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Summary. The paper deals with the studyupon the mflience of diffeert texperatires of rapeseed cil onener
gete pararneters of anengine. The stadywas perfiemed using 5-4003 type engine imstalled on a dynamcevehie
stard . Kemalts ievealed the mnerease of 2 momert of forme by dbant 3% and the powrer by 2hoat 4%,
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INTRODUOCTION

Plant oils - due o the faet that they are revewable - are wery interesting alternative fuel be-
cans of a closed catbon diecride eireulation in the atrmosphere, which can reduce the greenhouse
effect. There is a possihilityto use fuels made of plant-origin oils in diese] engines: rapeseed, sun-
flower, palry, etc. In Poland - due to good cliatic and soil conditions - rapessed oil is produced
in great quantities, and there is hope for a further increase of the rape plantation area [Bochefski,
Boche fiska 2008, Foszhowski 2008].

The diesz] engine has recently become a general propulsion source in hesvry transport, ma-
chines, tractors, sea-ships, track vehicles, as well as part of delivery and passengerwelicles. Such
akrantages of these engines as high seneral efficiency, great durability, operational relishility, and
reduced emissions of toxic substances have resulted in the steady growth of the rumber of wehiclas
ecpuipped with this type of driving unit. In conseque nee, that deseloprment has led to the situation
of the growing dermand for diess] oil [Kozak, lerkisz 2007].

In Poland, the rapeseed oil for diesel engines roas be used in four variants [Podkéwka 2004,
Uzdoaska 2008]:

1. pure rapessed oil

4. mixtore of rapeseed oil with diese] oil,

3. rapeseed oil methsd esters,

4. mixtore of rapeseed ol methed esters with diesel ol

Worse working properties as compared to diesel oil, danger of bringing the cormpre ssing ele-
toenis 1o & halt due to the drying out of the oil and producing excesstve sedirnents in the corabustion
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chariber ave the reasons why rapessed oil is not recorntrended as a separate fel for diesel engine
supply [Fone zyfieki, Bwbrozik, Dandlezyvk 2006] . Applyving the rapeseed oil as diese] engine projnl-
gion somtce mavyhbe realized in [Weislo 2002]:
»  gpecially designed engines for plant-origin oils corbustion,
= engines equipped with adapting systerm making possible to heat the oil to an approjpriate
terpe rature .

Loy interference into an engine - which airms atadapting it to be supplied with plant-origin
oll - is expensive and makes it dnpossible to re-use the diesel o1l in the same engine.

Iodification consisting in applying the bi-fuel system iz a wuch easier solution. The plant-
origin oil supply syster facilitate s ite warming up to 20-100%C. That solution allows for decreasing
the oilwiscosity hence fuel canbe better sprayed. Plant oils are of higher viscosity than diesel oil,
tarnely at lower ternperatures. Great difference inboth viscosities canses that the engine cannotbe
started at 5% and it makes a proper work of fuel injection devices at higher arabient terope ratire s
impossible.

In systerns that adapt rapeseed oil, it canbe warmed in three differnt ways [Weisto 2003]:

a) with the heat ernitted by cooling svstern,

b} using electrical heater,

) in both the ahosetnentioned ways at the same time.

The first mentioned solution allows for stating the engine nsing corenon diesel oil. When
the coolitg rnedinm reaches shout 807, the engine switches over the rapeseed ol supply that is
wartned in a specialized heat e xchanger connected to the cooling syetern. The exchanger stuctore
hias to heat the plant oil npto aboat 70°C

Using an electrical heater is the simplest method: the heating device should be just morted
on a fuel line and cormecte d with wires. In practice, becanse of large powrer dervand (the device st
work all the time), such solution seriously overloads the electrical installation, narnely altermator

The third solution consists in tao-stage oil heating:

* prelmumary,

= during the engine work

Electricity iz nsed for preliminary heating of the oil. It airns at farilitating the flow of the ol
through the fuel systern and enabling the start of the cold engine . When the engine iz ignited, the
hieat carried by the medinm that cools the engine is used to secure the proper terperatore.

Inall these variants, engine showld be switched onto the diesel oil before it is twmed off. The
operation wonld canse the re-start rauch easier and allow for keeping the engine inferior and fiel
supply systern clean. The plant ol itself could leave too roach of hazardous sedireents and canse
the comosion of injection devices [Piekarski, Deieriszewsla 2006].

PURPOEE AND MIETHODE

The present study airns at an evaluation of the influence of various femperatores of heated
rapeseed oil on energetic pararneters of the engine fed with this type of fuel Changes of parar-
eters recorded at supplying with rapeseed oil were corapared to those for engine fed with corrnon
diese] oil.

Bapeseed o1l samples were obtained from Fat Iarofacturers in Bodaczdw 5p z 0.0, while
die se] il Ekodiese] was parchased on the market. Both types of fuel were drided into three groupes:

O 1 —cold-extroded rmpeseed oil, non-puorified +807C,

OF. 2 —cold-extroded mpeseed oil, non-puorified +20°C,

O — diesel oil +20%C.
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Teats of exeigetic pararneters were carvied out in a stand on the test hench (Department of
Power and Wehicles Engineering, Untversity of Life Sciences in Lubling. The testing stand was
ecuipped with diesel engine of S—4003 type, electric break of K1-136 B-E type that played the role
of a starter, a kit for measuring the fuel utilization consisting oft dosimeter PO-200 and electronic
scales TP-30B, as well asengine statns measaring kit exhausted gases ternperature, e mperatore of
cooling medinm, oil pressure presented in Figure 1.

12 11

5
|

4
_____ .
7
|f'
-
s

——

o
T
m‘“: ] :g| :l ;_—3
| SR |
Fiz. 1. The disgram of the test stand: 1 — test engive, 2 —elechic brake, 5 — foree connter, 4 —liquid res istor,

5 —brake sontelboard, & —rotation comder, 7 — fael tank, B — thermos bbe svs e wnth temperatire contral,
S —fie] filter, 10 —balance, 11 — fime temperatire meamies, 12 —joint fime collector

The 5-4003 tvpe engine was: fow-stroke with s Wignition and divect injection o a chardber
ina pistor, ecpuipped with rowed irjection purap P24TE-3a with regulator BEV20-120/740, as well
as injection devices WIS T2, 74 with five-hole sprarers DEL 150 .42,

Prior to the study necessary checks and appropriate regulations were made according fo
requirerne nts of a tral card.

Teats of the engine ererzetic parameters consisted in performing rmeasarements in ace ordance
to P for each of the studied fuel fypes, whick made it possible to collect data necessary for plot-
ting the outer welocity charac feristics withdn the range from mirdrarn o norwdinal rotational speed
of the engine.

The following paratveters were taken into account during meazure rments:

- rotational speed n,

— time for utilizing the fuel measwing doge ¢

— fhel density p,

— teraperature of exhaust gases at the collector outlet £

— power at the break P.

Electric heater was used to wanm up the rapeseed ol o ternperatores of 209 and 20°C. In
order fo minirnize the heat losses of the rapessed fuel the fuel reservoir was thermally isolated.
Diosimeter PG-200 with electronic scales TP-30B was nsed to measare the fiel ntilization. Fuel
toeasuring dose for raking the characteristics amounted fo 25z2.

Exhaust gases terperature was meammed in exhansting pipes of particalar cylinders, while
tean value was taken into account for result analvsis. The distance of the temperature probes
from the outletwabes was about 30 rom. Values of exhaust gases termperatores were read frorm the
e asurng mstrne nts mstalled i the measurerment cabin.

The following iterns were caleulated on the basis of the measured parame ters:

1. Morment of force Mo,

2. Effectrve power M,
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3. Homly fue] utilization &,

4. Unit fuel utilization ge.

Such physicochernical properties of rapessed oil as density and ~iscosity were alao defer
toited. Theses data ave presented in Table 1.

Table 1. Pl icochenical parameters of the used flels

Feseach fiel Viscosity [monidls] Density [kgfn]
JF 1 2 252
OFR 2 78 20
8] 235 20

Statistical processing of the achieved study results included energetic pararmeters variability
asgessrnent, analysis of significance of differences between these parareters values and the deter
toiration - bassd on cwrvilinear regre ssion analysis method — of the functional dependencies. The
inflnetice analysis of a bio-component addiion on energetic pararn eters was carried out by me ans of
ohe-way variance analysis (AHOWA) while the assesstent of significance of differences be tareen
the tested fuelsws. diesel oil was perfonmed applying the Tubke v's least square differe nees test (L5T)
at significance level of @ = 0.05.

RESULTS AND DIZCTTIEION

The influence of rapeseed oil supplying engine onits energetic paratneters was evaluated on
the basis of outer characteristics. Changes were corapared o those made for the engine fed with
the diesel oil. Study results are presented in Figure 2.
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Fiz. 2. Cnter charartens hies of 5 —40035 type engive fed anth the tested fhels
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The analysiz of the moment of force curves revealed that the rapeseed oil applied at warions
termperatares did not canse anysigrificant changes in the curves e nds wherease the decrease of the
roornent values for particular plant oils is apparent. The largest drope of the moraent walue s within
the whole range of rotational speed were recorded for rapeseed oil at 20°C, which armounted to 6%,
& lower decrease of the moraent of force for plant oil was obeerved at elevated terperatires - only
dhout 3%, Maxirrn maorment of force achieved by the engine fod with the tested fuels reached
the following walues: OR1 — 1759 Nra, OF2 - 1731 Nin, and OFR3 - 170.7 M. The relatnve
decrease of the moment compared to the diese] od (Figure 3) was 4.4% for “cold”™ oil and 2.78%
for “wanmed™ o1l

The analysiz of plant fnel power curves indicated that theiy conrse chavacter did not consider
dhly differ from those for diesel ol Lpplication of the tested rapeseed fuels cansed the decrease
of engine power that was most apparent at higher rotational speed walues. Howeser, these dropes
reached different values for particular fuel types. The largest power decrease was found for rape-
seed oil at 20°C (OR2), heating the vegetable oil resulted in lower drop in engine power. Heating
up the rapeszed oil contribated to the decrease of engine power drop, which was within the range
of 2.8-5.5%.

The maximum power reached by the engine when fed with tested plant fuels was as follows:
for OR1 — 37 kW, while for ORZ - 358 kW, Belatrve change of maximum power was 3.45%, for
DR and 7.08% for OR2 fuel.
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Fiz. 3. Felative chanze of ensrgetic parameters for 54003 fype enzine supplied with the tested fliels and
compated to diesel cal

Curves dlustrating the unit fuel utilization revealed that their character for rapeseed oil at
20°C differed from those for diesel oil. Tt was particularly seen at higher rotational speed walues of
the engine; abore 1600 rpen, the unit rapeseed fuels utlization increased more suddenly than for
diese] oil: for diesel oil frora about 1600 to 2200 rpra, the crease of wrat fuel ntilization was 322
gllWh, whereas for OR3, the increase was up o 423 g JEWh It is worth noticing, that unit fuel
utilization curve characteristics for rapeseed oil was of sirnilar shape as that for diesel oil ; howeser
all the walues were higher.

Dlivdranre it fuel utilization for the tested plant oils was the following: OF1 - 4072 2 7
EWh and OF2 — 4493 = [K'Wh B The relative changes in mirdraur anit fuel utilization saloes
were: 26.9% for OB2 and 15% for ORI

Curve s of hourly fuel ntiliza tion for the tested fuels were of sitnilar character as for diesel oil;
only their slight shift towards highervalnes, navnelsy at hizher rotational speeds, could be seen. Ap-
plication of rapeseed oils for supplying the engine resulted in the increase of average fuel utilization.
Iean fuel ntilization for the tested fuels was OR1 - 149 kg Thand ORY - 162 kg /h
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Linalyesis of exhavst gaszes terperature changes indicated that the deperdence course for
plant oils was sivailar to that for diesel oil, ondy their shift towards lower values was apparent. The
rnaxiraumm exhaust gases termperature when the engine was fod with rapeseed oil reached 5007 for
OF1 and 5847 for OF2. Relative exhausted gases terperatare changes amounted frorm 3% for
ORI to 3.01% for OFX fuel.

Statistical analysis of the results related to the irduerce of rapesesd ol teraperatare as a fuel
oh engine moment of force revealed that the changes in the latter ran with warions dynamics in
relation to diesel oil, 1.e. deferrined regression curves were not parallel (an appropriate statistical
test rejected the parallelism hypothesis). It was also found that power changes for the tested fuels
statistically differed frora those for diesel oil at the significance lesel of 0.05. Changes i mnit and
hioarlsyr fuel ntilization also significantly differed fro those for diesel oil at the significance lewel
of 0.05. On the other hand, changes of the exhausted gases termperature did not signific antly differ
frorn those for diese] odl at the significance lewvel of 0.05.

The regression models for raoment of force, urdt and hourly fuel utilizatior, as well as for
exhansted gases ternpe rature for the tested fuels were described with equations presented in Table
2, where also deterradnation coefficients B were given,

Table 2. Begression equatices for varid les calmilated on the basis of test results

. Ccefhiciert of
DEPHU:]EI; vanizhle PFuels Fegrassion aquatons deternunation
Rl
810} p==310wt+ 008+ 11457 05735323
Mo [Hm] OEL »r==310%p+ 00854+ 110,71 0561842
OF2 p=—310%x"+ 008450 + 1077 0971745
N »r=—& 10w+ 00382 0 — 14,482 0,59%401
He [ OEL p=—6 10" G+ 00362 n - 13,205 0999052
QF2 p=—& 105 A+ 00382 - 12,524 0,999124
81 p= 110" % — 00005 &' + 00259+ 527 49 0567711
ge [z I5Wh] OEL p= 4107 —00015 R + L4050+ 75,502 [.551001
815 p= 210" — 00006 -R"+ 01165 0+ 73074 0.565144
810} »=00111 % — 55855 [.5685241
Gp ke h OEL F=00131-r-68431 0527419
OF2 p=001777 12957 0518102
O p= 210 #0080 2 + 352,53 0,522791 4
T[] OEL p=-E10% 0 03285 0+ 1732 0953012
OF2 p=2 10w +0,1805 0 + 271,58 0.965451

CONCLUSIONS

Iazues related to bio-fuels, including rapeseed oil, utilization for engine supplying should
be considered taking into account the techrdcal ecological, econorical, and social aspects. The
present work focused onlyon one selected technical aspect of rapeseed application as a hio-fuel. Tt
resulted from econornical and social reasons. For farmers, rapeseed oil is a fuel whose produc ion
iz completed after the oil extrusion and filtration, it does not reguire any addiional devices and
chemicals, contraryto FAME production.
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The high wizcosifywalne of rapeseed oil is an important factor livaiting its use as a fuel [Bae-
zewski, Kaldofeli 2004, S=lachta 2002, Tye et al. 2003], because at 20°C it is dbout 12 fires higher
for rapeseed o1l than for diesel oil [Fiekarski Dmerdsze weki 2006]. Viscosity is a paratneter having
a significant influence on the work of injection devices and injecton process. Higher wiscosity
contribates to the spraving level decrease, thus large drops are formed and their range increases.
Mon-optiramn cormbustion condiions cause an increas: of exhanst gases producton and pene tra-
tion of the not-combusted rapeseed od to the lubricating oil [Cisek, Szlachkta 1996, Lotho 1994].
Lowering the viscosity of rapessed oil supplied to an engine, hence an improverent of injection
pararneters, can be achigved by its heating.

O the hasis of the performed tests and stodies the following coneInsions canbe draw:

1. Warming the rapeseed oil to 20°C makes ite viscosity decrease fo Srarecfs and density to

262 kgl 3. Lower wiscosity and dersity result in the apeored quality of fuel spraying
and a higher combustion process efficiency; which is reflected as an irnprovernent of the
engine s energetic parareters when fed with this type of fuel

2. otdies npon eneigetic pararete s of the engine fed with heated rapeseed oil revve aled bet-

ter feahures for plant oil warmmed to 20°C: an increase of the mazxivaurm moteent of force
byrabont 3%, power increase by abhout 43, decrease of urdt fuel utilization by about 11%,
and decrease of exhanst gases by shout 194,

Newertheless, further research into the detailed mechanisrae of the ahove-descrbed changes

I3 necessary
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WEE YW TEMPERATURY PALIWA-OLEIT REEPAKOWEGO NAPARAMETREY
ENERGETYCZNE SILNIKA

Streszemnde, W oarbdmle preed stavione winnki bad an cime analize wphan wiomh tenperahr clam rmapa-
kowrezo na patametry energetyrzne sibika Badama presprowradzono na silmlk typa 54003 zairstalow anym
na starowishy dynamometyemomn Ma podstavrie preeprovrad=orgch badan zachseparoarano wzost wastoio
momenh chrotowrego o okodo 2% oraz ooy o okodo 4%

Showra lhwerowe: biopalr s, oleg roslivmyy palera silykonare



