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ABSTRACT

Among the fuel sources used nowadays, biofuels stand out for being renewable and biodegradable. In this sense,
this work aimed to evaluate the performance and smoke opacity of an agricultural tractor in soil tillage activities,
depending on the biodiesel blends and the engine rotatiere used six blends of soy (S) and murumuru (M)
biodiesel and seven engine rotation speeds. The results showed a directly proportional relationship between the
drawbar power and the engine rotation decrease. Regarding hourly volumetric and weighted consumption, both
presented the same behavior: the lowest consumptions were reached when using the two highest proportions of
murumuru biodiesel, yet the highest specific consumption was obtained when using the 90M10S blend. Furthermore,
the lowest opacity was emitted when the tractor was fueled with the three blends having the highest proportions of
murumuru biodiesel. Blends with more than 80% of murumuru biodiesel promote lower fuel consumption than blends
with a higher concentration of soy biodiesel. Regardless of the biodiesel blend, the traction force at the drawbar is
directly proportional to an increase in the engine rotation speed. In smoke opexityres with more than 70%
murumuru biodiesel promote less opacity than mixtures with a higher concentration of soy biodiesel.
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INTRODUCTION consequentlypoor combustionThe development of
According to the International ErgrAgency (IEA biofuels for transportation has been based on converting

2019), a global energy transition is underway from fosdilant sugar into ethanol through fermentation and
fuels to renewable energy sources. In addition, thRPtimizing vegetable oils by transesterification (Guima-
transition could open up new growth opportunities foraesetal., 2018).

renewable resources, including biofuels, which could triple  Biodiesel is known by its several advantages such as
their consumption by 204@ccording to the 2019en- biodegradability and being made fully of biobased
Year Enagy Plan, biodiesel consumption in Brazil will growmaterials, high viscositjow explosion risks, low emission
94% by 2029. The Brazilian market consumed 5.86 billiofif particulate matteand complete combustion, furthermo-
liters of biodiesel in 2019, which will increase to arounde, since it has neither aromatic nor sulphur compounds,
5.53 billion liters, totaling more than 11.38 billion litersit causes less impact to the greenhouse effect gealr
consumed in 2024 (EPE, 2019). 2018).

Biodiesel has become important to compression- Diesel engines are essential to many transportation
ignition engines because it is relatively easy to producand agricultural activities due to theifieiency, durability
Vegetable oils, in their natural states, can be used as ftmique at low rotations. In agriculture, its use is
for internal combustion engines, but occasionally causmquestionable because of its strength, reliabHigher
increased damage (wear and tear) to the engine amatgue, anddngevity aside from its lower consumption
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and higher yield (efficiency), when compared to Otto cyclmanufactured by/altra (model BM 125i) and equipped
enginesAgricultural tractors are machines idealized tavith a turbochaged engine and intercooletx2 with an
perform various tasks, specifically related to soil anduxiliary front-wheel drive (FWD). The engine has a power
traction work, while attached to the different toolf91.9 kW (125 HP) at 2300 rpm, according to the ISO1585
available (Cutini & Bisaglia, 2016). standard (ISO 2010), and a total weight of 5400 kg with
Overall, engine operational performance is measurdillast, distributed between 40 and 60% for the front and
by the following variables: traction force, hourly fuelrear axles, respectivelin addition, it had a weight-to-
consumption, specific consumption, and traveling speepower ratio of 76 kg kWL (56 kg HP-1) and tires 14.9-26 on
The quantification of consumed fuel is extremely importarihe front axle and 23.1-30 on the rear axle, all with adequate
to estimate engine yield and evaluate tractor efficiendire pressure, as recommended by the manufacturer
(Damanauskaat al., 2015). The brake tractor used wagamet, model 18-4, 4x2,
According to data from EPE (2019) more than 60% ofith auxiliary front-wheel drive (FWD), engine power 82.43
the biodiesel produced in Brazil comes from $myvever kW (112 HP) at 2,400 rpm, the total weight of 7,310 kg with
with the increase in the price of this commodity in théallast, distributed 40 and 60% for the front and rear axle,
international market, producers have increasingly optedspectivelyand tires 14.9-28 in the front and 23.1-30 tires
for the export of their grain, putting at risk the productioon the rear axleAs its only function was to provide
of biodiesel. Therefore, researchers have sought to stuthynstant draw force to the drawbahis tractor was
a variety of potential molecules to produce new fuels @ttached by a steel cable to the test. This tractor engine
even improve existing ones, in order to develop vehicleemained off, in the combination of fourth gear (range L),
compatible fuel conversion technologies. and auxiliary front-wheel drive (FWD) activated, as to
In this sense, this work aimed to evaluate thebtain the necessary working speed and weight for the
performance and smoke opacity of an agricultural tractentire duration of the experiment.
in soil tillage activities, depending on the biodiesel blends Aiming at defining the highest technically-viable

and the engine rotation. traction force the test tractor could produce at the drawbar
we conducted a preliminary test called the pilot experiment,
MATERIALAND METHODS which consisted of scarification of an attached afea.

The experiment was conducted at the Biofuel anllarchesan chisel plgunodelAST/MATIC 7, with a total
MachineAssay Laboratory — BIOEM, of the Bioeggr weight of 1,400 kg and containing five rods 14-cm apart
Research Institute (IPBEN, FRAJNESP), Department of from each othemwith 8cm wide tips, with no “wings”, cut-
Rural Engineering at the State University of Sdo Paulaff wheels for each rod, automatic shutdown security
(UNESP), Jaboticabal Campus — S&o Paulo, Brazil. Tlsgstem and clod crushing roll&@he plow was regulated
area is located beside the Prof. Paulo Donato Castellasteit would work at a depth of 30 cm and 1.5 space/depth
Access Road, km 5, at the geographic coordinates w@ftio. The necessary traction force to perform this task
21°15' S, 48°18'W and an average altitude of 570 m. Theas about 23 kN and the 10% wheelslip.
region has an average annual temperature of 22.2 °C, The main test was divided into two parts. The first
average annual rainfall of 1.425 mm, relative humidity gbart (I) was conducted at field conditions to assess the
71%, and an atmospheric pressure of 94.3 kPa. The climatelumetric, weighted and specific fuel consumptions. For
according to the Kdeppen classification, is classified aslae performance test, the test tractor was attached to a
Cwa type, which stands for tropical humid with rainyload cell, wheelslip measureadar unit, data acquisition
summers and dry winters. system and a prototype of a fuel consumption megsurer

Six blends were used, each with different proportionss described by Lopes (200&)ter each test, all the
of refined soyGlycinemax L. Merr.) and refined murumuru  biodiesel not consumed was drained from the tanks, filters,
(Astrocaryum murumuru Mart.) biodiesels: S90M10, and tubes, therefore, avoiding the contamination of the
S80M20, S70M30, S10M90, S20M80, and S30M70, thiellowing test.
numbers indicating the percentage of biodiesel in the Volumetric fuel consumption (mL) was measured in
blend and the letters, the origin (S indicates the saach plot, by subtracting the total returned volume (found
biodiesel and M the murumuru biodiesel). The biofuelm injection nozzles and pump) from the total fuel supply
were processed and provided by the Cl@achnology at the entrance of the injection pump. Having this data,
Development Laboratory (LADETEL), University of S&owe could determine the hourly (volumetric and weighted)
Paulo (USP), Ribeiréo Preto Campus — S&o Paulo, Brazhd specific consumption&ll experimental plots were
in partnership with FCWUNESP 40-m long and spaced in 15 m from each other for

Two tractors were used in the experiment: the testaneuvers, machine traffic, and mechanized assembly
tractor and the brake tractoThe test tractor was stabilization At the end of each measurement, the entire

Rev CeresVigosa, v69, n.1, p. 001-006, jan/feb, 2022




Agricultural tractor performance fueled with proportions of biodiesel 3

supply system was drained to avoid contaminating thed = power at the drawha&\V;
following treatment. Furthermore, after substituting thg 9o = conversion factor

fuel, the engine remained on for ten minutes before the . )
beginning of the next test. Test Il was conducted in a motionless manpner

The experiment was performed in a completel?ccording to the free acceleration method of the NBR 13037

randomized design, in a 6 x 7 x 4 factorial scheme, totalif(é‘BNT’ _2001)' which consists of mai!ﬂtainihg the throttle
168 treatments. The combinations used were six differeifd Maximum gear for 3 to 5 seconds; herein the developed
biofuel blends (S90M10, S80M20, S70M30 S10MmogQPower is solely absorbed by inertia in the mechanical parts
S20M80 and S30M70), seven engine rotation speeds (1886'fhe engme. (Clutch, primary “tree” of the _gearbox).. _
1900, 2000, 2100, 2200, 2400 and 2600 rpm), and four The opacity measurements were taken in K (coefficient
repetitions with the test tractor working in the third gea?f light absorption), expressed in‘rnit. Was used a
of group L. partial flow light absorption opacimetesf Tecnomotor
Hourly volumetric consumption was calculated basefand, model TM 133, which is compatible with the
on the volume consumption and course time in each pi§fandards NBR 13037, Inmetro, CEE 72/306. The opacime-
ter was connected to the serial controller of brand

as shown in the following equation:
Tecnomotoy modelTM 616, which received the sensor

HVC = (M) %36 @gnals and converted them into a unit of measurement.

t Such equipment serves to export the converted data to
In which, computers by means of a serial connection, whose
HVC = Hourly volumetric consumption, Lth interface is the software called IGOR (TECNOMOTOR,
Fvs = Fuel supply volume at the entrance of the injectio%mz)'

This test was performed in completely randomized
o delineation 6 x12, totaling 72 treatments. The six different
Tvr =Total volume returned from the injection nOZZ|esolend proportions of biofuels used were the same used in
and pump, mL; test I, but only three repetitions were conducted, with
T = course time of plot, s, and; seven to ten replications eadit.the end of each plot,
3.6 = conversion factor the supply system was totally drained after each
measurement to avoid contaminating the following

To calculate the weighted hourly consumption, we
freatment.

considered the influence of fuel supply density and fuel
PPY y The data were put into tables and submitted to a

return density while testing, as shown in the foIIowing\;/ariance analysis and Tikey's mean comparison test

pump, mL;

equation: .
(at 5% probability), as suggested by Barbosa &
_(Sfv + Sfd - Rfv « Rfd Maldonado Junior (2015). In this stydye variance
WHC = T * 3.6 (2) ) )
analysis (F test) was used to select the equation model of
In which, the greatest significant exponent. For specific consump-

tion and smoke opacitye studied the suitable regression
adjustment model to explain the behavior of these
variables in relation to the biodiesel proportions.

WHC = weighted hourly consumption, kg;h
Sfv = supply fuel volume, mL;
Sfd = supply fuel densitkg m?;

Rfv = return fuel volume, mL; RESULTSAND DISCUSSION
Rfd = return fuel densifkg m3; There was no interaction between blends and engine
T = course time of plot, s, and speed for fuel consumption §ble 1). Regarding

biodiesel blends, there was a statistical difference of

5% in hourly volumetric consumption (HVC) and 1% in
Specific consumption was expressed in unit of masgeighted hourly consumption (WHC) and specific

by power unit required at the drawpas in the following consumption (SFC), with the lowest consumption in

0.0036 = conversion factor

equation: the blends 20S80M end 10S90M for HVC and WHC,
WHP and 90S10M for SFC (323,31 g kWhAccording to

SFC :( Pd ) * 1000 (BFioreseet al. (2015a), in agricultural engines, the highest

) fuel consumption is obtained when the engine is
In which, . . : . ,

- _ running close to its maximum capacity and with the

SFC = Specific consumption, g k\h accelerator fully depressed:; as engine speed decreases,
WHC =Weighted hourly consumption, kgth consumption also decreases.
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Reiset al. (2013) found similar results when evaluated Siqueiraet al. (2013) observed the same while studying
the use of soy biodiesel in a diesel engine with differeseveral blends of diesel oil (DO) and reusable soy oil (RSO)
electric-charge engine demand (500; 1000; 1500 and 20@Cevaluate the yield of an agricultural tractor; the higher
W). They observed an interaction between the electribe poweythe lower the specific consumption. Paetla
charges and found an increasing volumetric hourlgl. (2016) also found similar results when using diesel fuel
consumption with biodiesel concentration, and the appliethd soy biodiesel in agricultural tractors. The variance
charge was increased in the system. Relatively low calorifmalysis of rotation speed and specific fuel consumption
values, high viscositynd high density of biodiesel blendsindicated significant differences, besides a fuel and
may be the reason for small increases in specifrotation interaction.
consumption results, which is a parameter for comparing As seen iffable 1, there was a significant interaction
tractors, and the higher the consumption, the lower tlier drawbar powerwhich is why it was necessary to
energy conversion efficiency of the fuel (Behcet, 2011). analyze the factors through a further statistical breakdown

For engine speeds, all mixing results were statisticaltable (ble 2).
different and consumption increased as speed increased,Table 2 shows the biodiesel blend factor (lines) and
with less SVC and WHC at 1800 rpm and SFC betweedhe drawbar power as directly proportional to decreases
2000 and 2400rpm éble 1)According to Oliveira (2016), in engine rotation speed. Therefore, as the rotation speed
when studying the weighted consumption according tacreased the drawbar power also increased for all six
the type of fuel and the engine rotation speed, tH®Bodiesel blends, as engine-produced torque is duplicated
consumption of soybean and murumuru biodiesel wasd transmitted to the driving wheels, and then converted
the lowest for 1,800 rpm, but remained stable for 1900 aimto a tangential force to be made available to the drawbar
2,000 rpm. howevehigher revs are lessfieient due to  For Linareset al. (2006), besides pulling the equipment,
the higher energy expenditure, which occurs due to thiee produced torque is also used to overcome the rolling
increased friction between the mobile and stationamgsistance for tractor mobility
components of the engine and the reduced fuel combustion Fioreseet al. (2015b) observed that as the traction
time (Marquez, 2012). force increased, the drive axles was demanded more

Table1: Summary of the variance analysis and mean comparison test for the variables: power at the drawbar (kW), hourly volumetric
consumption (HVC), weighted hourly consumption (WHC) and specific consumption (SFC)

Factors Pd (kW) HVC (L h?) WHC (kg h?) SFC (g kwh?)
Biodiesel Blends (BM)
90S10M 43.40 1445 b 12.82 b 297.13 a
80S20M 42.17 14.38 b 12.73 b 303.42 ab
70S30M 40.98 1431 b 12.67 b 310.76 b
30S70M 41.54 14.65 b 12.85b 312.06 b
20S80M 36.38 13.38 a 11.24 a 310.43 b
10S90M 35.92 13.15a 11.55a 323.31c
Engine Rotation (ER)
2600 60.93 21279 18.86 g 310.32 bc
2400 49.86 17.09 f 14.82 f 298.26 a
2200 41.08 14.29 e 1253 e 306.30 ab
2100 37.52 13.09d 11.44d 306.39 ab
2000 33.65 11.77 c 10.29 ¢ 306.92 ab
1900 30.11 109b 9.54 b 31844 c
1800 27.31 9.95a 8.68 a 319.99 ¢
FTEST
BM 209.25** 20.46* 36.56** 15.97**
ER 2553.57** 702.57** 757.65** 10.05**
BMXER 2.34** 0.866° 1.00% 0.87
CV(%) 2.48 451 4.42 3.27
Mean 40.07 14.05 12.31 309.52

Means followed by the same letter in the columns do not vary between them, accordingTtkelys test at 5% probability**:
significant (P< 0.01); *: significant (P< 0.05); NS not significant; C:\toeficient of variation.
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Table 2: Statistical breakdown of the interaction between fuel type and engine rotation for the power at the drawbar

Biodiesel Engine Rotation (rpm)

Blends 2600 2400 2200 2100 2000 1900 1800
90S10M 65.92Ab 53.30Aab 44.32Aab  41.07Aab  36.16Aab 33.20Aa 29.84Aa
80S20M 63.29Ab 52.20Aab 43.19Aab  39.18Aab  35.83Aab 32.47Aab 29.04Aa
70S30M 61.96Ab 51.11 Aab 41.84Aab  38.51Aab  33.61Aab 31.25Aab 28.7Aa
30S70M 63.59Ab 51.79Aab 43.23Aab  38.93Aab  35.38Aab 29.88Aa 27.98Aa
20S80M 55.68Aa 45.85Aa 36.72Aa 34.07Aa 30.08Aa 27.26Aa 25.04Aa
10S90M 55.14Aa 44.91Aa 37.20Aa 33.34Aa 30.85Aa 26.63Aa 23.41Aa

Means followed by the same capital letter in the column and lower-case letter in the line do not vary between them, according to the
Tukey's test at 5% probability

torque, which is represented by a linear increasemissions when the 309VGnd 10S90M blends with 0.98
According toAlmeidaet al. (2010), in order to increase and 0.91 m were used, respectively gble 3).These
traveling speed, rotation speed must be increasea@sults indicate that the smoke produced by the murumuru
resulting in the reduction of engine torque and an increalsidiesel combustion is lower than that produced by the
in fuel consumption. In other words, from the 1500 rprgoy biodiesel, making the former a better opt®60%
range on, the torque reserve decreases, and the requgermbke emission reduction could be observed when
power at the drawbar and the fuel consumption increagemparing the highest opacity produced by the 90S10M
as rotation speed increases. blend, 1.51 m, in relation to the lowest, produced by the
According toTable 2, regarding all engine rotationgomM10S blend, 0.91 fa
speeds (columns) no significant differences for the The reduction in opacity is representative and
drawbar traction power were found. Siquetral. (2013)  favorable to the use of biodiesel because it does not
also found similar results when assessing the performangstain sulfuy containing free oxygen in the biodiesel
of agricultural tractors fueled with blends of diesel oilnolecule, which reduces the formation of fuel-rich areas
(DO) and reusable soy oil (RSO). In this case, the tractigfithe combustion chambeenerating greater performance
force was the same for all blends. Contraflguleetal.  qyring the diffusion of combustion, increasing combustion

(2016) worked with a Green Horse agricultural tractogficiency and reduced production of particulate material
(model 204) to find the performance curves of blends @Enjetal., 2010).

diesel and biodiesel in the proportions B2, B5, B20, and Ngpi et al. (2009) also found positive results when
B100. The interaction of fuel blends and rotation spe&gyrking with diesel and cotton oil biodiesel. These authors
was highly significant, confirming the performanceeported reductions of smoke opacity and engine power in
difference of the engine in relation to the rotation rate ang o, and 4.8% respectively when the engine was fueled
the blends used. . o ) with biodiesel and diesel. In contrast, Lirteal. (2014)

~ The results of the opacity emissions differeq,,,q 5 12 30 increase in smoke opacity when studying
significantly from each other (p < 0.01), obtaining lowef, 1, o (dende) biodiesel mixed with B S1800 diesel during

the break-in period of the engine. This can be explained by

Table3: Summary of the variance analysis and mean comparisé€ increase in lubricating oil viscosiaused by unwanted

test for the smoke opacity variable{m and contaminant reactions. Howewenen fueled with B100
Biofuel Blend (MB) Opacity (m-?) palm oil biodiesel smoke opacity reduced 35.12%.

90S10M 151d Yanget al. (2016) afirmed that the combination of
80S20M 132 ¢ isobutanol cooking oil and residue biodiesel is a promising
70S30M 137c¢ fuel alternative, which produces less smoke emission in
30S70M 0.98 a direct-injection engines. Thus, the absence of sulfur
20S80M 1.11b becomes an important advantage to biodiesel, since it emits
10S90M 0.91a no sulfuric gases, which are normally detected in the exhaust
FTEST systems of engines fueledtivdiesel oil (Reist al., 2013).

BM 121.28**

CV (%) 3.12 CONCLUSIONS

Means followed by the same lower-case letter in the column do not Blends with more than 80% of murumuru biodiesel

vary between them, according to thekey's test at 5% probability : : :
**: significant (P < 0.01); *: significant (P < 0.05); NS not significant; promote lower fuel consumption than blends with a hlgher

C.V: coeficient of variation. concentration of soy biodiesel.
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Regardless the biodiesel blend, the traction force tternational Enagy Agency — IEA(2019)World Enegy Outlook
the drawbar is directly proportional to an increase in the igig'onvzal'lable at: https:/iwwiea.og/. Accessed on: February
engine rotation speed. o . .
) ) ) Lima LP, LopesA, Oliveira MCJ, Neves MCT& lamaguti PS
In smoke opacitymixtures with more than 70% (2014) Biodiesel de dendé em trator agricola: opacidade da fu-

murumuru biodiesel promote less opacity than mixturesmaca em funcéo das condicGes de funcionamento do motor

. - - P Ciéncia & Tecnologia, 6:22-31.
with a higher concentration of soy biodiesel. g
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