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Summary. The paper discusses an influence of hydrocarbels find biofuels properties on self-
ignition delay period in AD3.152 UR engine. The pdrisignificantly affects the combustion
speed, the rate of pressure and temperature g&reasy engine starting and other engine per-
formance characteristics. It also influences théssion values of basic toxic components such as
CO, HC, NOx, PM in exhaust gases. The values ofigeifion delay period were determined
when the engine was fuelled by EKODIESEL PLUS 5j@rbcarbon fuel (environmentally
friendly winter diesel oil) and FAME (Fatty Acid Nteyl Esters) plant fuel, made of plant or
animal oils fatty acids methyl esters. Investigasianto the engine were conducted in an engine
test house equipped with a system for measuringspres and other fast changing values. In
investigations the engine was operated under loaditons at the maximum torque speed
1400 rpm and rated power speaed 2000 rpm. The analysis of results was made erbtsis of
averaged pressures in indicator diagrams takerd@redgine work cycles.
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INTRODUCTION

The self-ignition delay period is an angle betw#sninjection beginning (the start
of the injector needle lift) and the instant of dmrstion onset, which is equivalent to the
beginning of quick increase in pressure and tentperaf the working medium in the
cylinder [Ambrozik 2001]. The angle affects the darmstion speed and the rate of pres-
sure and temperature increase, easy engine starithg@ther engine performance char-
acteristics.

The value of injection and self-ignition delay amglepends [Ambrozik 2004] on:
physical and chemical properties of the fuel, thgime design features, the kind of in-
jection apparatus and the engine service conditions
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While using fuels of different physical/chemicabperties to fuel self-ignition en-
gines it is necessary to take high accuracy meamnts of pressure and other quantities
that change in injection and combustion proces&afozik and Kurcziiski 2006].

The fuel fraction composition and cetane numbettuadly connected to a great ex-
tent, are among the primary factors that affelttigaition delay period and combustion
character. Higher cetane number fuels show sheeféignition delay period.

The shortening of self-ignition delay period withiacrease in cetane number (CN)
is quite considerable, thus when high CN fuelsum®ed, the engine operation becomes
softer. Average values of pressure increase ratectatively low then.

Apart from cetane number, self-ignition temperatal® affects the duration time
of the self-ignition delay period. In order to puag ignition, the fuel with low self-
ignition temperature needs shorter time to appabglst heat the fuel and overheat va-
pours, which leads to the reduction in ignitionagepberiod.

Paraffin hydrocarbons with long straight saturatkdins have the best self-ignition
properties. The disadvantage associated with pataffirocarbons is their high solidifi-
cation temperature and paraffin crystallisationcooling. That results in blocking the
fuel flow and the engine stoppage. In order to Iothie diesel oil solidification tempera-
ture depressant additives are used. They are sudetive substances which delay the
formation of spatial skeleton of solidified paraffi Naphthenes have a greater, and
aromatic hydrocarbons the greatest self-ignitiolayleAromatic hydrocarbons consid-
erably lengthen the fuel self-ignition. They cagsebon deposit formation in the com-
bustion chamber and an increase in particulateemathission.

AIM OF INVESTIGATIONS

The aim of investigations was to compare valuesetifignition delay angle when
AD3.152 UR engine was fuelled by ,Ekodiesel Ultra Iydrocarbon fuel and FAME
plant fuel, i.e. methyl ester of fatty acids ofeaped oil.

The value of self-ignition delay angle was detemtirusing measurements of the
injector needle lift and also the experimentallyeta indicator diagram. These quantities
values are helpful to estimate and define regwatbanges in the angle of the dynamic
start of fuel, pumping depending on the fuel typel ds fraction composition. Self-
ignition delay angle is an important diagnosticgmaeter of the engine because its value
decides, to a great extent, on the engine noisal kwd toxic component emission in
exhaust gases.

CHARACTERISTICS OF THE EXAMINED FUELS

The paper analyses self-ignition delay period inr3AI32 UR engine fuelled by two
different fuel kinds: ,Ekodiesel Ultra D" mineraliél and FAME plant fuel, i.e. methyl
ester of fatty acids of rapeseed oil.

Diesel oils are known to be commonly used to fyelrdaneous ignition combus-
tion engines. Stricter standards that result fre@igttened environmental awareness and
gradual depletion of crude oil resources both doute to increased importance placed
on alternative fuels, and consequently, reduceatieunt of hydrocarbon fuel used.
With respect to self-ignition engines, plant fueither alone or in blends with diesel oil
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become a possible solution. FAME, i.e. methyl estdrfatty acids of rapeseed oll, is an
example of such fuel types. They show a clear adgenover diesel oils as they produce
far less adverse effects on the environment.

The cetane number of the plant fuel used in thestigations is close to that of
.Ekodiesel Ultra D” oil, but the biofuel is characised by higher density, lower calo-
rific value, higher turbidity and cold filter bloglg temperature. The use of the biofuel
under winter conditions is possible only with appiate additives. FAME fuel contains
much more oxygen when compared to diesel oil, maeadt has good lubricating prop-
erties which are advantageous for the operatidgnsanvice life of the engine fuel feed-
ing system. FAME does not contain volatile compaynghich results in the low pres-
sure of its saturated vapours and high ignitionperature. Much higher ignition tem-
perature of esters prevents the explosion of vapadhus improving the safety of engine
fuelling [Ambrozik and Kurczfiski 2006]. Basic physical and chemical propertiés o
engine fuels used in investigations are shown iold &.

Table. 1. Basic physical and chemical propertiesngfine fuels
used in investigations [Ambrozik and Kurézaki 2006]

Ekodiesel Ultra FAME
Parameter D plant fuel
diesel oil

Cetane number 514 51
Calorific value, MJ/kg 43.2 36.7
Density at 18,C g/cm, 0.8354 0.883
Kinematic viscosity, miis (~40C) 2.64 4.47
Surface tension, N/m (2Q) 3.64-10° 3.58-1C
Ignition temperature, °C 63 above 130
Turbidity point, °C -17 -2
Cold filter blocking temperature, °C -23 -14
Average element composition, %
- C 87.2 76.8
— H 12.7 121
-0 0 11
Sulphur content S, mg/kg 9 8.1
Water content, mg/kg 43.8 113
Particulate matter content, mg/kg 5 18
Coke-cake remainder in 10% distillation residue, % 0.01 0.28
(m/m)
Examination of corrosive action on copper platéss< 1 1

RESEARCH STAND DESCRIPTION — THE ENGINE DATA

The object under investigation was spontaneougiegnPerkins AD3.152UR en-
gine with fuel directly injected into the combustichamber. The engine was operated at
the test stand equipped with a system for measymiagsures and other fast changing
values.

The basic technical data of AD3.152 UR engine aesented in Table 2. The dia-
gram of the research stand is shown in Fig. 1
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Table. 2. Basic technical data of the engine [Amitrand Kurczyiski 2006]

Spontaneous ignition AD3.152 UR engine

Parameter Unit Value
Cylinder arrangement - row
Number of cylinders - 3
Type of injection - direct
Sequence of cylinder operation - 1-2-3
Compression ratio - 16.5
Cylinder diameter mm 91.44
Piston stroke mm 127
Engine cubic capacity dm 2.502
Connecting rod length mm 223.80+223.85
Maximum engine power kw 34.6
Maximum power rotational speed rpm 2250
Maximum torque Nm 168.7
Maximum torque rotational speed rpm 1350
Static angle of injection advance CA deg 17
Angle of inlet valve opening CA deg 13
Angle of inlet valve closing CA deg 43
Angle of outlet valve opening CA deg 46
Angle of outlet valve closing CA deg 10
Idle run rotational speed rpm 750450
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Fig. 1. Diagram of the test stand [Ambrozik and ¢ayiski 2006]:
1 - AD3.152 UR engine, 2 — water brake, 3 — cherkimd measurement block, 4 — PC computer,
5 — piezoelectric quartz pressure sensor in theébastion chamber, 6 — piezoelectric quartz pres-
sure sensor in the injection pipe, 7 — transfordigplacement sensor, 8 — crankshaft rotation angle
transmitter, 9 — set of sensor signal amplifiefs;-fengine coolant temperature sensor, 11 — engine
oil temperature sensor
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DESCRIPTION OF INVESTIGATIONS METHODOLOGY

Prior to taking measurements, the engine was btaogtine state of thermal equi-
librium, which was followed by checking the perf@nte of all control and measure-
ment devices at the research stand.

Investigations were conducted when the engine ywasabed under load character-
istics, i.e. at the rotational speed correspondinthe maximum torqua = 1400 rpm
and the loads expressed in power urNs= 4, 8, 12, 16, 20 kW and at rated power
speedn = 2000 rpm and powerde = 8, 12, 16, 20, 24, 28 kW. Measurements were
taken when the angle of the dynamic start of thel faumping was set constant at
a'dpt:17.5 CA deg. The analysis of the results was nuadthe basis of averaged values

of quantities measured at 100 engine work cycles.

Figure 2 shows the curve of the injector needledifd developed indicator dia-
gram, in which injection advance angle and selftign delay angle are marked.

The graphs of fuel pressure in the injection pipe eombustion pressure in the en-
gine cylinder were plotted by means of piezoelectiartz sensors which underwent
static and dynamic calibration under close-to-oeadditions. The injector needle lift was
recorded with a displacement sensor.
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Fig. 2. Lift of injector needle (h), fuel presstinenjection pipe (p) and open indicator diagram
(pe) with marked angles [Ambrozik 2001, — self-ignition delay angley,,, — injection advance
angle,agp — dynamic pumping beginning angle

The graphic presentation of the method for therdgtetion of the instant of self-
ignition occurrence is shown in Fig. 3. The intet&mn of T(a) characteristics for com-
pression determined with the assumption that al@sworking medium, andi(a) curve
determined fora < agywp With the assumption that products of total and jglete com-
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bustion are the working mediurii(a) curve for compression process was plotted for
a = a , whereas Tq) curve for combustion process was plotteddo o _ .

The self-ignition delay period is [Ambrozik 2004]:

a, = arps —apw , CA deg (1)

I =—>= g 2

where:
0,5 — Self-ignition delay angle,
Ops— combustion onset angle,
Opw — injection beginning angle.
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Fig. 3. lllustration of self-ignition delay periatetermination method [Ambrozik 2001]:
opw — beginning of fuel injectiorn,s — beginning of combustion process

ANALYSIS OF EXPERIMENTAL RESULTS

Values of self-ignition delay period determinedtie investigations and their pres-
entation in a graphic form are shown in Table 3 Bigd 4 and 5, respectively.

In Figure 4, self-ignition delay angles are compai@ the examined fuels, under
different loads at the rotational speed 1400 ar@D2pm.
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Table. 3. Values of self-ignition delay period detmed for the examined fuels
in experimental investigations

Self-ignition delay angl®,s, CAdeg at n = 1400 rpm,
Ne, KW Ekodiesel Ultra D FAME
plant fuel
4 20.1 17.5
8 16.8 15.4
12 15.1 14
16 13.9 13.1
20 13 11
Self-ignition delay angl®,s,CAdeg at n=2000rpm,
Ne, KW Ekodiesel Ultra D FAME
plant fuel
8 23 215
12 215 20.5
16 19 18
20 18.2 16.5
24 17.3 15.5
28 15 13
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Fig. 4. Comparison of self-ignition delay angleues for Ekodiesel Ultra D and FAME fuels
when an engine is operated at the rotational speeti400 rpm.
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Fig. 5. Comparison of self-ignition delay angleues for Ekodiesel Ultra D and FAME fuels
when an engine is operated at the rotational speea000 rpm

CONCLUSIONS

The following conclusions can be drawn on the babihe results of experimental
investigation into self-ignition delay period in 52 engine fuelled by ,Ekodiesel
Ultra D” diesel oil and FAME, methyl esters of faticids of rapeseed oil:

1. Fuelling the engine by FAME methyl esters of fattyds of rapeseed oil, which
have approx. 10% more oxygen than hydrocarbon ,fusdselerates the combustion
process, which reduces values of self-ignition ylelagles by approx. 0:2 CA deg in
the whole range of the examined loads, both forrtiational speed of rated power
n = 1400 rpm and the maximum torque speed2000 rpm.

2. Further research into combustion processes wheineiggfuelled by both min-
eral and plant fuels is fully justifiable. The asfgeof natural environment protection
(decrease in the toxic exhaust gases emissionsragide produced noise) and the use of
alternative fuels of new generation enforced bgifdsiels resources depletion and price
increase should also be taken into account.
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