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ABSTRACT

The use of alternative fuels in diesel engines has been the subject of research that seeks
new fuels to expand the energy matrix. The aim of this study was to evaluate the
performance of the stationary engine with the use of mixtures of biodiesel from soybean
and castor bean added to diesel (S500) in two proportions (25% and 40%), evaluating the
torque, effective power observed and specific consumption. The five biodiesel mixtures of
soybean (S) and castor bean (C) analyzed were: S100C0, S75C25, S50C50, S25C75 and
SO0C100, which were added to the diesel in proportions B25 and B40, totaling ten
treatments, plus the control with diesel S500 (B7). The stationary engine was subjected to
the rotations of 3000, 2700, 2400, 2100, 1800 and 1500 rpm. The performance of the
engine was similar for all biodiesel mixtures of soybean and castor bean, and commercial
diesel (B7). The B40 S100C0 and B40 S75C25 provide better performance in terms of
effective power observed and torque at 2700 rpm. The highest effective maximum power
(3000 rpm) was obtained with the use of B7 diesel. In the lower rotations, it was possible to
identify a similar performance result of the biodiesel mixtures with the B7, in addition to

providing better torque and consumption performance compared to the commercial diesel.

INTRODUCTION

Most machines, currently used in agriculture, for
mobility or power generation, are equipped with diesel
cycle engines because of the efficiency they present.
However, the unavailability prediction of long-term of
fossil fuels and the emission of pollutants has stimulated
research on biofuels (Perin et al., 2015), mainly with
respect to environmental, economic, political, cultural and
technical aspects for agriculture (Ballesteros et al., 2014).

Among the biofuels, the biodiesel is an attractive
option for use in diesel engines, and can be produced from
oil sources, with the characteristic of being biodegradable,
renewable, non-toxic (Selvam & Vadivel, 2013),
presenting high energy density, compatibility with existing
engines, low NOx and SOx emissions after combustion
(Rashid et al., 2014) and less impact on CO, emissions in
relation to fossil derivatives (Chauhan et al., 2013; Zhou et
al., 2014).

The biodiesel has been used in diesel cycle engine
in combination with diesel, with soybean being the main
source used for its production, a factor that has stimulated
the investigation of the effects of the use of biodiesel from

other sources and percentages. Castellanelli et al. (2008),
for example, found that torque, power and specific
consumption were similar between B0 (diesel), B2, BS and
B10, and the best engine performance occurred with B20
and the worst with soybean B100. Nietiedt et al. (2011)
identified better potency and consumption with the use of
B10 and the worse with B100 compared to B5 and B20.

The biodiesel from soybean is one of the most
susceptible to oxidation, unlike castor bean biodiesel that
presents greater stability and, in mixture with the soybean,
promotes an increase in the resistance time to oxidative
factors (Carvalho et al., 2013). However, particular
physical-chemical characteristics of castor bean biodiesel,
such as high viscosity, make difficult to use this biodiesel,
and necessary to investigate the effects of this fuel on the
performance of internal combustion engines (Monteiro et
al., 2013).

Faced the need to reduce the dependence on the use
of raw material, currently concentrated in soybeans, and to
promote adequate insertion of oleaginous sources that
present restrictions on the mechanical performance of the
engine, as it is the case of castor bean biodiesel. The aim
of this study was to evaluate the performance of the
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stationary engine with the use of mixtures of biodiesel
from soybean and castor bean oil added to diesel (S500) in
two proportions (25% and 40%), evaluating the torque,
effective power observed and specific consumption.

MATERIAL AND METHODS

The study was conducted in a laboratory at the
Federal University of the S3o Francisco Valley
(UNIVASF), in Juazeiro (BA), located at an altitude of
368 m, which temperature of the test site was on average
27°C, in a controlled condition.

The biodiesel from soybean, obtained by methanol
transesterification with alkaline catalysis, used to evaluate
the performance of the engine in terms of effective power
observed, specific consumption and torque, was provided
by Granol (GO), while the castor biodiesel was
transesterified with the support of the Experimental
Biodiesel Plant of Caetés (PE).

919

The experiment was set up in a completely
randomized design, with six replicates, with one control.
The five mixtures analyzed resulted from combinations of
biodiesel from soybean and castor bean, being designated
by the symbol "SyCx", where "S" corresponds to soybean
biodiesel and "C" to castor biodiesel, whose concentrations
(%) are equivalent to "y" and "x" respectively. Thus, the
mixtures S100C0, S75C25, S50C50, S25C75 and SOC100
were added to the commercial diesel S500 (currently with
7% biodiesel, B7) to obtain proportions with 25% (B25)
and 40% biodiesel (B40), totaling ten treatments, plus the
control (B7).

The BX/SyCx mixtures were subjected to 3000,
2700, 2400, 2100, 1800 and 1500 rpm rotations for
stationary engine analysis. The quality control parameters of
the fuels used are shown in Table 1, as well as the limits
established by the National Petroleum Agency, Natural Gas
and Biofuels according to ANP Resolution n° 45 (2014).

TABLE 1. Specification of the fuel quality in terms of kinematic viscosity, oxidation stability and specific mass.

Kinematic viscosity at

Stability to oxidation

Specific mass

Mixtures 40°C [6 h] at 20 °C
(SyCx) [3-6 mm?s] (h) [850 - 900 kg m™]
(mm?s™) (kg m?)
B25 B40 B25 B40 B25 B40
S100C0 3.19 335 10.6 8.0 843 858
S75C25 3.31 3.70 7.6 6.5 853 863
$50C50 3.38 4.17 11.0 10.9 853 869
S25C75 3.49 4.66 19.2 17.3 860 871
S0C100 3.84 5.26 31.0 25.0 857 873
B7 3.03 35.0 838

For the tests of the engine performance, in terms of
effective power observed, specific consumption and
torque, an electric dynamometer was used, consisting of a
three-phase Negrini generator, with 36 kVA of power,
1800 rpm and 220 volts and a three-phase resistive bench,
in which a stationary diesel engine was tested, BD 10.0
model of the Branco brand, mono-cylindrical, 4-stroke,
direct injection of fuel and nominal power of 5.7 kW at
3000 rpm and 6.7 kW at 3600 rpm.

Triggered by the machine in test (engine), the
generator produced electric energy that was consumed by
8.64 kW three-phase resistive bench, connected to the
output of the generator, which allowed to determine the
power through the generated voltage and current.

The test procedure consisted of inserting the
BX/SyCx mixtures into the engine fuel tank, which
remained initially for 5 minutes at low speed for heating
and lubricating of the engine. After the heating, the engine
was subjected to maximum rotation of 3600 rpm,
condition in which it remained for 30 minutes. Then, the
resistive bench was connected and after 15 minutes of
stabilization the rotation (stabilized at 3000 rpm) was
measured with a digital tachometer ICEL TC 5030
(accuracy: = 0.05 + 1D); the voltage, with digital Minipa
Meter ET-2907 (precision: £ (0.3% + 10D); and the
generated current, with Minipa ET-3200A ammeter
(accuracy: £ (2.0% + 5D).

The volumetric consumption of the mixtures was
obtained with a volumetric meter, constituted by a
graduated burette, coupled to the power line of the motor
through a hose, according to Reis et al. (2013). The fuel

consumption time was measured with the KENKO KK
2808 digital timer.

After the measurements, the rotation was reduced to
2700 rpm, repeating the procedure described above for the
measurement of rotation, voltage, current and
consumption, and so on for rotations of 2400, 2100, 1800
and 1500 rpm. The test was repeated six times for each
mixture, removing all tested fuel contained in the engine
reservoir at the end of each test.

Based on the current and voltage data, the effective
power observed produced by the engine was determined
under the atmospheric conditions (Equation 1), according
to Kosow (1982).

EPobserved = \/§*V*I (1)
That,
EP (observed) - Power (Watts);

V- Voltage output, and

I - Output current (Ampere).

It is worth noting that according to the engine
manufacturer's catalog, for the ambient conditions above
305 m altitude, it has a loss of 3.5% in power and every
5.6 ° C above the standard temperature (15.6 ° C), it loses
1% of power.

The specific fuel consumption was determined
according to Mialhe (1996), from the values of mass of
fuel consumed, measured power and time (Equation 2).
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3.6%10°*C*p
EP observed

SFC= 2

that,
SFC- Specific fuel consumption (g kW' h'l);
C - Hourly consumption (mL s!), and
U - Specific mass (kg m™).
With the values of effective power observed and

rotation, the torque (Equation 3) was obtained, according
to Mialhe (1980).

— EPobserved * 974
rom

T

€)

that,
T — Torque (kgf m), and

rpm — Engine speed (rotations per minute).

The data were submitted to analysis of variance and
Tukey’s test was applied at 5% probability. In addition,
regression analysis was carried out to describe the
behavior of torque, effective power observed and specific
consumption as a function of the rotations.

RESULTS AND DISCUSSION

Significant differences were observed in the results
of effective power observed, specific consumption and
torque from the BX/SyCx mixtures and the operating
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regimes (rotations), as well as for the interaction of these
factors with each other.

The performance of the engine, from the effective
power observed, in relation to the rotations used (Figure
1), indicates an increase in power using the proportions
B25 and B40, according to soybean and castor bean
biodiesel mixtures (SyCx), similar to that obtained with
B7. In general, the effective power observed increases as
the rotation increases, reaching maximum value at the
maximum rotation imposed, corresponding to 3000 rpm,
regardless of the proportion of biodiesel (BX) or mixture
(SyCx) analyzed.

The increase in the castor bean biodiesel
concentration in the mixtures promoted reduction of the
maximum potency using the proportions B25 and B40
compared to B7 (Figure 1), so that these points are further
from the commercial diesel (B7) when using the mixtures
S25C75 (Figure 1D) and SOC100 (Figure 1E), with power
of 448 and 4.36 kW respectively, while the diesel
presented 5.30 kW of power (Table 2). The distance from
the curves, from certain ranges of rotation, was justified by
Castellanelli et al. (2008) as a phenomenon associated with
inefficient fuel atomization due to the higher viscosity of
biodiesel.

In this case, although all mixtures of biodiesel
from soybeans and castor bean and proportions of
diesel/biodiesel studied presented viscosity and oxidative
stability (Table 1) within the limits established by the
ANP, the increase of castor bean biodiesel concentration in
the mixture increases considerably the viscosity.
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FIGURE 1. Effective power curves observed as a function of engine rotation, using the proportions B25 and B40 with the
mixtures: (A) S100C0; (B) S75C25; (C) S50C50; (D) S25C75 and (E) SOC100 compared to the diesel B7 control.

For the maximum rotation (3000 rpm), the engine
had the highest effective power observed with the use of
B7 (diesel), followed by the use of B25 with 100% of
soybean biodiesel (S100C0), which presented a 2.5%
reduction compared to diesel (Table 2). There were
reductions in the maximum power values, with the use of
higher proportions of biodiesel added to commercial

diesel, which, according to Nietiedt et al. (2011), may be
related to the lower calorific value of the biodiesel. The
reduction of the energy power is related to the presence of
oxygen in the fuel molecule, which is a characteristic of
the biodiesel (Iscan & Aydin, 2012), which varies
according to the raw material used in its production
(Boldaji et al., 2011).

TABLE 2. Average of the effective power observed for the BX/SyCx mixtures as a function of the rotation, the overall average
of the effective power observed as a function of biodiesel types/proportions and variance analysis synthesis.

Effective power observed (kW)

Rotation (rpm)

BX/SyCx Mixtures 3000 2700 2400 2100 1300 1500 Overall average
B25 S100C0 517b 3.70 de 2.58¢f 1.68 ¢ 0.97 be 047 a 2.42 de
B40 S100C0 4.77 de 412 a 290 a 193 a 1.07 abc 0.54a 2.55a
B25 S75C25 498 ¢ 3.74 cd 2.72 cd 1.74 be 1.04 abc 0.48 a 2.45cd
B40 S75C25 4.84d 4.10 a 2.76 bed 1.85 ab 1.07 abc 051a 2.52 ab
B25 S50C50 4.98¢ 355e 2.59 ef 1.68 ¢ 0.98 be 0.46 a 237f
B40 S50C50 4.72 de 391b 2.85ab 1.86a 1.09 ab 0.55a 2.50 be
B25 S25C75 4.76 de 3.68d 2.80 abc 1.84 ab 1.11a 0.53a 2.45cd
B40 S25C75 4.69 e 3910 2.76 bed 193 a 1.08 abc 0.54a 2.49 be
B25 S0C100 436 f 3.66 de 2.71 cde 1.84 ab 1.10a 0.54a 237f
B40 S0C100 448 f 3.86 be 2.65 def 1.84 ab 1.05 abc 0.52a 2.40 ef
B7 530a 3920 2.68 def 1.73 be 0.96 ¢ 047 a 2.51 ab
CV% 2.59

Averages followed by same letter in column do not differ by Tukey test (p <0,05). CV: coefficient of variation (%).

In the rotations between 2700 and 1500 rpm (Table
2), with the proportions B40, the engine presented power
higher than or equal to that obtained with B25 mixtures,
considering the same mixture. In addition, all
diesel/biodiesel ratios containing biodiesel mixtures of
soybean and castor bean, regardless of the concentration
studied, present sufficient power performance, in the range
of 2400 to 1500 rpm, taking as reference the diesel, since
the power values are higher or equivalent to the B7, as
observed in the 1500 rpm rotation.

The binary mixtures with higher proportions of
biodiesel can promote good performance of diesel engine,
considering the increase in cetane number in mixtures
containing higher levels of biodiesel, which improves the
combustion of the fuel in the combustion chamber. In
addition, studies show that the engine presents better

thermal efficiency with the use of larger proportions of
biodiesel, which contributes to increase the performance
(Monteiro et al., 2013).

Among the mixtures tested, the ones that provided
the best engine power performance, on average (Table 2),
were the B40 proportions, containing 100% soybean
biodiesel (S100C0), followed by the S75C25 mixture, with
an equivalent power achieved with the B7 (commercial
diesel). The satisfactory result of B40 S100C0O and B40
S75C25 is linked to the higher power developed by these
fuels at below-peak rotations, with better performance
under these conditions compared to the commercial diesel.

Regarding the specific engine consumption, the
highest value occurred in the rotation of 1500 rpm,
independent of the BX/SyCx mixture (Figure 2).
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FIGURE 2. Curves of specific consumption according to the engine rotation, using the proportions B25 and B40 with the
mixtures: (A) S100CO; (B) S75C25; (C) S50C50; (D) S25C75 and (E) SOC100 compared to the diesel B7 control.

The increase in engine speed reduces the specific
consumption until it reaches its minimum value at speeds
of 2400 and 2700 rpm (Figure 2). From this point, the
increased rotation promotes

of the engine in the rotation of 3000 rpm, so that the
lowest value found in this condition was with the use of

B25 SO0C100, in comparison also with commercial diesel.
increase in

specific
consumption.

In the maximum rotation, where the engine
develops higher power, there is an increase in the specific
consumption for proportions with 40% biodiesel (B40),
mainly for mixtures with higher concentration of castor
bean biodiesel (SOC100) (Figure 2). On the other hand, the
increase of biodiesel of castor bean in proportions with
25% of biodiesel (B25) reduces the specific consumption

The lowest specific consumption (Table 3) occurred
with the use of B25 (S25C75, S0C100) and B40 (S100CO0,
S50C50 and SOC100) for the rotation of 2400 rpm and B7,
B25 (S100C0, S75C25 and S50C50) and B40 (S75C25
and S25C75) for the rotation of 2700 rpm. In addition, the
mixtures B25 SOC100 and B25 S25C75 presented lower
consumption in the majority of the rotations, which
contributed to a lower average consumption, equal to that
obtained with commercial diesel (B7).
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TABLE 3. Average of the specific consumption for the BX/SyCx mixtures as a function of the rotation, the overall average of
the specific consumption as a function of biodiesel types/proportions and variance analysis synthesis.

Consumption (g kW-'h')

. Rotation (rpm) Overall
BX/SyCx Mixturess 5, 2700 2400 2100 1800 1500 average
B25 S100C0 485 ¢ 354 cde 363 ab 408 a 504 a 734a 475b
B40 S100C0 503 be 361bed 355 ab 392 ab 476 cde 689 de 467 cd
B25 S75C25 491 ¢ 345 de 356 ab 395 ab 478 cde 698 bed 461cde
B40 S75C25 502 be 358 cde 362 ab 391 ab 480 bede 695 cde 464 ¢
B25 S50C50 451d 360 bede 365 ab 401 ab 495 abe 722 a 466 ¢
B40 S50C50 522 ab 370 abed 367 ab 398 ab 484 abed 676 ef 470 be
B25 S25C75 453 d 374 abc 369 ab 392 ab 468 de 668 fg 454 ef
B40 S25C75 518b 362 abed 367 ab 396 ab 484 abed 687 def 469 be
B25 S0C100 422 ¢ 383a 374 a 392 ab 462 ¢ 653 g 448 £
B40 S0C100 543 a 380 ab 375a 407 a 501 ab 718 ab 487 a
B7 459 d 340 e 349 b 384 b 481bcde 716abc 455 def

CV%

2.45

Averages followed by same letter in column do not differ by Tukey test (p < 0.05). CV: coefficient of variation (%).

The torque reached the highest values at 3000 rpm
(Figure 3). In this rotation, the commercial diesel (B7) and
the proportion B25, containing S100CO0, presented higher
torque, being verified reduction with the increase of castor
bean biodiesel in the mixtures. According to Monteiro et
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al. (2013), the density and the high compressibility of the
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FIGURE 3. Curves of torque as a function of engine speed, using proportions B25 and B40 with mixtures: (A) S100C0; (B)
S75C25; (C) S50C50; (D) S25C75 and (E) SOC100 compared to the diesel B7 control.

Compared to the fossil diesel, the biodiesel presents
higher values in the number of cetane (Lobo et al., 2009),
being higher for soybean than for castor bean. Thus, the
thermal efficiency and cetane number compensated for the
lower calorific value and higher viscosity of the B25
S100CO in relation to the diesel, maintaining the torque
similar to that of B7 at maximum rotation.

At the other rotations, for the SyCx mixtures under
analysis, the B40 tends to have a torque result greater than

or equal to that developed with B25 of the same mixture,
generally resulting in better performance of B40 (Figure 3).
In general, the highest torque was obtained with the
use of B40 S100C0O and B40 S75C25 (Table 4), whose
result is 3% higher than that developed by the engine with
the use of commercial diesel (B7). This is because the
mixtures cited have better performances than the B7 at
speeds below 3000 rpm, which influences the overall result.

TABLE 4. Average of the torque for the BX/SyCx mixtures as a function of the rotation, the overall average of the torque as a
function of biodiesel types/proportions and variance analysis synthesis.

Torque (kgf.m)

. Rotation (rpm) Overall
BX/SyCx Mixturesz 7, 2700 2400 2100 1800 1500 average
B25 S100C0 1.68 a 132 de 1.05 f 0.78d 0.53 be 0.31 bed 0.94 cfg
B40 S100C0 1.55 cd 1.48 a 1.18 a 0.89 ab 0.58a 0.35 ab 1.00
B25 S75C25 1.62 b 1.35 cd 1.10cde  0.80cd 0.56 abc 032abed  0.96 de
B40 S75C25 1.57 ¢ 1.48 a 1.I2bed  0.85ab 0.58a 033abed  0.99 ab
B25 S50C50 1.61 b 128 ¢ 1.05 f 0.78 d 0.53 be 0.30d 093 ¢
B40 S50C50 1.53 cd 1.41b 1.16 ab 0.86 ab 0.59a 0362 0.98 b
B25 S25C75 1.54 cd 133d l.14abc  0.85bc 0.60 a 0.34 abc 0.97 cd
B40 S25C75 1.52d 1.41b 1.12bed 0902 0.58a 0.35 ab 0.98 be
B25 S0C100 142¢ 1.32 de 1.10cde  0.85ab 0.59a 0.35 ab 0.94 fg
B40 S0C100 145¢ 1.39 be 1.07 ef 0.85 be 0.57 ab 033abed  0.95ef
B7 1.72a 1.42 b 1.09def  0.80d 0.52¢ 0.30 cd 0.97 bed

CV% 2.44

Averages followed by same letter in column do not differ by Tukey test (p < 0.05). CV: coefficient of variation (%).

Factor that also justifies the effects of improvement
in the efficiency of the engine operating with greater
proportions of biodiesel, comes from the reduction of the
friction of the moving and static parts of the engine, due to
the lubrication action that the biodiesel holds, when
compared with diesel oil (Fiorese et al., 2012).

Studies with biodiesel from castor bean using
mixtures containing 10 and 20% of biodiesel in mixture
with diesel, indicate viability, both for electric generation
and for mobility (Monteiro et al., 2013), because with the
use of these fuels the engines had similar or superior
performance to that obtained with diesel. The
concentrations of castor bean biodiesel in the mixture are
higher than those studied by other authors, but the B25 and
B40 mixtures of castor bean (S0C100) presented similar

results of similar power and torque, however lower than
that obtained with diesel (B7).

It was possible to identify that the performance of
the engine in the rotation of 2700 rpm is improved with the
use of mixtures B40 S100C0 and B40 S75C25, since it
obtained greater effective power observed and torque,
comparing with the other fuels tested, besides the specific
consumption is feasible, making these mixtures more
suitable for the operation of the engine in this operating
regime. In addition, they stand out when considering the
average result, providing average power, equivalent to the
diesel, and higher average torque, compared to diesel,
which makes them appropriate when considering the
average total performance.
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The agricultural operations in diesel-powered
tractors are usually conducted at lower rotations in a
working range between 1200 and 2100 rpm (Fiorese et al.,
2012), being below the maximum rotation evaluated in this
study (3000 rpm), which reinforces the results obtained in
the minor rotations, favoring the use of the mixtures used.
In this sense, Silveira et al. (2013) verified that when using
a no-tillage tractor set in no-tillage system in the range of
1500 to 2100 rpm, which the rotation of 1500 rpm
provides a reduction of hourly consumption in relation to
the maximum rotation, since it is influenced by rotation
and speed used in agricultural operations.

Thus, considering the rotation range of agricultural
tractors, the condition of operation (rotation) highlighted
by Silveira et al. (2013) and the results found in this study,
it was possible to identify that the proportions with up to
40% of diesel containing mixtures of soybean and castor
bean biodiesel present promising use.

CONCLUSIONS

The mixtures of biodiesel from soybean and castor
bean added to diesel in the proportions of 25 and 40% are
feasible for use in a stationary diesel cycle engine, which
performance curves are similar to those developed with
commercial diesel (B7).

Although the highest consumption in the rotation of
1500 rpm for all fuels (mixtures) under analysis, with
similar and decreasing behavior until reaching a minimum
value and then increasing behaviors from 3000 rpm, the
analysis of the consumption correlation with the
composition of the mixtures and operating conditions
(rotations) allowed to identify different minimum
consumptions for the mixtures in rotations in that interval.
For the rotations of 2400 and 2700 rpm, for example, the
lowest consumption for the B40 S100C0 and the B40
S75C25, respectively, is verified. In addition, the mixtures
B25 SO0C100 and B25 S25C75 presented lower
consumption in the majority of the rotations, which
contributed to a lower average consumption, equal to that
obtained with commercial diesel (B7).

The operating regime influences the results, so
mixtures of biodiesel of soybean and castor bean in the
proportions of 25 and 40% in mixture with the diesel
promote better or similar performance of the engine, in
relation to the B7, in the rotations below 2700 rpm. In the
rotation of 3000 rpm, the best performance of power,
consumption and torque is ensured by diesel.

On average, the B40 S100C0 and the B40 S75C25
provide satisfactory engine performance over diesel.
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