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OPTIMIZATION OF ON-FIELD TESTS EXPERIMENT FOR EVALU ATION OF
TRACTOR UNIT'S FUEL CONSUMPTION

Summary

The effect of dehydrated ethanol and rapeseed inestgr additives to diesel fuel on engine fuelstonption has been
experimentally investigated. The used average dgp#t8 kW) tractor was driven by unmodified dirénjection
(combustion chamber consists of a dished piston) églinder, two-cycle diesel engine D21A1. Multiqmonent fuel
blends were prepared by adding 5 and 10% (v/v}tudrl as well as 30 and 50% (v/v) of biodiesel E3kb diesel fuel
obtained from Mazeikiu Nafta Petroleum Refinery @any (Lithuania). During the on-farm tests tractorfuel
consumption data range varied at the margin of edepending on the used type of fuel. In orderdl@esthis problem
the decision was taken to attempt to find the aptinrmumber of test drives by using of statisticatleting on the basis of
the mathematical theory of experiment. The ushisfriethod is advised when there is a large nuroberterdependent
factors which influence the final result.

OIITUMM3AIUA DKCIIEPUMEHTA OIIPEJAEJEHUA PACXOJA TOIIJIMBA
TPAKTOPHOI'O ATPEI'ATA HA ITOJIEBBIX UCIIBITAHUAX

Pesiome

B smoii cmamve npedcmasnenvl pe3yismanmul 0emaibHO20 AHAIU3A GIUSHUSL 000ABOK IMAHONA U PANCOBO-MEMULOB020
aupa (PMD) na pacxod moniuea npu ucnelmaunuu mpakmoproz2o azpezama 18 xkBm mowmnocmu, xomopwiii 6bin
000pY008aH HEMOOUPUYUPOBAHHBIM UEeMbIPEXYUTUHOPOSbIM OuselbhbiM Osuzamenem D21AL ¢ xamepoil ceopanusi ¢
NPAMBIM 61PLICKOM (C 21y6OKOU 8bleMKOTl 6 nopuine). MyTbmukoMnoHeHmuble MONIUBHBLE CMeCU ObLIU NPULOMOGICHDL U3
30 u 50% no ob6wemy 6uoousenvnozo monauséa u 5-10% Oecudpuposannozo smanoira 8 OuU3CALHOM MONIUSE,
nocmasasiemvim us HII3 «Maoiceiixio nagpma». Ha nonesvix UcCnvlmanusix pacxoo monauea mpakmopHo2o azpezamad
4acmo Koebancs 6 npedenax nopeuHoOCmuy IKCRePUMEHMd, 3a8UCUMO OM MONAUSHOU cmecu. Imobbl uzbecams 5moeo,
ONbIM  CNJAAHUPOBAH COAACHO CMAHOAPMHOMY HAAHY C pandomuzayuell e2o0 moueK, HpeOCmasieHbl YCi08Us
NAAHUPOBAHUSL DKCIEPUMENMA U KOOUPOBAHUSL MATPUYbI MPEXYPOBHEB020 NIAHA.

1. Introduction 2. Objects and methods

Two oxygenated biofuels (biodiesel and ethanoljeha Accomplished experiment planning of 18 kW capacity
received intensive attention as potential altemeafiiels for  tractor unit comparative fuel consumption dependeo
heavy duty diesel engines due to their renewakdpeuty three parameters: tractor unit operating spéganaximum
and reduction of fossil CQdischarge which most probably traction force resistancR,, and maximum traction power
contributes to the global climate changes [1]. Bisdl- Ppa. A short-term on-farm test was carried to collect
ethanol-diesel (BE-diesel) is a new form of biofikénd experiment data needed for mathematical calculatién
from renewable material that has energy values eoafgle  loosening of stubble was performed using T-25A ttlac
to those of fossil fuels and has superior lubricitgd unit fuelled with fuel blend 70%MD+30%RME with 5%
environmentally friendly characteristics [2]. Ircemt years, ethanol additive. A typical*3plan, represented in the form
the influence of biofuels on diesel engine fuelsiamption  of a Latin square [6, 7].
has attracted many researchers’ interesting [2-4]. Basic data and coded designati&n3) are presented

in the table 1 and table 2. All calculations weezfgrmed

On the basis of these assumptions a scientifiotingsis  using a standard methodology (table 3) [6; 7] with help
was formed that the use of ethanol additive in mihe of computer programs Statistika 6.0 and Excel 2003.
diesel and RME blends would allow achieving theirFollowing dependence of comparative fuel consunmptio
combustion characteristics close to pure minerasali It analyzed parameters was deduced:
was decided to assess the possibility to use three-

component fuel blend made of mineral diesel (MD),y = g04- 296 25X - 48, T+ 1,Z+ 37B0x. (1)
rapeseed methyl ester (RME) and 5-10% of etharpir(E According to data, presented in the table 2, eqoadf

heavy duty transport means driven by unmodifieceair . .
LS ; . o comparative fuel consumption dependence on selected
injection (combustion chamber consists of a dishistbn) factors can be written in a coded form [6];

diesel engines. Thus ensured a more complete fealb
combustion in engine cylinders is related with the
shortening of ignition delay time [5]. Y =g +Xglx+X alxOx+ alxOdx0y. ()
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Table 1. Levels of variable factors

Factor Coded L FacI:_tor levels L Variation
designation o_vlver o_vi/er o_vlver interval
Vg, tractor unit operating
speed, m/s X1 1,2 1,3 1,4 0,1
Ry, maximum traction force x 78 79 8.0 0.1
resistance, kN 2 ’ ' : '
Prae Maximum traction
power, kW X3 9,3 9,8 1,3 0,5
Table 2. Conditions under which experiments werfopmed
Test Calculated paramete Multiplier &
No. X1 X2 X3 X1X2 X1X3 XaX3 X1X2X3 Y;
1 -1 -1 -1 1 1 1 -1 Y &
2 1 -1 -1 -1 -1 1 1 Y &
3 -1 1 -1 -1 1 -1 1 Y EY
4 1 1 -1 1 -1 -1 -1 Y a
5 -1 -1 1 1 -1 -1 1 y &
6 1 -1 1 -1 1 -1 -1 y %
7 -1 1 1 -1 -1 1 -1 Y &
8 1 1 1 1 1 1 1 & EY
Table 3. Uncoded designation
Test Calculated paramete Multiplier g
No. X1 X2 X3 X1X2 X1 X3 XoX3 X1X2X3 Y;
1 1,2 7,8 9,3 9,36 11,16 72,54 87,05 231 s
2 1,4 7,8 9,3 10,92 13,02 72,54 101,56 230 , 128D
3 1,2 8,0 9,3 9,60 11,16 74,40 89,28 230 12580
4 1,4 8,0 9,3 11,20 13,02 74,40 104,16 231 2506
5 1,2 7,8 10,3 9,36 12,36 80,34 96,41 232 7803
6 14 7,8 10,3 10,92 14,42, 80,34 112,48 231 1287
7 1,2 8,0 10,3 9,60 12,36 82,4( 98,89 232 2501
8 1,4 8,0 10,3 11,20 14,42 82,4( 115,36 232 2501
Calculated Student criterion, , o5., = 2.365 [6, 7]. 2
. o . oo = 2325
Following to a standard methodology we identifidthtt >
meaningful coefficients are,aa, and a (see table 3). After S 232 - -
comparing their values with  Fisher criterius *é \ [
F5¢ =1.53846zZ we arrive at a conclusion that model is 2 2315 v
2 /
adequate [6; 7]. This can be written as [6]: 8 231 i\
[} [
< 230,5
Y =231.125+ 0.625%; + 0.378x [l . 3) 0 .
T 230- -
Encoded equation (3) assumes a final approacligdpp g 299 5
to describe a comparative fuel consumption inflirnc S ' 0 '2 4 '6 g

factors: Traction force resistance, kN

Y =604~ 296.2%Y, - 48.759R + 1.2% + 37FOR. (4) ——Experimental- - # - - Theoretical

Figure 1 gives a calculated data of 18 kW capacit)'/: ig. 1. 1.8 KW' capacity _tractor unjt comparat_ive fuel
tractor unit comparative fuel consumption dependeoi consumption dependence on maximum traction force
maximum traction force resistance, compared witfiasm resistance
test results.

Calculation data dispersiarr0,204. This investigation
also showed that deduced equation strongly relies o On-farm tests [8] were performed working with taac
chosen variables and adequately describes traatdr uof 18 kW capacity (see Fig. 2). Experiment perfainie
comparative fuel consumption estimated during thdaom  four different working speeds (four gears) at 1,B6-f&n/s.
tests [6, 7].

3. Results and discussion
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Comparative fuel consumption identified at variableine

loads.

11

IPC-AWP

5

Fig. 2.Scheme of equipment used for tractor unit fuel comgion measuring: 1 — tensometric wheel rod; @et €onsumption gauge,
3 — time meter, 4 — electronic integrator EMA-PM;-%vheel rotation, skid and traction sensors, Gpe for feeding fuel to pump,
7 — high pressure fuel pump; 8 — fuel reflux pipe; fuel supply valve, 10 — temperature meter, Jeleetronic weighing—machine

IPC-WP

Tractor unit operating speed and slip of the dgvi
wheels was fixed with the help of wheel rotatiomssms
across the length of field, the total distance 60 5m.

Traction force resistanceR, was identified using a

tensometric equipment: 1,5-3,0 t traction catenand

EMA-PM register. Fuel consumption measured viatra
volumetric gauge, integrated into diesel engine hhig

pressure fuel pump supply system. Results werealted
when measuring a weight of volume with fuel befarel
after experiment with the help of electronic wateqs
scale IPC-WP (class IP65, error +0,5 g). Reseaiitth tive
same type of fuel and engine load was repeate8l fones
according®” plan.

During the on-farm tests comparative fuel consumompt

rates were achieved (see Fig. 3). Established fue

consumption of 18 kW capacity tractor unit workiag
maximum tractor’s traction forcB,., and nominal engine
revolution speed under the same conditions withenaih
diesel, RME and their blends with ethanol additiVest
drives were performed while loosening stubble byk¥8
capacity tractor. Soil moisture in the stubble wi&s%,
hardiness — 810 kPa.
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Fig. 3. 18 kW capacity tractor unit comparativel foensumption
dependence on traction force resistance. Basicstygfefuel:

1 - MD, 2 - 70%MD+30%RME, 3 — 50%MD+50%RME; 1‘, 2,
3' — basic types of fuel with 5% ethanol additiv; 2, 3“ —
basic types of fuel with 10% ethanol additive

The lowest comparative fuel consumption of theduse
ctor unit was achieved at average revolutioredpd the
engine’s crankshaft (1200-1600 mjnand at full load,
often near the maximum torque mode. It was estadiis
that the highest comparative fuel consumption was
achieved when the engine operated at high frequemcy
crankshaft revolutions and at slimed down enginadlo
During the on-farm tests it was established that th
optimum amount of ethanol to the basic fuel was &%
tli1e amount of biodiesel in the MD/RME blend — 30%.

This three-component fuel blend did not influentieel
decrease of diesel engine capacity but determined f
consumption economy of 4,0-8,5% compared with basic
fuel of the same type. During the on-field testswis
established that the lowest fuel consumption atimam
traction force of 18 kW capacity tractor unit wadD —
211+4 g/kwh, 706MD+30%RME - 22&5 g/kWh.
Having enriched 70%MD+30%RME blend with 5% E
additive fuel consumption in its numerical valuel diot
differ much from the ones obtained by operatingpomne
MD.

The proposed fuel blends are expedient to usénen t
areas especially sensitive to environmental paoltuti
(forestry, ecological farms, etc.). The recomendacte-
component fuel blend can be used in part in puldizan
transport and navigation.

4. Conclusions

1. The use of statistical modeling on the basis of the
mathematical theory of experiment strongly relies o
chosen variables and adequately describes tracior u
comparative fuel consumption.

2. It was established, that having added 5% of ethanol
basic fuel 709%MD+30%RME, economic characteristics
of a diesel engine were analogous within the t@age
of loads as operating on pure mineral diesel.
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(combustion chamber consists of a dished pistoa) ar and their blends with mineral diesel consumption
not required to use this type of fuel. anglysis fuelling tractors of small and averageacip.

3. Using of 5% ethanol additive to the basic typesue, Journal of Research and Applications in Agricultura
oxygen content in its chemical composition influedic Engineering, 2005, vol. 50 (1), pp. 45-48.
combustion process positively by reducing of fuel[4] Fernando S., Hanna M.: Development of a novaiflue|
consumption. blend using ethanol-biodiesel-diesel microemulsions

4. Using of 10% ethanol additive to the basic typefuef EB-diesel, Energ. Fuel, 2004, vol. 18, pp. 16853170
is not recommendable due to uneven engine operation [5] Raslavéius L., Mark3aitis D.: Research into three-

component biodiesel fuels combustion process uaing

References single droplet technique, Transpor2007, vol. 22,

No. 4, pp. 312-315. [ISI Web of Science].

[1] Jevk P., Dubrovin V.O., Sediva Z.: Existing standards[6] Arrerxos A. B., lankun C. B., 3apy6un B. C.: MeTos!
and the need for liquid and gaseous alternativés fue  onrummzanuu. M.: Uza-so MI'TY um. H. D. Baymana,
standards. Journal of Research and Applications in 2001, 44Cc.

Agricultural Engineering, 2005, vol. 50 (2), pp-30. [7] Yepnopyukuii U. T'.; MeToabl ONTUMH3ALMHA B TEOPHH

[2] Shi X., Yu Y., He, H., Shuai S., Wang J., Li:R. ympasienus. CI16.: [Tutep, 2004, 256.

Emission characteristics using methyl soyate-ethano[8] IToropensiii, JI. B.: UHKxeHepHbIE METOABI MCIBITAHHUS
diesel fuel blends on a diesel engine, Fuel, 2005, -censckoxo3siicTBennbix Mamun. Kues 1981, 174 c.
vol. 84, pp. 1543-1549.

L. Raslavicius 90 LJournal of Research and Application in Agriculture Engineering” 2009, Vol. 54(2)



