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RURAL ENGINEERING

Performance of an agricultural engine using blends of diesel and ethanol

Desempenho de um motor agricola utilizando misturas de éleo diesel e etanol

Javier Solis Estrada” José Fernando Schlosser” Marcelo Silveira de Farias'
Fabricio Azevedo Rodrigues' Alfran Tellechea Martini' Gustavo Oliveira dos Santos'

ABSTRACT

This research evaluated the performance of a diesel
engine in an agricultural tractor, using Diesel S500 (B5) and
mixture with 3% (ED3), 6% (ED6), 9% (ED9), 12% (ED12) and
15% (EDI5) of hydrous ethanol. Variables evaluated were the
power, torque, specific fuel consumption, torque reserve, speed
reserve and elasticity index of engine. Results indicated that using
B5 and ED3 the values of torque and engine power not differ,
in addition, with the ED3 the fuel consumption was lower than
5.92%. Using ED12, power has reduced in 2.97%, compared with
BS5, while their fuel consumption had no difference. With ED15, the
power was lower 6.30% and the fuel consumption increase 3.77%,
both compared with BS5. Torque reserve value was increased with
increasing the ethanol content in B5, reducing the speed reserve
and elasticity index of engine. Ethanol in Diesel S500 (B5) can be
used as an alternative fuel in agricultural tractor engines without
presenting high changes in the performance, since the ethanol
content is at low percentages, up to 12%.

Key words: biofuel, diesel cycle, agricultural tractor, brake
dynamometer.

RESUMO

Neste trabalho, foi avaliado o desempenho de um
motor ciclo Diesel de um trator agricola, utilizando dleo Diesel
S§500 (B5) e sua mistura com 3% (ED3), 6% (EDG), 9% (ED9Y),
12% (EDI2) e 15% (EDI15) de etanol hidratado. As variaveis
estudadas foram: poténcia, torque, consumo especifico de
combustivel, reserva de torque, reserva de rotagdo e indice de
elasticidade do motor. Os resultados indicam que, utilizando B5
e ED3, os valores de torque e poténcia do motor ndo diferiram,
além disso, com o ED3, o consumo de combustivel foi 5,92%
menor. Utilizando ED12, a poténcia, em relagdo ao BS, teve uma

redugdo de 2,97%, sem diferenga para o consumo de combustivel.
Ja com o ED135, a poténcia diminuiu 6,30% e o consumo aumentou
3,77%, em comparagdo com o BS. Os valores de reserva de torque
foram incrementados conforme aumentou o conteudo de etanol,
reduzindo a reserva de rotagdo e o indice de elasticidade do motor.
A mistura de etanol no dleo Diesel B5 pode ser utilizada como
combustivel alternativo em motores agricolas, sem apresentar
alteragdes significativas no seu desempenho, desde que seja
utilizado até 12% de etanol.

Palavras-chave: biocombustivel, ciclo Diesel, trator agricola,
freio dinamométrico.

INTRODUCTION

Due to the increasing demand for energy, it
is clear that the non-renewable reserves are faded to run
out over time. The highest power consumption of the
world comes from oil and its derivatives (AGARWAL,
2007). Also according to the author, the use of biofuels
seeks to reduce dependence on oil, providing more
options to users at the scarcity of petroleum based fuels.

Among the proposals of alternative fuels,
the addition of ethanol in diesel oil has gained
attention, being its use in diesel cycle engines
stimulated (HANSEN et al., 2005). The use of
ethanol, besides reducing dependence on fossil fuel,
would help to reduce emissions of greenhouse gases
in the cycle diesel engine (RAHIMI, 2009).
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The addition of ethanol in diesel oil
causes in the latter physical and chemical changes,
noticeable reduction in cetane number, viscosity,
and flash point (LI et al., 2005). These modifications
change the characteristics of the fuel jet injected into
the cylinder, the quality of combustion, and emissions
of pollutants from the engine.

Such unwanted changes are minimized
with the addition of emulsifiers or co-solvents,
making the mixture homogeneous, improving its
physical and chemical properties (LAPUERTA et al.,
2007). Accordingly, biodiesel has been used as an
additive to improve the solubility of ethanol in diesel
oil (RIBEIRO et al., 2007).

In some countries, the blends of ethanol-
diesel are already marketed (ED) as fuel. In
Thailand, it is used 10% ethanol in diesel oil, and
in Australia, Sweden, and the USA, mixtures with
15% ethanol are used (HANSEN et al., 2005).
Regarding the addition of ethanol in diesel oil,
SHADIDI et al. (2014) stated that it can be added
up to 15% ethanol without the need for mechanical
changes in the engine.

Some research indicated that the use of ED
mixtures change the performance of the cycle diesel
engine, causing variations in the power and specific
fuel consumption. By adding ethanol in diesel fuel,
the power and the engine torque decrease and fuel
consumption increases as a consequence of lower
calorific value, cetane number, and delay in the
injection point (RAHIMI et al., 2009).

In this sense, the main goal of this study
was to determine the power, torque, specific fuel
consumption, torque reserve, speed reserve and
elasticity index of an agricultural engine using as fuel
diesel oil S500 (B5) and its mixture with 3% (ED3),

6% (ED6), 9% (ED?9), 12% (ED12), and 15% (ED15)
of hydrated ethanol.

MATERIALS AND METHODS

Diesel oil was used S500 (B5) and
hydrous ethanol from sugarcane, as fuels, and its
physicochemical properties shown on table 1. ED
mixtures were conducted at the site of the experiment.
The volumetric densities of the six fuels used BS5,
ED3, ED6, ED9, ED12, and ED15 are: 845, 844,
843, 840, 838 and 837kg m?, respectively, at 19.5°C
to room temperature.

The experiment was carried out using
a tractor Massey Ferguson brand, model MF 4291,
equipped with a four-cylinder Perkins engine
1104A-44T, 4.4 L of displaced volume, supercharged
by turbocharger with power and maximum torque of
77,2 kW and 400Nm, according to information from
the manufacturer under the ISO standard 14396.
Engine fuel injection pump is a mechanical rotary
one, Delphi brand.

Before starting the evaluations, the engine
was heated for 20 minutes. For this purpose, the
throttle was positioned at full speed, using an electric
dynamometer EGGERS, model PT 301 MES, and
a load was applied to reduce the engine speed until
the nominal. In addition, at each fuel change, the
engine was left running under load, so that residues
of the previous fuel in the injection system could be
consumed by the engine. The schematic representation
of the experiment is shown in figure 1.

With the same dynamometer used to warm
the engine, dynamometer experiments were performed
to determine the torque (Nm) and calculate the power
(kW) of the engine as a function of speed. In order to

Table 1 - Physical-chemical properties of the fuels used in the experiment.

Dieseloil (B5) S500” Ethanol
Ph - 6.0-8.0
Fusion point—Freeze -40-6°C -117°C
Initial boiling pointand boiling T° range 150 - 471 °C 77°C
Flash point 38°C 15 °C (closed vessel)
Vapourpressure 0.4 kPa at 40 °C 5.8 kPa at 20 °C
Specificmass 0.820 - 0.865 at 20 °C 0.8 (water at 4 °C=1)
Auto-ignition T° =225°C 363 °C
Decomposition T° 400 °C -
Viscosity 2.5x10% - 5x10° m*s™ a 40 °C 1.20x10°P.s a 20 °C
"With 5% of biodiesel.

Source: Petrobras.
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Figure 1 - Schematic representation of the experiment to obtain the parameters of engine performance (1. electric dynamometer,
2. flow meter, 3. agricultural tractor, 4. software EGGERS Power Control).

determine the fuel specific consumption - SFC (gkWh') of
the engine, it was used an EGGERS flow meter, model
FM3-100. Other variables calculated for each fuel used
were: torque reserve (AM), speed reserve (R.r.), and
the elasticity index (E.I.) of the engine.

Due to the fact that measurements were
performed on tractor PTO, a loss by transmission of the
engine was considered to a PTO of 8% (MARQUEZ,
2012). The correction of power obtained by the
dynamometer was carried out according to DIN 70020
(1986), by software EGGERS Power Control that
manages the use of the dynamometer and the flow meter.

Dynamometer experiments were
performed in the range 0f 2300 to 1100rpm, collecting
the performance values every 100rpm. Analyses of
results were made in engine speed range from 2100
to 1400rpm, where the speed torque and maximum
power are, for all fuels used.

Torque, power, and fuel specific consumption
of the engine were analyzed according to a factorial
scheme (6x8), from the interaction of six types of fuel
and the eight engine speeds analyzed. Three replicates
were performed, thus composing a completely
randomized design experiment. Statistical analysis was
done applying the Tukey test at 5% error probability. For
this, it was used the Sisvar software, version 5.3.

RESULTS AND DISCUSSION

Figure 2a shows the engine power curves
in relation to the speeds. In this figure, it is observed

that with the addition of ethanol to BS5, there is
a tendency of decreasing power as the ethanol
content increases. According to RAHIMI et al.
(2009), using ED mixtures in a diesel cycle engine,
a reduce performance, indicating that the addition
of oxygenates in diesel oil reduces engine power.
Other studies concluded that the lower stability,
density, calorific value, and the higher water content
of the mixture ED contribute to the reduction of
engine power (TORRES-JIMENEZ et al., 2011;
LAPUERTA et al., 2007).

Also in figure 2a, it was found that for
all the fuels used, the maximum power is achieved
at 2100 engine rpm. In this revolution, the highest
values were obtained with the engine using ED3,
B5, and ED6, where maximum power values
were 76.07; 75.92, and 75.46kW, respectively.
ED9, ED12, and ED15 showed a reduction of
the maximum power of 3.32; 3.74, and 7.53%,
respectively, compared to BS5.

Considering the eight speeds analyzed, it
can be seen in table 2 that for the variable power
the best result was obtained using B5, which did not
differ from ED3. Moreover, it is observed that up
to ED6 the decrease of the engine power was less
than 1%, in relation to B5. These results can be
explained by the presence of biodiesel in the diesel
oil S500 (B5), which acts as an additive, stabilizing
the ED mixture and improving its physical and
chemical properties (KWANCHAREON et al.,
2007; LAPUERTA et al., 2009).
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Figure 2 - Engine performance characteristic curves, a) power; b) torque and
¢) specific fuel consumption (SFC).

It is also observed in table 2 that when the
engine used ED12 and ED15, it had a power loss of
2.97 and 6.30%, respectively, when compared to BS.
In similar researches, using ED15, HANSEN et al.
(2005) and KASS et al. (2001) reported that the power
decreased from 7 to 10% compared with the diesel oil.

For variable torque, it is feasible to see in
figure 2b that the maximum values were found in three

different engine speeds, according to the fuel used. As it
increased the percentage of ethanol in B5, the maximum
torque speed is greater, being 1400 rpm for B5 (385.56
Nm) and ED3 (383.40 Nm); 1500 rpm for ED6 (382.32
Nm) and ED9 (374.04 Nm), and 1600 rpm for the ED12
(378.00 Nm) and ED15 (365.40 Nm).

The differences found in the maximum
torque speed are related to the stoichiometric
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Table 2 - Average values of the variables of engine performance and their variation (A), with respect to the BS.

Comb. Power™ (kW) A (%) Torque” (Nm) A (%) SFC” (g kWh™) A (%)

B5 68.25+0.18a 0.00 371.03+0.74a 0.00 226,97+1.94b 0.00

ED3 68.00+0.14ab -0.37 370.53+0.55a -0.13 213.53+11.74¢ -5.92

ED6 67.75+0.05b -0.73 368.82+0.47b -0.59 227.27+1.29b 0.13
EDI2 66.22+0.19¢ -2.97 360.09+0.64c -2.91 228.41+1.44b 0.63

ED9 66.11+0.28¢ -3.14 360.23+1,73¢ -2.95 230.20+0.91ab 1.42
EDI5 63.95+0.01d -6.30 347.67+£0.41d -6.29 235.54+0.32a 3.77

"Means followed by the same letter in the column do not differ by the Tukey test at 5% error probability.

ratio of the fuel, since the addition of ethanol to
B5 increases the oxygen levels in the combustion.
It is possible to state that the maximum torque of
speeds had the best ratio of consumption of air/fuel
according to the mixture used.

In table 2, for torque, it appears that the
average values using B5 and ED3 did not differ. Using
EDI12, the torque was 2.91% lower (10.80 Nm) in
relation to B5. ED15 had a reduction of 6.29% (23.36
Nm). Reduction in values can be explained by the
lower cetane number and calorific value of ethanol
compared to diesel oil, which affects the quality of
injection and combustion. According to CHEN et al.
(2009), the cetane number of the mixture ED decreases
linearly with increasing percentages of ethanol.

For the engine torque reserve (Table 3),
it is clear that its value increases as the percentage
of ethanol is higher. By using the ED15, values were
increased 23.55% as compared to the value obtained
with the B5 (12.74%). Also in this table, it is observed
that the speed of the engine reserve and elasticity
index were increased as the percentage of ethanol
decreased. According MARQUEZ (2012), the
average value for the speed reservation in agricultural
tractors is 33.8%.

Table 3 - Average values of the variables: torque reserve (AM),
speed reserve (R.r.) and elasticity index (E.I.) of the

engine.
Fuels AM (%) Rur. (%) E.L
B5 12.74 33.33 1.69
ED3 11.74 33.33 1.68
ED6 12.50 28.57 1.58
ED9 13.18 28.57 1.58
EDI2 15.01 23.81 1.51
EDI5 15.74 23.81 1.52

The specific fuel consumption curves of
the engine are shown in figure 2c. In this figure, it
is noticed a tendency of increase in consumption
values when the ethanol content is incremented in
the ED mixture, except when the engine used ED3
because the lower fuel consumption values were
found. With ED3 the lowest value was 199.15g
kWh! at 1400rpm, while the highest consumption
values were obtained using the EDIS5, reaching
247.36g kWh! at 2000rpm.

Results indicated that for all the fuels used,
the lowest specific fuel consumption was obtained
between 1400rpm and 1600rpm, which is the same
speed range where the maximum torque values were
found. For the specific fuel consumption (Table 2),
it was found that when compared with B5, the ED3
had a reduction of 5.92% on consumption. With this
mixture, it was noticed the highest fuel economy.
The values obtained with B5, ED6, and ED12, had
no statistical difference. Although with EDI15, the
increase was 3.77% compared to B5.

In experiments conducted by
RAKOPOULOS et al. (2008), the authors reported
an increase in specific fuel consumption by increasing
the percentage of ethanol in diesel oil in turbocharged
engines using ED5 and ED10. According to HANSEN
etal. (2001), using ED10 in tractors and self-propelled
grain harvester engines, the fuel consumption increased
by 4 to 5%, in relation to diesel oil.

CONCLUSION

The ethanol in diesel oil S500 (BS) may
be used as an alternative fuel for agricultural tractor
engines, without presenting great changes in the
performance, since the ethanol content is at low
percentages, up to 12%.

It can be considered that the best results
were found when using ED3, since this fuel was
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obtained with the lowest consumption values,
without providing difference in the values of torque
and power of the engine when compared with B5.

There was an increase in engine torque
reserve when the ethanol content in B5 was higher;
however, the result did not mean a benefit in engine
performance since this increase was due to a
decrease in engine reserve speed, also reducing the
elasticity index.
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