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The main problems to use straight vegetable adl fagl are its kinematic viscosity
and low temperature behaviour. If the viscositytde high, the oil can’'t pass the fuel
circuit. In previous investigations at the Biofuels Resed@horatory (Latvia University of
Agriculture) vehicles VW Golf 1.9TDi and MAN 19.464ere used as the study objects.
There were no problems in the vehicle operatiowanm weather conditions, but in winter
time, when the air temperature dropped below -18€ use of vehicles, especially starting
the engine, became problematical. As the kinemascosity is an indicator for low
temperature behaviour, this investigation deal# whe results of rapeseed oil flowability
tests in winter conditions depending on the amadinnixed fossil fuel. The blends with
5%, 10%, 25% and 50% fossil diesel fuel @hd 29 arctic classes) admixture were tested.
Besides kinematic viscosity the freezing tempertnd cold filter plugging point of each
blend was determined. Experiments proved thatHersmooth operation of diesel engine
under Latvian climatic conditions in winter timéiet rapeseed oil and fossil fuel blends
have to be used. Use of the second-class arctgeldfael for blends is better at lower
temperatures because it provides a lower viscaaity using 50% mixture the engine
operation is possible up to -30°C.

Rapeseed oil, diesel fuel, kinematic viscosityd fitier plugging point.

Introduction

The main problems to use straight vegetable odl sl are its kinematic
viscosity and low temperature behaviour. For mosgetable oils kinematic
viscosity is much higher than for diesel fuel.tlfs too high, the oil can’t pass the
fuel circuit. Heating is one of the possibiliti@sdnable engines to run on vegetable
oil. The low temperature behaviour is of importafmeengine cold start and low
load. In previous investigations at the Biofuelss&ach Laboratory (Latvia
University of Agriculture) vehicles VW Golf 1.9TOrebuilt to run on rapeseed oil
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with a one-tank system) and MAN 19.464 (rebuiltrdm on rapeseed oil with a
two-tank system) were used as the study objec®§. [Ihere were no problems in
the vehicle operation in warm weather conditiong, ib winter time, when the air
temperature dropped below <) the use of vehicles, especially starting the
engine, became problematical [3]. Besides the sisc@n important parameter
influencing usage of fuel in winter months is tloédcfilter plugging temperature or
point (CFPP, °C) [4]. CFPP is the highest tempeeatat which a given volume of
fuel fails to pass through a standardized filtnatitevice in a specified time when
cooled under certain conditions. This test gives emtimate for the lowest
temperature that a fuel will give trouble to frémaf in certain fuel systems. This is
important as in cold and temperate climate coumtaiehigh cold filter plugging

point will clog up vehicle engines more easily.

Literature analysis

Most of the companies that offer equipment to adegbticles to run on
vegetable oil, give some guidance to the choiamaf/ersion kits and vegetable oil
and fossil fuel blend proportions. As an exampk&dbmpanie&reen Bull Motors
GmbHrecommendations are shown in Table 1 [5].

Table 1. Recommendations oBreen Bull Motors GmbHor operating diesel
engines on vegetable oil.

1 lentek. “Green Bull Motors BmbH” firmos rekomendacijos wdio darbui
augaliniu aliejumi.

Diesel engines direct
injection SDI Bosch
VP37-VP44, Bosch VE,
Multijet, mechanical rotary
pump, TDI Diesel-Kiki,

Nippon-Denso or Zexel

Diesel engines with
prechamber and wirl
chamber, older engines

Vegetable | Fossil diesel
oil, % fuel, %

One-tank system in
100 0 summer or two-tank
system all the year

Two-tank system all the
year

One-tank system all the One-tank system in

50 50 summer or two-tank
year
system all the year
One-tank system in
30 70 One-tank system all the summer or two-tank
year
system all the year
20 80 One-tank system all the| One-tank system all the

year year

Unfortunately, these suggestions are very appraemao the use of
vegetable oil as a fuel at the specific climatiaditons requires for more detailed
studies.
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Analyzing the fossil and biofuel blend studies perfed in other countries,
Cold Filter Plugging Point and viscosity qualitysagance is highlighted as one of
the most significant factors in biofuel applicatiefficiency. For instance, in China
an artificial neural network model is establishedptedict CFPP of the blended
diesel fuels, using input parameters of kinematigstosity, density, refractivity
intercept, CFPP and weight percentages of constitdiesel fuels [6]. Most of
investigations in this field are carried out to estigate fossil diesel and biodiesel
blend properties. For example, in order to exghwet proximity of South Asian and
South-East Asian countries, blends of Jatropha Ralth biodiesel have been
examined in India to study their physical-chemigabperties and to get an
optimum mix of them to achieve better low tempemtproperties with improved
oxidation stability [7].

Very large-scale studies have been conducted ihuaitia where the
comparative bench testing of a direct injectiorsdieengine operating on ethanol,
petrol and rapeseed oil blends was performed [8l Of the purposes of this
research was to examine the effect of ethanol atlpaddition into rapeseed oil
(RO) on the biofuel kinematical viscosity. Addingto RO from 2.5 to 7.5% of
ethanol and petrol its viscosity at ambient tempegeaof 20°C was diminished by
9.2 to 28.3% and 14.1 to 31.7%, respectively. Heatip to the temperature of
60°C the viscosity of pure rapeseed oil, 2.5 — 7&¥anol-RO blends and 2.5 —
10% petrol-RO blends further was decreased 42-3.8 and 3.9 — 3.6 times.
The same authors investigated also diesel engiamtipg on rapeseed oil and its
blends with diesel fuel [9]. Experiments confirmibat mixing of RO with diesel
fuel improves filtration through a fine porous papéement and flow capacity for
blends with 25 to 75% admixture of diesel fuel @ases 1.7 to 11.8 times.

Purpose of the research and objectives

To ensure the reliable operation of the dieselrengsing vegetable oil as
a fuel for the entire year, but especially in wintane when the ambient air
temperature falls up to -25°C, it is important gvellop an optimum ratio rapeseed
oil and arctic diesel blends to be used as a fuglinter conditions. As vegetable
oil fuel use mainly depends on two key parametergseosity and CFPP
temperature, to achieve the target the followingkda were set for this
investigation:
e preparing of rapeseed oil and diesel fuel (up t#pbblends, using the"
and 2° arctic class diesel fuel;
e determination of the viscosity of blends at diffeéréemperatures and their
freezing temperature;
e evaluation of the CFPP changes depending on digsietontent in rapeseed
oil and diesel fuel blend.
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Subject and test methodology

The following rapeseed oil blends with fossil didsel were tested:
« rapeseed oil with 5%"0arctic class diesel fuel mix (in the following ta®
and figures marked with RO+5%D);
rapeseed oil with 10%"arctic class diesel fuel mix (RO+10%D);
rapeseed oil with 25%"arctic class diesel fuel mix (RO+25%D);
rapeseed oil with 50%"arctic class diesel fuel mix (RO+50%D);
rapeseed oil with 5%"2arctic class diesel fuel mix (RO+5%D2);
rapeseed oil with 10%%arctic class diesel fuel mix (RO+10%D2);
rapeseed oil with 25%%arctic class diesel fuel mix (RO+25%D2);
rapeseed oil with 50%?arctic class diesel fuel mix (RO+50%D2).

Determination of the cold filter plugging tempemr&CFPP was performed
according to the method of the standard LVS EN BI&:2002 at the Latvian
Certification Centre. Kinematic viscosity measuretseat various temperatures
were performed under field conditions. Viscosityswdetermined using a glass
capillary viscometeBITXK-2 (Figure 1) with a capillary diameter 2.37 mm.

‘H_ capillary

Fig. 1. ViscometeBITXK-2
1 pav.ViskozimetraBIDK-2

Viscometer consists of a U-shaped tube with a-ittapillary. Viscosity
determination method is based on a time measurewleen a fixed quantity of
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fluid from the reservoir flows through the capiffarThe timeT in which the
mixture flows through the capillary from the marki.léb the mark M2 was fixed.
Kinematic viscosity was calculated by the formula:

V=3 .T.K, (1)
9.807

where V — fluid kinematic viscosity, mfrs™;
K — viscometer constant, 3.124 msf;
T — fluid flowing time, s;
g — gravity acceleration, n¥s

Results and discussion

The mixture kinematic viscosity was determinedha winter time, when
air temperature reached -25°C. The measuremenitsese summarized in the
Table 2 and Figure 2. Freezing temperatures weterrdamed under laboratory
conditions, because outdoor air temperature wasomoenough to stiffen all the
mixtures.

Table 2.Viscosity and freezing point measurement results.
2 lentek. Klampos ir uz8alimo taSko matavimo rezultatai.

Rapeseed oil — Viscosity, mni s at Freezing

diesel fuel mix -9°C -15°C -19°C -24°C temperature, °C
RO+5%D2 265.28 345.31 frozen frozen -19
RO+10%D2 224.99 246.25 | 580.92 frozen -21
RO+25%D?2 119.37 122.19 191.24 | 981.13 -27
RO+50%D2 46.87 47.19 53.44 119.99 -31
RO+5%D 290.62 390.62 frozen frozen -19
RO+10%D 237.50 261.87 | 384.37 frozen -21
RO+25%D 134.37 143.75 160.84 790.77 -26
RO+50%D 59.37 59.06 79.06 200.94 -28

Experimentally was established that the kinemdscosity of rapeseed oil
have to be less than 1000 mst, because such viscosity allows rapeseed oil freely
flow through the fuel pipe with diameter 8 mm &s recommended bELSBETT
(rapeseed oil conversion kit producer) for usingorge-tank system. During
viscosity measurements it was determined that @ papeseed oil reached the
viscosity of 1000 mis® at -12°C, and, to operate a diesel engine at lower
temperatures, it is necessary to make rapeseahaifossil fuel blends. Adding
5% of arctic diesel fuel to rapeseed ail, the liofiviscosity was reached at -17°C.

Forming 10% and 25% blends unusual occurrence Wwasreed: mixed
with 0" arctic class diesel fuel rapeseed oil viscositgréi@sed more intensively
than in mixtures with the "2 arctic class diesel fuel. However, reaching the
temperature at limiting viscosity, the blend partare became equal providing
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1000 mm s* viscosity for 10% mixtures at -20°C and for 25%xmies at -24°C
(Figure 2).

1600 _
\ \ - !

1400 ! _l'l i ¥ Diesel fuel D2
:w 1200 1\ 5_% ??4|8 | — — Hapeseed ol RO
E R o,
E \[ Preferable \ 1 RO+50%D2
& 'on ity —2—RO+25%02
E 200 \ —3—RO+10%02
2 \ \_ —4—RO+5%D02
2 BOD 5—R0O+50%D
E \ f—RO+25%D
£ 400 7—RO+10%D0
=

200 \ 8—RO+5%D

0 \ T T T

45 40 3% 30 25 20 15 100 A

Temperature, “C

Fig. 2. Viscosity graphs of rapeseed oil and diesel flehds
2 pav.Raps aliejaus ir dyzelinj degal; miSiniy klampos grafikai

Measurements of mixtures with 50% of arctic diesakl blend
convincingly proved that the"2arctic class diesel fuel more effectively reduces
the viscosity of rapeseed oil and the engine ofmeras possible up to -30°C.

Determining the CFPP temperature for th&actic class diesel it was -
43°C, and for thearctic class diesel fuel -33°C. To clarify, at whemperatures
fuel filter is blocked, the CFPP measurements fendis were carried out (Table
3).

Table 3. CFPP measurement results.
3 lentek. CFPP matavimo rezultatai.

Rapeseed oil — diesel fuel mix CFPP temperature, °C
RO+5%D2 15
RO+10%D2 13
RO+25%D2 3
RO+50%D2 -20
100%D2 -43
RO+5%D 14
RO+10%D 12
RO+25%D 2
RO+50%D -10
100%D -33
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As it is seen from the results (Figure 3 and 4% @FPP temperature
change in dependence from the mixed fossil fuellarhis nearly linear, and in the
Latvian climatic conditions (except winters wheae tir temperature drops below -
20°C) it's possible to run diesel engines with 5@3énds without additional
heating.

+* 100 ~
a0 +
a0 -
70
A0 -
a0

400
v =-1.59544x +28.052

RE = 0.9806 20 -
10

I T T T T T T 1

-50 -40 -30 -20 =10 0 10 20

in fuel mix, %

Diesel fuel content

Temperature, "C

Fig. 3. CFPP temperature and diesel fuel content reldiiprfer rapeseed oil and
2" arctic class diesel fuel blends

3 pav. Raps aliejaus ir 2 klass arktinih dyzelinip degal; miSiniy CFPP
temperairos ir dyzeliniy degal kiekio sirySis

1
1':':-"' ==
S
T -
= 2
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g =
=
y = -2.0094% +31.972 i
R? = (.9954 0 A
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Temperature, °C

Fig. 4. CFPP temperature and diesel fuel content relationshipdpeseed oil and
0" arctic class diesel fuel blends

3 pav. Raps aliejaus ir 2 klass arktinip dyzelinih degaly miSiniy CFPP
temperairos ir dyzeliniy degal kiekio sirySis
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The difference is significant for mixtures with féifent arctic diesel fuel

classes. If the 50% mixture witli"&lass arctic diesel fuel without a filter heating
could be used up to -20°, then a 50% mixture witltlass arctic diesel — only up
to -10°C.

Conclusions

. In order to operate diesel engines using rapesiéad a fuel at air temperatures
below -12°C, rapeseed oil and fossil fuel blendseha be used.

. Adding 5% of arctic diesel fuel to rapeseed oik thmit of viscosity can be
lowered to -17°C, adding 10% — to -20°C, but ustb&6 blends — to -24°C.

. Use of the second-class arctic diesel fuel for didems better at lower
temperatures because it provides a lower viscasity using 50% mixture the
engine operation is possible up to -30°C.

. The CFPP temperature change in dependence fromixieel fossil fuel amount
is nearly linear.

. The CFPP temperature is not so much affected Istalrformation process, but
by the rapeseed oil large viscosity, which hampleesfuel filtration process.
So, to ensure the smooth operation of diesel engimder Latvian climatic
conditions, the heating of rapeseed oil and digsslblend before filtration is
necessary, because only by the heating a rapidcctieduin viscosity can be
achieved.
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RAPSJ ALIEJAUS IR DYZELINIY DEGALU MISINIY TAKUMO ZIEMOS
SALYGOMIS TYRIMAS

Reziung

Gryno augalinio aliejaus naudojimo vietoj mineralinlegal; pagrindires
problemos yra jo kinematin klampa ir kitos savys esant Zemoms
temperairoms. Jei klampa per didelaliejus negali teki degal; tiekimo sistema.
Ankstesni tyrimai, atlikti Biodegal tyrimo laboratorijoje (Latvijos Zeés ukio
universitetas) su automobiliais VW Golf 1,9 TDi MAN 19.464 parod, kad
Siltomis oro glygomis automobili varikliai veikia be problem Taliau Ziemos
laikotarpiu, kai oro temperata nukrito Zemiau -1, automobili naudojimas
buvo problemidkas, ypavariklio paleidimas. Siame darbe pateikiami raps
aliejaus ir jo miSinik su mineraliniais degalais takumo Ziemoslygomis,
priklausomai nuoimaidyty mineralinip degal; kiekio, tyrimy rezultatai. Buvo
tiriami miSiniai su 5%, 10%, 25% ir 50% mineralirdegal; kiekiu ( O ir 2 klags
arktiniy degat;). Be kinematias klampos buvo nustatyti ingmiSiniy uzSalimo bei
Salto filtro uzsikimSimo temperatos (CFPP) Eksperimentai parag kad norint
uztikrinti sklandy dyzelinio variklio darh Ziemos metu Latvijos Kklimato
salygomis, turi lti naudojami raps aliejaus ir mineralini degal; miSiniai.
MiSiniams geriau naudoti antros kéasarktinius dyzelinius degalus, nes esant
Zemoms temperatoms gaunama maZzesrklampa, o naudojant 50 % migin
variklio darbas galimas iki — 3C.

Rapg aliejus, dyzeliniai degalai, kinemaéin klampa, S$alto filtro
uzsikim3imo temperaia.

212



Wnmapc Hdykynuc, Ausapc bupkasc, ['matc bupsernc

VCCJIEJOBAHUE TEKYYECTH CMECEN PATICOBOT'O MACJIA U
JU3EJIBHOT'O TOIIVIMBA B 3UMHUX YCIIOBUAX

Pesrome

OCHOBHBIE TPOOJIEMBI TIPH HWCIOJIL30BAaHUHM PACTUTEIILHOTO Macia Kak
TOIUIMBA, CBSI3aHBI C €r0 KHHEMATHYECKOW BS3KOCTHIO W TIOBEICHHUEM NPU HU3KHX
Temreparypax. [Ipu ciumikoM OONBIION BA3KOCTH MAclio HE MOXKET IPOTEKATh
yepe3 cucteMmy TorUmBononayn. B JlabGopaTtopum wucciieoBaHus OHOTOIUIMBA
(JTaTBuiicKu#  CENBCKOXO3AHCTBEHHBIH  YHMBEPCHTET) PpEe3yabTaThl  paHHEE
MIPOBEICHHBIX HMCTBITAHUN Ha paricoBoM Maciie pabotaromux aBTomMoOmiren VW
Golf 1,9 TDiu MAN 19.464,moka3au, 4To HeT mpodIeM npu paboTe JABUTaTENCH
B TEIUIBIX ycioBUsX. Ho 3uMoii, koraa Temiepatypa Bo3ayxa ynana Huwke -10°C,
UCTIOJb30BaHUE aBTOMOOWICH, 0COOCHHO MyCK JBUTATEINICH, CTaI0 POOICMHBIM.

[enbto 3T0# paboTHI ABISLIOCH UCCIIEIOBAHIE TEKYUESCTH PAICOBOTO Macia
U ero cMecell ¢ MHUHEPAIbHBIM TOIUIMBOM B 3UMHHX YCIIOBHSAX. VcciiemoBaimch
cmecu ¢ 5%, 10%, 25%1 50% coxepxxannem MuHepanbHoro Toruuea (0-oro u 2-
Oro apKTHYecKoro kiacca). KpomMe KHHEMAaTHYeCKOW BS3KOCTH, OMPEACIISIIHACH
TeMIiepatrypa 3acThIBaHWS M TOYKA 3aCTOINOPUBAHKE XOJIOJHOTO (DWIBTpa ITHUX
cMeceil. DKCIepUMEHTHI IIOKa3ald, 4TO Ui HaleKHONH palOThl JU3CIBHOTO
nBurarens B JIaTBUMCKUX KIIMMATHYECKUX YCIIOBHSIX 3MMOM, HYXHO HCITOJIb30BaTh
CMECH paricoBOr0 Maciia U MHUHEpPAIBHOro TOIuMBa. [IpyM HH3KHX TeMmepaTypax
JUIE cMecell JIydllle HWCIONB30BaTh JHM3EIbHOE TOIUIMBO 2-0T0 apPKTHYECKOTO
KJIacca, TaK KakK JJOCTUTAETCs MEHbIAs BA3KOCTh. [Ipu ucronb3oBanuu 5S0%cmecH,
paborta nBuratens Bo3moxHa 0 — 30°C.

Pancosoe macno, ouzervroe monaugo, KuneMamuieckas 6s3K0Cb.
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