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Abstract. The purpose of this research is to examine the effect of rapeseed oil (RO) inclusion into Diesel fuel
(DF) on engine performance parameters.

During engine operation at 1 400, 1 800 and 2 200 min™! the brake specific fuel consumption has on an average
been increased by 0,104 %, 0,134 % and 0,156 % for every 1 % point increase in RO inclusion into DF. The
maximum thermal efficiency values remain within 0,37-0,39 intervals.

The maximum NO, emission increases with the mass percent of oxygen in the fuel blend and for RO and its
blends RO75 and ROS0 are higher by 9,2 %, 20,7 % and 5,1 %, respectively. Emissions of NO, increase with an
increasing content of RO premixed into DF.

When operating on pure RO and its blends RO75 and RO50 the maximum CO emission reduces by 40,5 % —
52,9 % and 7,2 %-15,0 %, respectively. The smoke opacity generated from RO and its blends is also by 27,1% -
34,6 % and 41,7 % —-51,0 % lower.

Emissions of HC remain on a considerably low level ranging between 8 to 16 ppm whereas during engine opera-
tion on pure RO they approach to about a zero level. Emissions of CO, for RO and fuel blend RO75 are slightly

higher.
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1. Introduction

The growing popularity of renewable fuels is
based primarily upon urgent concern about environ-
ment pollution that increases rapidly because of the
intense usage of fossil fuel resources that have natu-
rally been accumulated in the earth over millions of
years. Rapid increase of Diesel engined vehicles and
powerful tractors has led to the ambient air pollu-
tion by CO,, CO, NO,, HC, PM and other harmful
species exhausted into atmosphere contributing to
heat energy accumulation around the globe and cre-
ating so called “green-house” effect. This may be the
answer as to why population suffers disasters caused
by heavy rains and floods that occur because of the
global climate changes. Vegetable oil based fuels ap-
plied as Diesel fuel (DF) extender could alleviate the
environmental pollution contributing to closed cycle
CO, circulation.

Therefore, the main purpose of broad-scale us-
age of vegetable oil based fuels should be regarded,
primarily, as a measure taken to solve ecological prob-
lems. Economical and other advantages should be

considered as a second-rate business established to
promote well-balanced development of the state strat-
egy, create new jobs, extend the usage of non-food
products and suspend for a while growing prices of
mineral fuels. However, the practical usage of pure
rapeseed oil (RO) for Diesel engine fuelling is aggra-
vated because of its high density and viscosity, the fuel
filter plugging and carbon deposits formation on the
surface of inner parts of the combustion chamber.

Advantages and disadvantages related to the us-
age of RO for Diesel engine fuelling as well as the
main properties of the tested oil have been discussed
in previous investigations [1]. In addition, mixing of
oil with lighter Diesel fuel improves the lubricating
properties of fuel blends and compensates reduced
sulphur content in Diesel which has been lowered in
recent years from 2 000 ppm to 200-500 ppm and even
to 1 ppm for some city buses [2]. The lubricity of rape-
seed oil is known as superior comparing with conver-
sional Diesel and his property is imparted to blends
at levels above 20 vol % [3].

One of the methods that allows to reduce oil vis-
cosity and improve its technical properties is RO mix-
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ing with conventional Diesel fuel [4-8]. However, due
to the lower net heating value of RO mixing into Die-
sel fuel reduces the calorific value of the fuel blend
resulting in engine power losses and higher brake spe-
cific fuel consumption (bsfc). Tests with a Ford 6610
tractor fitted with a 4.4 L unmodified, naturally aspi-
rated Diesel engine indicate approximately 0,06 %
reduction in power output and 0,14 % increase in bsfc
for every 1 % point increase of the semirefined rape-
seed oil (SRO) inclusion into Diesel fuel [7].

Tests conducted in John Deere 4276T four cylin-
der, four stroke, direct-injection Diesel engine run on
two different soybean oils, one of which had been
deliberately oxidized and with their 20 % blends with
Diesel fuel proved that the smoke number, CO and
HC decreased by 8 % to 63 %, 2 % to 29 %, and 3 %
to 60 %, respectively, while NO, emissions increased
by 0,5 % to 18 % [9]. The authors determined that
NO, emissions are linearly correlated to the actual
start of combustion and, hence, depend on the maxi-
mum gas pressure and temperature in the cylinder.
Investigations with a four stroke, four cylinder, tur-
bocharged, direct-injection John Deere 4045TF Die-
sel engine further indicate that for the same cetane
number and the same start of combustion, NO, emis-
sions are the same for Soybean Biodiesel and Diesel
fuel [10].

It should be noted, however, that during pro-
longed operation on Diesel fuel and rapeseed oil blend
the problems related to fuel filter clogging, deposits
built-up on the inner parts of the combustion cham-
ber, injector coking, injection pump and piston rings
sticking and sump oil thickening can arise. Such prob-
lems have been experienced already in tests [7], there-
fore in the case of unmodified direct-injection Diesel
engine the authors suggest SRO inclusion rates up to
25 % mainly. However, 500-h test with a 3-cylinder,
4-stroke, air cooled, direct-injection Diter model 325-
3 Diesel engine fuelled with 10 % waste vegetable oil
and 90 % Diesel fuel blend revealed no visual differ-
ence in carbon deposits and smoke between two fuels
tested, the overall power loss reaching 12 % occurred
after 100 h of operation only [6].

In contrast to Diesel fuel crude oil does not pro-
ceed through thermal refining process therefore its
composition differs as having some kind of compli-
cated fractions that at high cylinder gas temperature
are split into smaller hydrocarbons before fuel evapo-
ration occurs. This could be considered as one of the
main reasons as to why parts of carbon deposits accu-
mulate on the injector nozzles and inner combustion
chamber. Therefore, in spite of overall acceptable
performance on neat oil and its blends with Diesel
during long-term operation the engine reliability prob-
lems can arise. Experiments conducted on 2.2 L, di-

rect-injection Kabota engine with machine vision sys-
tem fitted and DIAS image grabber card installed on
a Pentium computer disclosed that injector coking rate
and combustion chamber deposits are significantly
dependant upon used canola and soybean oil percent
in Diesel fuel blends. Based on this study the authors
came to the conclusion that only 2,5 % oil blends
would be the best candidate fuel for further durabil-
ity testing [5]. Other oil fuel blends of 10 % and higher
would potentially result in durability problems.

Nitric oxide NO forms at the high temperature
(above 2 000 K) burned gases behind the flame
through chemical reactions of nitrogen and free oxy-
gen. The higher gas temperature is, the higher the
rate of NO emission can be expected. Although the
formation and destruction of nitrogen oxides are not
directly linked with the fuel combustion, however, the
amounts of these species depend on cylinder gas tem-
perature and environment created by combustion [11].
Experimentations on a Farymann type 18 D air-cooled
4,2 kW one-cylinder Diesel engine further indicate
that if gas temperature in the cylinder remains almost
stable, mixing Diesel fuel and RME in different pro-
portions does not lead to significant changes in NO,
emissions depending on the blend [12].

The performance and emission characteristics of
the engine run on vegetable oil and its blends with
Diesel fuel depend on air-fuel mixture quality, actual
start of combustion and heat release peculiarities,
therefore testing results of different engines can vary
substantially. Agricultural sector in Lithuania, Latvia,
Estonia and other neighbouring countries differs it-
self as having up to 80 % of tractors produced in Rus-
sia and Belarus mainly. Today a few Biodiesel tests
have been conducted only with such engines [13,14],
therefore the absence of reliable test results retards
the overall usage of vegetable oil based fuels.

The purpose of this research was to investigate
the influence of cold pressed rapeseed oil and its
blends with Diesel fuel on a four cylinder, direct-in-
jection Diesel engine performance and emission com-
position changes. The objectives of this study can be
stated as follows:

1. To determine the effect of rapeseed oil mixing
with Diesel fuel on blend viscosity and filtration prop-
erties as well as to conduct the comparative analysis
of engine performance, the brake specific fuel con-
sumption and fuel energy conversion efficiency when
operating on baseline Diesel fuel, pure rapeseed oil
and their blends over a wide range of loads and speeds.

2.'To examine the emission composition changes
including nitrogen oxides NO,, carbon monoxide CO,
unburned hydrocarbons HC and smoke opacity of the
exhausts when operating alternately on pure rapeseed
oil, Diesel fuel and their blends over a wide range of
loads and revolutions per minute.
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2. Experimental apparatus and methodology of the
research

Tests were conducted on a completely commis-
sioned four cylinder, four stroke, naturally aspirated,
water-cooled, 59 kW direct-injection Diesel engine
D-243 with splash volume V, = 4,75 dm?, bore of 110
mm, stroke of 125 mm, compression ratio € = 16:1
and toroidal type combustion chamber. The fuel was
delivered by an in line fuel injection pump through
five holes injection units with the initial fuel delivery
start at 25° before top dead centre (BTDC). The
needle valve lifting pressure for all injectors was set
to 17,5+0,5 MPa.

The fuelling system was modified by means of
installing two joined in parallel fine porous fuel fil-
ters. The fuel overrunning through the injection pump
pressure control valve was forwarded to the transfer
pump, whereas the fuel droplets penetrating through
the injector needle valve were collected in the fuel
metering vessel.

To obtain the baseline parameters the engine was
operated on Diesel fuel grade C first. Load charac-
teristics were taken at constant crankshaft revolutions
of 1400, 1 600, 1 800, 2 000 and 2 200 min!. After all
load characteristics were taken from the engine per-
formance on Diesel, three blends were prepared by
splash mixing DF and RO in the following propor-
tions by volume: 75 % Diesel fuel and 25 % rapeseed
oil (RO25), 50 % Diesel fuel and 50 % rapeseed oil
(RO50) and 25 % Diesel fuel and 75 % rapeseed oil
(RO75) and similar experiments were conducted over
the same range of engine loads and revolution fre-
quencies. Afterwards, the Diesel engine was fuelled
with pure RO, its performance characteristics were
taken again and exhaust gas emissions measured over
the same test ranges.

The torque of the engine was measured with an
electrical AC dynamometer and crankshaft evolutions
were measured with a stand tachometer TSFU-1, the
mass fuel consumption was determined by weighting
it on electronic scales VLK-500 and volumetric air
consumption - with gas counter RG-400-1-1.5.

The amounts of carbon monoxide CO (ppm), and
dioxide CO, vol %), nitric oxide NO (ppm) and ni-
trogen dioxide NO, (ppm) in the exhaust were mea-
sured with Testo 33 gas analyser. This apparatus was
employed to determine the instant values of air-to-
fuel equivalence ratio A. The amounts of unburned
hydrocarbons HC (ppm vol) and residual oxygen O,
(vol %) in the exhaust gases were determined with
the gas analyser TECHNOTEST Infrared Multigas
Tank model 488 OIML.

Smoke opacity D ( %) of the exhaust gases was
measured with Bosch device RTT 100/RTT 110in I -
100 % scale with 0,1 % accuracy.

3. The test results and analysis

The dependency of fuel blend viscosity and its
relative filtration coefficient (mm/s) which was de-
termined as the fuel flow rate in mm?/s through con-
trol 100 mm? area of fine porous paper element at
constant fuel pressure drop Ap = 10 kPa, on percen-
tage of Diesel fuel premixed into rapeseed oil at am-
bient temperature of 20 °C are presented in Fig 1. As
one can see in the graphs crude oil filtration through
the fuel filter under given testing conditions is as low
as 0,077 mm/s compiling approximately 4,1 % related
to Diesel fuel. Therefore, it is difficult to achieve at
room temperature the necessary oil flow in the fuel-
ling system and maintain rated power especially in
the case of a plunger transfer pump.

As it is obvious from the graph the viscosity of
rapeseed oil reduces rapidly and its filtration proper-
ties improve with Diesel fuel inclusion into fuel blend.
Mixing of RO with lighter Diesel fuel improves fil-
tration through a fine porous paper element and flow
capacity for blends RO25, RO50, RO75 increases 1,7,
5,4 and 11,8 times, respectively. As one can see in the
picture necessary fuel flow capacity through a fine
porous filter element can be obtained at premixing
ratio of 75 %DF/25 %RO and higher. Rapeseed oil
and Diesel fuel mixing by the mentioned proportion
could be considered as suitable to maintain the fuel
flow necessary for normal operation of the engine.

The viscosity of pure rapeseed oil, blends RO75,
ROS50, RO25 and Diesel fuel as a function of heating
temperature is presented in Fig 2. At room tempera-
ture (20 °C the viscosity of crude oil is very high (78,6
mm?/s), i.e. about 22 times exceeds the correspond-
ing value (3,6 mm?/s) of conventional Diesel fuel.
Mixing of RO with lighter Diesel fuel permits to re-
duce its viscosity and obtain corresponding viscosity
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Fig 1. Dependency of viscosity and relative filtration
coefficients of fuel blends on the percentage of Diesel
premixed into rapeseed oil
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Fig 2. The effect of preheating temperature on the viscosity
of various rapeseed oil and Diesel fuel blends

values of 51,2, 17,4 and 8,4 mm?/s for the tested blends.

To increase the filtration properties of vegetable
oil and its blends with Diesel the fuel preheating
method is widely used. Heating to the temperature of
50-60 °C can be regarded as an extra measure that
reduces oil viscosity several times. The higher the
percentage of oil included into Diesel fuel is, the
higher is the effect of heating on blend viscosity. This
method seems as being especially promising at low
temperature range of 15 °C to 40 °C. However, when
operating on Diesel fuel blends with small amounts
(up to 25 %) of RO included there one can obtain
fuel viscosity more or less suitable for normal opera-
tion without extra heating.

Graphs of the brake specific fuel consumption
as a function of load obtained during engine opera-
tion on pure RO, Diesel fuel and their blends at rota-
tion speeds of 1 400, 1 800 and 2 200 min! have been
superimposed as shown in Fig 3. All graphs proceed
with the increasing load similar enough, however bsfc
values increase about proportional with the amount
of RO premixed into Diesel fuel. After the inclusion
into Diesel fuel 25 %, 50 %, 75 % of rapeseed oil and,
finally, fuelling the engine with pure RO, the mini-
mum bsfc values were increased on an average by
2,7 %, 6,8 %, 9,9 % and 11,6 %, correspondingly.
Given results remain in good agreement with studies
made by Graboski M.S. and McCormick R. L. [3],
where it was determined that the fuel economy based
upon energy content is independent on the fuel mix-
ture fed to the engine. This preposition suggests that
neat rapeseed oil and its blends with Diesel exhibit
bsfc in mass inversely proportional to their calorific
value.

As it is obvious from graphs in Fig 3, that bsfc
decreases with the load remaining at 1 400, 1 800 and
2200 min! revolutions at slightly higher levels for the
fuel blends with higher oil content premixed into Die-
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Fig 3. Brake specific fuel consumption (bsfc) as a function of
engine load (bmep) at various speeds (n)

sel. Test does not reveal the significant reduction in
power output, however, the minimum bsfc values have
on an average been increased by 0,104 %, 0,134 %
and 0,156 %, respectively for every 1 % point increase
in RO inclusion into Diesel fuel. However, when op-
erating under easy loads bsfc behaviour with the oil
content in fuel blend is a bit different. At bmep H”
0,15 MPa bsfc values increase more intensively with
RO content in Diesel fuel, but, in contrast to heavy
loading conditions, the sensitivity to oil inclusion di-
minishes with the speed indicating 0,222 %, 0,200 %
and 0,135 %, respectively. The increase of bsfc in
grams per unit energy developed depends actually on
both engine load and its rotation speed and this con-
clusion should be taken into account when discuss-
ing about RO inclusion rate that could be considered
as suitable for particular engine performance condi-
tions.

For further analysis brake thermal efficiency
curves as a function of load for Diesel engine run on
the conventional fuel, pure RO and their blends have
been superimposed as shown in Fig 4. At the speed
of 1 400 min’! the highest brake thermal efficiency
value 0,39 was obtained for pure RO and slightly
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Fig 4. Brake thermal efficiency as a function of engine load
(bmep) when operating on pure rapeseed oil, Diesel fuel and
their blends

lower 0,37 for Diesel fuel. The maximum thermal ef-
ficiency values for RO-Diesel blends remain within
the appointed interval showing a slight increase in per-
formance efficiency due to the oil inclusion into Die-
sel fuel. Test results of a Petter model ACI single cyl-
inder, energy-cell Diesel engine also proved a bit
higher brake thermal efficiency at moderate loads for
neat RO and its 25vol % blends with Diesel [8].

Within the revolution range from 1 600 to 2 200
min! brake thermal efficiency values increase gradu-
ally with the load, but it is difficult to determine any
reliable dependency on the fuel composition. At the
minimum load different blends exhibit the same brake
thermal efficiency of approximately 0,25, therefore it
was decided not to scrutinise the dependencies in
detail. Test results show that under normal operating
conditions the fuel energy conversion efficiency re-
mains independent on the content of RO premixed
into Diesel fuel.

As it follows from the literature analysis [3,15]
the total NO, concentration in the exhausts deter-
mined as a sum of both pollutants NO and NO, de-
pends on the fuel feedstock, indigenous oxygen con-
tent in fuel composition, its volatility, iodine number
and cetane number, actual start of combustion and
other variables. usage of rapeseed oil as low volatile
fuel may decrease premixed burning portion of com-
bustion, reduce peak cylinder gas temperature and
formation of NO_ but, on the other hand, its oxygen-
ated nature and longer auto-ignition delay are not
ready for such contribution [16].

As one can see in graphs of Fig 5, NO, emissions
at wide range of revolutions increase gradually with
the load, reaching at its high loads, the maximum val-
ues which depend on the fuel composition and en-
gine speed. Maximum NO, emissions for Diesel fuel
indicate slight decrease with the speed reaching cor-
respondingly 1 911, 1 674 and 1 386 ppm, whereas
NO, emissions for crude RO and its blends show con-
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Fig 5. Total nitrogen oxides NO, and dioxide NO, emissions
as a function of engine load (bmep) at various rotation
speeds (n)

trary tendencies tending rather to increase with the
speed. Mentioned NO, emission behaviour can be
related to fuel composition which in the case of oxy-
genated fuel maintains at equivalent loads a bit higher
air-to-fuel equivalence ratio.

When running a fully loaded engine at the mini-
mum 1 400 min'! speed pure RO and its blends RO75,
ROS50, RO25 produce by 20,0 % and 21,0 %, 26,2 %,
37,4 % lower NO, emission compared with conven-
tional Diesel. Lower NO, emission can be achieved,
presumably, because of lower quantity of fuel
premixed for rapid reactions at the first stages of com-
bustion process. NO, emissions increase, however,
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with the oil inclusion into Diesel fuel reaching for
tested blends the maximum values of 1 196, 1 411 and
1510 ppm, respectively. Crude oil exhibits maximum
NO, emission of 1 528 ppm that is a slightly higher
related to that of RO75 fuel blend.

At higher 1 800 min™! revolutions NO_ emission
for pure RO, RO75 and ROS50 blends appears at ap-
proximately the same level as that for Diesel fuel. Only
blend RO25 suggests NO, emission on an average by
26,7 % lower. Maximum NO, emission generated
from RO is also by 7,0 % lower than that of Diesel
fuel. However, as engine speed increases up to the
rated 2 200 min™! value, maximum NO, emission for
pure RO, RO75 and ROS50 blends becomes higher by
9,2 % (128 ppm), 20,7 % (287 ppm) and 5,1 % (71
ppm) related to Diesel fuel (1 386 ppm). Again, fuel
blend RO25 does effectively reduce pollutants sug-
gesting NO, emission about 11,7 % lower. As it is
obvious, the flame temperature changes alone can-
not adequately explain the observed variations in NO,
emission for oxygenated fuel blends [9].

Tests with 6V92TA MUI engine rebuilt to 1 987
EPA D-bus disclosed that for both rapeseed (canola)
and soy ester blends with CARB and U.S. low sul-
phur Diesel fuels NO, increases in proportion to the
weight percent of oxygen in the fuel composition. For
20 % soy methyl ester in CARB Diesel due to the
effect of oxygenates unburned HC, CO and PM were
decreased by 16,7, 20,2 and 6,1 %, while NO, simulta-
neously increased by 4,5 % [3]. It seems pretty clear
that the same tendencies remain in value in the case
of D-243 Diesel engine because maximum NO, emis-
sions for tested oil blends with the mass oxygen con-
tents of 3,0 %, 5,6 % and 8,2 % increase to 1 224,
1457 and 1 673 ppm, respectively. Only for pure RO
that distinguishes itself as having the biggest 10,8 %
oxygen content, maximum NO, emission of 1 514 ppm
is lower related to that of blend RO75. Observed pe-
culiarities have not been studied completely serving
as a reason for a bit different results reported in the
literature especially in the terms of Biodiesel effect
onNO,, CO, HC, PM and other pollutants exhausted.

Nitrogen dioxide emissions increase slightly with
the load reaching maximum NO, values at between
12 to 63 ppm and remaining about ten times as much
lower in comparison to that of nitric monoxide. Maxi-
mum NO, emissions of 49-63 ppm were measured
for Diesel fuel and blend RO25. In contrast to NO,
emissions of NO, have tendency to reduce with the
amount of oil premixed into Diesel fuel. Experiments
with a single cylinder direct-injection Diesel engine
show that NO, emissions for vegetable oils may actu-
ally be lower than that of Diesel fuel [4]. According
our test results maximum NO, emissions for pure oil
and blend RO75 amount from 12 to 22 ppm only.

Lower NO, emissions have been obtained, probably,
because of oxygenated nature of RO that improves
fuel combustion and boosts cylinder gas temperature
speeding up conversion back to NO [11].

Carbon monoxide CO emissions as a function of
load (bmep) at revolutions of 1 400, 1 800 and 2 200
min’! are given in Fig 6. The first issue is clear visible
when operating on pure oil the fully loaded engine
exhausts correspondingly by 40,5 %, 46,0 % and
52,91 % less CO than conventional Diesel. At low 1
400 min’! speed emissions of CO through all load
range remain as low as about 350 ppm with a rapid
increase at heavy loads only. As one can see, the oxy-
genated blends demonstrate CO emissions behaviour
with the load very similar to that of Diesel fuel. When
operating under maximum load air-to-fuel equiva-
lence ratio is diminished beyond 1,5 values therefore
the local oxygen deficiency may occur to burn fuel-
rich mixture completely.

As engine speed and cylinder gas turbulence in-
tensity increase, conditions for burning of big oil por-
tions improve and CO emissions at heavy loads be-
come lower. Environmentally more friendly CO emis-
sions ranging with the load at between 400-800 ppm
sustain equally well at maximum torque revolutions
1800 min™! and rated 2200 min™! speed. At the men-
tioned speeds maximum CO emissions for blends
RO75 and ROS50 are lower by 7,2 %-11,9 % and
13,5 %-15,0 %, respectively. Only for blend RO25 CO
emission curves reflect a bit higher values tending to
converge to the ones obtained during engine opera-
tion on Diesel fuel. When running the engine at a fully
opened throttle CO emissions reach the top values of
1 100-1 300 ppm.

However, at very easy loads emissions of CO
show the tendency to be slightly higher again. In spite
of overall fuel-lean mixture corresponding to air-fuel
equivalence ratio A = 5,0-6,0, poor atomisation and
slow evaporation at low cylinder gas temperature can
lead to incomplete combustion of small oil portions
injected per cycle.

According to Ref. [11] soot is produced by a py-
rolysis reaction in the flame front at high gas tem-
perature of about 1 000 to 2 000 K. It appears even in
sufficient amounts of air to burn all the fuel injected
because the mixture combustion proceeds through the
dissociation of hydrocarbons. Inter-media combustion
products such as acetylene C,H, and polycyclic aro-
matic hydrocarbons are known as the causers of soot
formation. The eventual emission of soot depends on
the balance of soot particles formation and their oxi-
dation speeds. Smoke transparency is affected actu-
ally by both the soot particles and the amounts of vari-
able size volatile or soluble unburned organic com-
pounds (PM) suspended in the exhausts [17].
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(bmep) at various speeds (n)

At speeds 1400, 1 800 and 2 200 min™! and fully
opened throttle the engine develops the control torque
corresponding to loads of bmep = 0,77, 0,76 and 0,68
MPa. Under given testing conditions the biggest
smoke opacity of 96 %, 47 % and 26 % was generated
from Diesel fuel whereas pure RO exhibited by
27,1 %, 34,0 % and 34,6 % lower smoke (Fig 7). Vi-
sibly lighter smoke along with drastically diminished
CO and HC emissions accompanied by slightly higher
NO, concentration was obtained because of higher
oxygen content in RO composition. The mentioned
above emission changes remain in good agreement
with a higher combustion efficiency obtained for pure
rapeseed oil.

At reduced 1400 min™ speed maximum smoke
opacity for blends RO25, RO50 and RO75 is lower
by 41,7 %, 49,0 % and 51,0 %, respectively. At higher
1800 and 2 200 min"! speeds the gas smoke emerging
from blends RO50 and RO75 is quite similar to that
generated by pure RO whereas maximum smoke val-
ues of 44 % and 22 % generated by RO25 blend lo-
cate themselves in close proximity to that of Diesel
fuel. In this particular case slightly higher smoke ac-
companied by higher CO and HC emissions corre-
lates reasonably well with reduced NO, concentration.
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Fig 7. Opacity of Diesel exhausts as a function of load
(bmep) at various speeds (n)

The amount of residual oxygen in the exhausts was
for blend RO25 as high as 10,2-12,6 % comparing
with 9,62-12,4 % for Diesel fuel.

The emissions of unburned hydrocarbons depend
on engine design, mixture composition and variation
in cylinder-to-cylinder of air-to-fuel equivalence ra-
tio. As it follows from Fig 8, HC emissions were neg-
ligible and changed between 8 to 16 ppm mainly. In
the graphs one can monitor a slight HC emission in-
crease with the load and quantity of fuel injected how-
ever it is difficult to determine any reliable depen-
dency on the blend. HC emissions for pure RO at the
tested speeds and loads remain on a very low level
approaching to measurements accuracy available.

Low HC emissions have been measured, prob-
ably, due to the condensation of the heaviest hydro-
carbons in the sampling line upstream of the detec-
tor [17]. The majority of the fatty acids have compli-
cated 16 and 18 carbon length chains that are liable
to condense [3]. The maximum temperature of the
exhausts for all fuels tested was similar enough rang-
ing between 525-535 °C. Higher oil viscosity and its
sticking properties may contribute in sealing combus-
tion chamber cavities liable to quench flame [11].
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Fig 8. Hydrocarbons HC emissions as a function of load
(bmep) at various speeds (n)

As it is obvious from the graphs presented in
Fig 9, the emissions of carbon dioxide increase
smoothly with the load exhibiting slightly higher CO,
amounts produced by rapeseed oil and blend RO75.
However, due to the total sun energy a major part of
CO, emission exhausted during the combustion of
biofuels will be returned back by growing oil plants to
produce new hydrocarbons and release free oxygen

n=2200 rpm
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—%— RO
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Fig 9. Dependencies of carbon dioxide emissions on engine
load (bmep)

into atmosphere.

4. Conclusions

1. The increase of the brake specific fuel con-
sumption due to rapeseed oil mixing into Diesel fuel
depends on both engine load and its rotation speed.
Minimum bsfc values at speeds of 1 400, 1 800 and
2200 min"! have on average been increased by
0,104 %, 0,134 % and 0,156 % for every 1 % point
increase in RO inclusion into Diesel fuel. At easy loads
the engine is more sensitive to oil inclusion into Die-
sel fuel therefore bsfc values are increased by 0,222 %,
0,200 % and 0,135 %, respectively.

2. The fuel energy conversion efficiency does not
depend very much on the percentage of rapeseed oil
included into Diesel fuel and the maximum thermal
efficiency values for Diesel fuel, pure RO and their
blends throughout a wide range of the engine the
speed remains within 0,37-0,39 interval.

3. At low revolutions NO, emissions for pure oil
and its blends with Diesel proceed at lower levels,

however, they increase with the mass percent of oxy-
gen in the fuel blend. At the rated 2 200 min™! speed
maximum NO, emissions for pure RO, blends RO75
and ROS50 are higher by 9,2 %, 20,7 % and 5,1 %
than that of Diesel fuel. The only fuel blend RO25
suggests throughout all speed range maximum NO,
emission by 37,4-11,7 % lower related to conventional
Diesel. Emissions of NO, indicate clear reduction ten-
dencies with increasing content of RO premixed into
Diesel fuel.

4. The substitution of Diesel fuel by RO reduces
maximum CO emission by 40,5 %, 46,0 % and 52,9 %,
respectively. CO emissions for blends RO75 and
RO50 at the maximum torque and rated power are
lower by approximately 7,2 %-15,0 % whereas blend
RO25 exhibit CO emission nearly the same as con-
versional Diesel.

5. The maximum smoke opacity for pure RO is
lower by 27,1 % — 34,6 % however under easy operat-
ing conditions the emergence of white coloured
vapours may reduce slightly the transparency of the
exhausts. Visible smoke arising from oxygenated fuel
blends is lower by 41,7 % — 51,0 % related to Diesel
fuel.

6. The emissions of unburned hydrocarbons for
fuel blends remain at a considerably low level rang-
ing with the loads and revolutions at between § to 16
ppm mainly whereas HC emissions for pure RO ap-
pear at about zero level. Emissions of CO, are slightly
higher for pure RO and blend RO75 that correlate
reasonably well with higher fuel consumption in mass.

Test results indicate that rapeseed oil inclusion
into Diesel fuel up to 25 vol % could be considered as
a possible fossil fuel extender. The application of rape-
seed oil and its blends with Diesel for engine fuelling
should be dependent, however, on long-term endur-
ance test results.
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