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Abstract

In this study, the principal objective is to compare the performances of an air-cooled one
cylinder, four-stroke direct injection diesel engine using the blends (5% by volume B5, 10%
by volume B10) of diesel and biodiesels de-rived respectively from palm oil, castor oil and
raphia sese De Wild oil with pure diesel. All the biodiesels used in this work come from the
plant species of the democratic republic of Congo as listed above. The engine performances
(power, torque and brake specific consumption) at different engine speeds were determined at
both full and partial loads. According to experimental results, the increments in the power
output and torque when the mixtures of diesel and biodiesels were used and were observed.
On the other side, the specific fuel consumption of the mixtures is higher than that of pure
diesel although the calculated lower heating values are almost within the same range for the all
studied fuels. Finally, in partial load 1/1, pure diesel blended withbiodiesels B5 derived from
castor oil presented high specific brake consump-tion values compared to the other fuels while
B10 from the same oil presentslow brake specific consumption values for power greater than
3.2kW.
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1. Introduction

The energy accessibility is the first challenge of this century. More forms of re- sources are used to
produce energy. However, the environment pollution due tothe usage of fossil fuels is the main
problem that must be solved for these dec- ades. Many scientists propose a diversification of the
energy production by using raw vegetable materials that are renewable and sustainable [1] [2].
Among them, biodiesel can be produced and used in the compression ignition engine in re-
placement of traditional diesel. We note that these fuels have similar physico- chemical properties
with the fossil fuels [3] [4].

Compared to the spark engine, the diesel engine produces more pollutants during the
combustion of its fuel even though its high compression ratio leads toa good thermal yield [5].
Carbon dioxide (CO), carbon monoxide (CO), Nitro-gen oxides (NOy), Hydrocarbons (HC)

and fine material particles (PM) are the important pollutants resulting from diesel engines [6]
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(71181 [9].

To propose an alternative solution, the transesterification reaction can be used to produce
biodiesel from vegetable or animal oils. Many authors studied the performances of the internal
combustion engine fueled with biodiesel and de- scribed its combustion characteristics [10]
[11]. Biodiesel presents more advan- tages than the fossil diesel. It is a renewable energy
resource, less toxic, biode- gradable and products less pollutants during its combustion [12].
Luka et al. no-ticed the introduction of biodiesel, even in small amounts, leads to the reduction
of CO and NOy at different speeds of a diesel engine fueled with neat biodiesel made from
rapeseed oil and their blends (B25, B50 and B75). The presence of oxygen in the biodiesel
chemical structure was found as the main contribution of this reduction [13]. Indeed, the biodiesel
chemical structure has an effect on the exhaust emissions. In addition, the combination of the
chain length (number of carbon) and the unsaturation degree of fatty acid methyl esters has an
importantrole in the NOx emissions [14]. Even, the emissions of CO, total HC, volatile or-ganic
fraction and soot increased with the chain length, as related by the same author. While using
pentanol blends to diesel and biodiesel, at different ratios, in a single-cylinder direct injection
diesel engine; the soot formation increased with the pentanol addition. Therefore, the NOy
emissions were reduced. The same behavior was detected for the exhaust containing oxygen
atom such as CO andCO; [15].

Furthermore, biodiesel presents disadvantages, for having a weak energy ca-

pacity. It is noticed that this fuel is less favorable to cold flow due to its high vis- cosity that
contributes to the volatility properties during its combustion [5].

To improve these disadvantages, several researches were carried out with var- ious types of
biodiesels [16] [17]. The main solution proposed by many authorsis a blend of this product with
the traditional fossil fuels in many proportions. So, the abbreviations of B5, B10, ..., B100 are
used to show the amount of bio- diesel in the mixtures [7].

Compred to biodiesel, the combustion characteristic of ethanol-biodiesel

blends (BE5) in a 4-cylinder direct-injection diesel engine presented a higher brake thermal
efficiency (BTE) and leaded to the reduction of NOy and particu-late emissions [7]. The author
concluded that by increasing the proportion of ethanol in the blends, the HC and CO emissions
could increase.

The specific fuel consumption and the brake thermal efficiency of a low heat rejection diesel engine
(Mercedes-Benz/OM364A) were improved by using bio- diesel produced from sunflower oil and
the determination of the exhaust gas temperature were performed and showed that this parameter
was increased be- fore the turbine inlet for the studied fuels [18]. In the same way, the usage of
biodiesel in in-line 6 cylinders, intercooled, turbocharged diesel engine at high altitude improved
the increase of the brake specific fuel consumption (BSFC) and the volumetric brake specific fuel

consumption. According to the previous parameters, the brake thermal efficiency was slightly
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higher while using dieselthan biodiesel [19].

To predict the brake power, torque, specific fuel consumption and exhaust emissions of a 2
cylinders-RD270 Ruggerini diesel engine, running with biodie-sel obtained from waste vegetable
cooking oil of a restaurant, the neutral net- work design was used. The results showed that the
brake specific fuel consump- tion of the fuel blends (B10, B20, B30, B40 and B50) compared to
diesel (BO) is very similar. However, the increasing fuel blend percentage leaded to a mild in-
crease of the brake specific fuel consumption. The variations of the power and the engine torque
per the engine speed were very similar for the all studied fuels [20].

The emissions characteristics of a diesel engine operating on biodiesel and biodiesel blended with
ethanol and methanol showed that the increasing of the alcohol amount in the fuel decreased the
emissions of NOx and PM. However,HC and CO emissions could increase and the brake thermal
efficiency could slightly reduce by the use of more than 5% of alcohol in the blends [7]. In the
same way, a delayed start of combustion and lower combustion duration are ob- served for
biodiesel-methanol blend compared to neat biodiesel fuel in four cy- linder in-line turbocharged
direct injection diesel engine [21]. The authors showed that the addition of 10% of methanol
improved the increasing of the thermal efficiency by 4.2%.

To determine the proportion between biodiesel and diesel for compression ignition engines, the
main injection and the atomization properties related to the quality of ignition were measured.
The authors noticed that the blends from B2to B30 present satisfactory properties for their usage
in diesel engines. This study was based on the soybean ethylic biodiesel [22].

The effect of biodiesel addition on the diesel engine characteristics showed a slight deviation of
the engine torque, power, brake specific consumption, ex- haust gas temperature and CO-CO,
emissions in function of the engine speeds. The biodiesel used was produced from Hazelnut
soapstock and waste sunflower oil mixed in equal volume and tested on a 4-cyminders indirect
injection diesel

engine [23].
It is noticed that the preheating vegetable oils have a good effect on the oilsphysicochemical
properties such as their density and their viscosity and then, on the combustion. This seems to
present a benefit on the utilization of vegetableoils as fuels in internal combustion engines (for
example in a diesel engine) [24]. This study aims to investigate the performances of a single-
cylinder diesel en- gine using blends of diesel with biodiesels derived from palm oil, castor oil and
raphia sese De Wild oil respectively with pure diesel. The measurements of theengine
performances for different engine speeds at full load, on the one hand, and at constant speed
for the partial loads on the other hand are improved re-

spectively.

2. Materials and Methods
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Materials

The engine used in this study is a mono-cylinder and direct injection diesel en-gine cooled by

air. The mechanical characteristics of this engine are presented inTable 1.
The experimental setup is composed of a modular test bench for single-cylinder
engines CT 159 containing a universal unit of braking and drive HM 365 con- nected to the engine

test CT 151. The all experimental setup is presented in Fig-ure 1.

The test setup was connected to the computer via a command unit. The soft- ware allowed the
acquisition of all the experimental data during the experiments. It is noticed that the unit HM 365
is used for starting the diesel engine CT 159. This compression ignition engine is connected to the
brake composed by the unit HM 365, used such as a screw-locking device.

The principal parties of the experimental are presented in Figure 2, as below. During the tests, a
basic module CT 159 is used to measure the fuel consump-

tion and the requirement in air for combustion. The control panel included dig- ital display
panels allowed to indicate the air consumption and the ambient, fueland exhaust temperatures.

Table 1. Mechanical characteristics of diesel engine [25].

Engine type Hatz 1 B20-6
Number of cylinder 1
Weight Approximately 30 kg
Bore 69 mm
Stroke 62 mm
Displacement 232 mm3
Power 1.5 Kw
Compression ratio 21:1

71

Basic module CT 159 gun

i oW

Universal unit of braking
and drive(HM 365)

Measuring tube for
fuel consump

Diesel engine (CT 151)
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Figure 2. Principal parts of the experimental setup.

The connection between the diesel engine and the brake is assumed by a V-belt standard
SPA 1250.

The fuels used in this work, are obtaining by blending the fossil diesel with different biodiesels
produced from palm oil, castor oil and raphia sese De Wildoil [3]. The different fuels used in
this work were obtained by a transesterifica- tion reaction as described in our previous paper [3].
Two types of fuels are used, B5 and B10 for each produced biodiesel.

Table 2 illustrates the physicochemical properties of the fuels used in this study.

Table 2. Properties of diesel and blend diesel/biodiesel fuels [3].

Properties Uni Method Die B5 B5P B5 B10C B10 BI10
ts sel C R P R
Density at 15°C  kg/ ASTM D4052 08 08 0816 085 0.820 08 0.85
L 495 16 33 19 58
Kinematic mm  ASTM D445 3.9 3.7 32 40 45 41 4.2
viscosity at 40°C ~ 2/g
Total sulfur % ASTM D4294 00 01 0.042 00 0153 00 0.0
content 43 21 62 79 5
Lower Heating MJ/ Boite-a- 45, 45, 4531 45. 45.27 45, 45,
Value kg outils/calculer-pci 30 28 30 29 30
Copper strip - ASTM D130 la la 1la la la la la
corrosion
Flash point °C  ASTM D93 70 72 75 74 68 69 67
Cloud point °‘C  ASTM D97 -5 -16 -17 -18 -11 -11 -9
Cetane number - ASTM D976 48. 49 51 50 50.2 50.  49.
5 8 5

The lower heating values presented in Table 2 were calculated by using the on-line software
proposed by total. Two values are needed to do this calculation: the density at 15°C and the total
sulfur content [26].

Methods

The method used in this study consisted on the measurements of each mechani-cal parameter
(brake specific consumption, power and torque) at different speeds. Each test was repeated
five times to improve the reliability of the expe-rimental data. Two modes were used, the full
load and the partial one for the characterization of the diesel engines in the range of speed
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between 1500 and 2800 rpm.

. Results and Discussion

The results presented in the following figures are obtained from the average of the
experimental data at each speed and for the full load and at constant speed for the partial load.
First, the engine was fueled by the fossil diesel and then, B5 were used. To complete the
experiments, B10 were used to fuel the engine in thesame conditions.

Full Load

Full load is defined as the stress that an engine can overcome without a reduc- tion in speed.
In full load, the engine is connected to a test rig at an operating temperature and with fully
activated injection pump using a braking device. In this case, the largest possible quantity of
fuel is made available. The values de-termined over the entire speed range under different
loads are the basis for the curve progression of torque, power output and specific fuel
consumption.

Figure 3 illustrate the single-cylinder diesel engine performances fueled by the blend of
different biodiesel (raphia, palm and castor) with the fossil fuel. For these experiments, 10% of
biodiesel was mixed with 90% of fossil diesel by vo-

lume. The obtained fuels are called B10.

Figure 3(a) shows that the castor oil biodiesel blends to diesel (B10) presents a higher
power at all the range of the experimental engine speed; then the palm biodiesel (B10).
However, at low speed, the palm diesel presents high power than the fossil diesel that shows the
same characteristic at high speed compared to palm oil biodiesel. Finally, the raphia biodiesel
presents the lowest power at high speed compared to the previous fuels. Indeed, the same
behavior is observed, asillustrated in Figure 3(b), where the engine torque is function of the
speed en- gines. It is noticed that the percentage of biodiesel in mineral diesel does not af-fect
the engine power and torque in the range of BO to B50 [20]. However, a slight decrease in
engine power and torque was observed when blending the mineral diesel with rapeseed oil
biodiesel (B25, B50 and B75) and this is due tothe lower calorific value of biodiesel fuels
[13]. It is related that the power andtorque engines of a 4-cylinders diesel engine fueled with
the biodiesel producedfrom sunflower oil are higher than that obtained from fossil diesel from
1200 to 2800 rpm [18] [23]. The results presented in the two Figure 3(a) and Figure 3(b)
agree with the latest results presenting in literature. Furthermore, the bio- diesel chemical
structures confer to the blended fuel different properties due tothe degree of unsaturation of
fatty acid methyl or ethyl esters [14]. Then, the percentage of biodiesel in the mineral diesel
has a good effect on the engine power for all the range of speed, but there is a slight decrease
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or torque at highspeed [23]. In this study, the determinations of the chemical composition of
dif-ferent fuels were not performed.

The brake specific fuel consumption (BSFC) of the blended fuels increases with the engine
speed as related in literature [7] [18] [19] [20] [23] [27]. The re-sults presented in Figure 3(c)
are in a good agreement with the main results found in literature. However, the brake specific
fuel consumption of a 4-cylinders turbocharged indirect diesel engine fueled with a blend of
jatropha biodiesel with butanol and diethyl ether decreased as the engine speed was in-
creased from 1000 to 1500 rpm. The authors attributed this phenomenon to the increased
atomization ratio. They related that after 1500 rpm, the inverse phe- nomenon is observed and
they attributed it to the decreased volumetric effi- ciency during high speeds [11]. All the
studied fuels present high value of the brake specific fuel consumption according their low
calorific value due to the presence of biodiesel except for the pure diesel as shown in Figure
3(c).

It is noticed that at high speed the castor and the palm biodiesel (B10) presentthe same value
where the raphia biodiesel and the fossil diesel have a same value. However, the fuel
consumption of pure diesel is lower compared to the others for all the experiment speed
range.

Figure 4 illustrate the single-cylinder diesel engine performances fueled by the blend of
different biodiesel (raphia, palm and castor) with the fossil fuel. For these experiments, the fuels
used were prepared by blending 5% of biodiesel and 95% of the fossil diesel. The obtained fuels
are called B5.
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Figure 3. (a) Relationship between Engine power and engine speeds fueled with pure di- esel
compared to B10 of Raphia-biodiesel, Palm-biodiesel and Castor-biodiesel; (b) Rela- tionship
between Engine torque and engine speeds fueled with pure diesel compared to B10 of Raphia-
biodiesel, Palm-biodiesel and Castor-biodiesel; (c) Relationship between The brake specific fuel
consumption and engine speeds fueled with pure diesel compared to B10 of Raphia-biodiesel,

Palm-biodiesel and Castor-biodiesel.
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Figure 4. (a) Engine power corresponding on engine speeds fueled with pure diesel compared to
B5 of Raphia-biodiesel, Palm-biodiesel and Castor-biodiesel; (b) Torque corresponding on engine
speeds fueled with pure diesel compared to B5 of Ra- phia-biodiesel, Palm-biodiesel and Castor-
biodiesel; (c) Specific fuel consumption cor- responding on engine speeds fueled with pure diesel
compared to B5 of Raphia-biodiesel, Palm-biodiesel and Castor-biodiesel.
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Therefore, there is a slight change in the engine performances while decreas-ing the biodiesel
amount in the fuel.

The palm biodiesel B5 present more power than the other fuels for all the range speeds. It is
followed by the castor biodiesel, then the pure diesel. The ra-phia sese De Wild biodiesel (B5)
presents low power as depicted in Figure 4(a). However, there is a slight decrease of the
released engine power according to the percentage of biodiesel in the studied fuels. Again, at
high speed, all the fuels present the same value of engine power in taking into account the
experimental error. These results agree well with those presented in literature [4] [13] [18]
[28].

According to the results obtained and presented for B10, B5 are in good agreement by
considering the engine torque at different engine speeds, as related in Figure 4(b). It is noticed
that for BS from palm biodiesel, the engine devel- oped high torque values for the all studied
range of engine speed. Therefore, from 1800 to 2000 rpm, for the B5 containing castor
biodiesel, the engine torque is constant and increases after this range of speed. In their work on
the fuel con- sumption and emissions from a diesel power generator fueled with castor oil and
soybean biodiesel, Valente et al. didn’t notice this behavior [28]. In our case, this phenomenon
can be attributed to the engine mechanical characteristics. How- ever, others investigations must
be done to improve this behavior according tothe literature results [28].

For the brake specific fuel consumption as illustrated in Figure 4(c), it de- creases of the all
blended fuels. This situation is improved by the decreasing of the biodiesel amount in the fuels
that affect the calorific value. For B5, the lower heating value is higher compared to B10.

The comparison between the performances of the single diesel engine fueled with pure
diesel and pure diesel blended with 5% (B5) by volume of biodiesels derived from palm oil,
castor oil and raphia sese oils (Figure 4). We observed that the curves have practically the
same trends compared to that presented for B10 (Figure 3). But, the power output and the
torque for the blends of pure di- esel and raphia sese De Wild biodiesel are lower than for the
three others fuels. We note that the three types of mixtures don’t present the same chemical
com- position that affects their combustion, as related in literature [27]. However, the brake
specific fuel consumption of pure diesel remained low compared to the blended fuels for the
all full load studied cases.

Partial Load

For this type of measurements, the setup allowed to make the experiments at constant speed

and under various loads of the engine. The availability of a suffi-cient amount of data makes it

possible to establish performance characteristics for the engine when the pump admits the

maximum quantity of fuel (full load) and then, the half quantity of the maximum (partial load
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1/1). In this study, thepartial load 1/1 was used due to the experimental setup.

The following Figure 5 present the results obtained, for the studied fuels, in these
experiment conditions.

In partial load 1/1, the variations of specific fuel consumption versus the en- gine power are
shown in Figure 5(a) and Figure 5(b). The specific fuel con- sumption of the pure diesel and pure
diesel blended with biodiesels increases with the power for B5 palm, B5 raphia sese De Wild but
decreases for B5 castor. The same observations were made for B10.

Imtenan et al. noticed that, the BSFC of their all studied fuels decreased as the
engine speed was increased from 1000 rpm to 1500 rpm. They attributed this behavior to the

fact that the increasing of the atomization ratio can be responsi- ble for such decrement. In
addition, they noticed that the increment of BSFC af-ter 1500 rpm can be attributed to the
decreased volumetric efficiency during the higher speeds [11]. In our case, as depicted in
Figure 5(a) and Figure 5(b), we
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(b)
Figure 5. (a) The changes of specific fuel consumption according to engine power outputin
partial load 1/1 when the engine is fueled with B5 of the three biodiesels compared to the
gasoil; (b) The changes of specific fuel consumption according to engine power out- put in
partial load 1/1 when the engine is fueled with B10 of the three biodiesels com- pared to the
gasoil.

note that B5 and B10 from the castor oil biodiesel blended to the fossil fuels, the BSFC decreases
with the increment of the engine power at partial load 1:1 at constant speed. For the other fuels,
the BSFC increased with the increment of the engine power as shown in full load. For the first
case (castor oil biodiesel/diesel), we can attribute this behavior to the blended fuel composition
that can affect the atomization rate as well as the fuel-air mixing rate, compared to Imtenan et al.
study [11]. Therefore, it seems to be important to determine the chemical com- position of these
fuels in order to show the relationship between the BSFC and the engine performance
parameters at constant speed with a variation of the en- gine torque.

. Conclusions

The main objective of this study was to determine the performances of a single cylinder diesel
engine running on fossil diesel-biodiesel blends. The blends were obtained by mixing 90% of
fossil diesel with 10% of biodiesel (B10) on the hand; and on the other hand by mixing 95% of the
fossil diesel with 5% of biodiesel (B5). The three biodiesels were prepared by transesterification
of raphia sese De Wild, castor and palm oils. Then, the various physicochemical parameters of
different fuels were determined according to ASTM standards. All the prepared fuels present good
properties according to the ASTM specifications compared to the reference diesel.

Two modes were used to make these experiments, the full load and the partial one. Based on the

experimental results, we conclude that:
In full load, the brake specific fuel consumption, the torque and the power
output of these blends increase with the speed and are higher than that of pure diesel, except for

the blend of pure diesel and raphia sese De Wild bio- diesel.
In partial load 1/1, the blends B5 and B10 between castor biodiesel and fossil
diesel present a different appearance than the other fuels under the same working conditions.
These fuels seem to be not adapted in this mode and other investigations must be done to
improve the use of these fuels in the di- esel engine.

The pure diesel blended with biodiesels derived from raphia sese De Wild has the
performance near to pure diesel.

According to the obtained results, the studied fuels produced from Congolese plant species can
be used, in blend form with the fossil diesel, as diesel engine fuels.

The authors recommend the further studies be carried out to determine the emissions of
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different fuels in order to determine their effect on the environ- ment.
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