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Abstract

In this study, performance and emission characteristics of a variable compression ratio (VCR) diesel
engine fuelled with diesel fuel and diesel-biodiesel-alcohols blends have been evaluated in detail. The
results of performance and emission characteristics of fuel blends were compared with low sulphur diesel
fuel. Experimental study showed that biodiesel and alcohol addition to diesel fuels slightly affects the
performance, combustion and emissions characteristics of the engine. The results showed that the
increasing biodiesel ratio in the blend resulted in decrease of brake thermal efficiency and increment of
specific fuel consumption (SFC). Furthermore, it was revealed that addition of alcohols and biodiesel fuel
decreased carbon monoxide emission and increased NO, and carbon dioxide emissions.
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Dizel, Dizel-Biyodizel-Alkol Yakit Karisimh Sikistirma Oram Degisen Bir Dizel
Motorun Performans ve Emisyon Karakteristiklerinin Degerlendirilmesi

Ozet

Bu ¢aligmada, sikigtirma oram degistirilebilir dizel ve dizel-biyodizel-alkol karigimlar1 kullanilan bir dizel
motorun performans ve emisyon Ozellikleri ayrintili olarak degerlendirilmistir. Yakit karigimlarmin
performans ve emisyon karakteristik sonuglari, diisiik kiikiirtlii dizel yakat ile karsilagtirilmistir. Deneysel
caligma, dizel yakitlara biyodizel ve alkol ilavesinin motor performansini, yanma ve emisyon ozelliklerini
cok az etkiledigini gostermistir. Sonuglar, karigimdaki biyodizel orani artiginin, 1sil verimde azalisa ve
Ozgiil yakit tilketiminde (SFC) ise ait artisa neden oldugunu gostermistir. Ayrica, alkol ve biyodizel yakit
ilavesinin karbon monoksit emisyonunu azalttigint ve NOy ve karbon dioksit emisyonlarini ise arttirdigini
ortaya ¢ikarmustir.
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Evaluation of Performance and Emission Characteristics of a VCR Diesel Engine Fuelled with Diesel Fuel and

Diesel-Biodiesel-Alcohol Blends

1. INTRODUCTION

After the oil crisis of the 1970s, research interests
on the internal combustion engines have been
explored in the area of alternate fuels, which are
renewable, locally available, environment friendly
[2]. It is well known that transport is almost totally
dependent on fossil particularly petroleum based
fuels such as gasoline, diesel fuel, liquefied
petroleum gas, and compressed natural gas. As the
amount of available petroleum decreases, the need
for alternate technologies to produce liquid fuels
that could potentially help prolong the liquid fuels
culture and mitigate the forthcoming effects of the
shortage of transportation fuels increases. There
are several reasons for biofuels to be considered as
relevant technologies by both developing and
industrialized countries. They include energy
security reasons, environmental concerns, foreign
exchange savings, and socioeconomic issues
related to the rural sectors of all countries in the
world. Biofuels have become more attractive
recently because of its environmental benefits
[2-8].

Biodiesel is a renewable energy source which is
produced with transesterification reaction [9-12].
Biodiesel can be produced from various feedstocks
such as vegetable oils, animal fats and even from
waste oils. Many researchers investigated various
feed stocks for biodiesel production [13-15]. Many
vegetable oils such as pomace oil [16], soybean oil
[17], castor oil [18], etc. have been used for
producing biodiesel fuel.

Since renewable energy sources has been popular
to investigate researchers also focused on alcohol
which are renewable energy sources. Alcohols as
additives to biodiesel-diesel blends were
investigated in terms of performance and emission
characteristics in diesel engines by many authors.
It was reported that the use of alcohol blends up to
20% does not usually require any important
modification [19]. It has been shown that alcohol-
biodiesel blends with 10% and 15% alcohol
concentration increase HC and CO emissions
while 5% alcohol addition to biodiesel fuels
decrease these emissions [20]. Most of the
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researchers have used diesel alcohol blends with a
small percentage of ethanol, methanol and
propanol [21-23].

In this study effect of biodiesel and alcohol
addition to diesel fuel has been investigated
experimentally. Experiments were conducted with
diesel fuel and blends of diesel, false flax
biodiesel, ethanol and butanol fuels. Experiments
were conducted at partial load condition (%60
load).

2. MATERIAL AND METHOD

The experimental study was conducted in
Petroleum Research and Automotive Engineering
Laboratories of the Department of Automotive
Engineering at Cukurova University.

2.1. Test Fuels

False flax (Camelina Sativa) oil was used as raw
material for biodiesel production. The samples of
crude oils were supplied from a local oil company,
Gaziantep, Turkey. Methyl ester samples were
produced via transesterification method. In the
reactions, methyl alcohol and sodium hydroxide
(NaOH) were used as reactant and catalyst. In
order to determine best production condition,
transesterification reactions were carried out in a
spherical glass reactor equipped with reflux
condenser, stirrer and thermometer. In the
reactions, molar ratio of alcohol to oil was 6:1. The
reaction was performed with methanol 20 wt%,
and sodium hydroxide 0,5wt%. Methanol and
sodium hydroxide were mixed in order to obtain
sodium methoxide. Then, sodium methoxide
and oil samples were mixed in the reactor. The
mixtures were heated up to 60°C and kept
at this temperature for 90 minutes by stirring.
After the reaction period, the crude methyl esters
were waited at separating funnel for 8 hours.
And then, crude glycerine was separated
from methyl ester. Finally, the crude methyl esters
were washed by warm water until the
washed water became clear and dried at 105°C
for 1 hour. Finally washed and dried methyl
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esters were passed through a filter and false flax
methyl ester (FME) was obtained. Figure 1
presents the  biodiesel  production  steps
schematically. After refining the biodiesel,
biodiesel, diesel and alcohols were blended. The
test fuels were diesel fuel and diesel-biodiesel-
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alcohols blends. Test fuels  weredenote
as D (diesel fuel)) B10A5 (85% diesel+
10% biodiesel + 2,5% ethanol + 2,5% butanol),
and B20A5 (75% diesel + 20% biodiesel + 2,5%
ethanol + 2,5% butanol).

- 1
Methanoland Catalyst (NaOH) Batching Process » Glycerin
(Metoxide) 8 hours

4

Transesterification Reaction

Washing and Drying || Waste Water

65 °C — 90 Minutes [ |

Filtering
l]

Crude Oil | |

I

Refined Biodiesel

N

Figure 1. Biodiesel production processes

The psychical properties of the test fuels and oil
were measured before testing them in the engine.
Instruments used for analyzing the products were;
Zeltex ZX 440 NIR petroleum analyzer with an
accuracy of +0.5 for determining cetane number;
Tanaka AFP-102 for cold filter plugging point;
Tanaka AKV-202 Auto Kinematic Viscosity test
for determining the viscosity; Kyoto electronics
DA-130 for density measurement, Tanaka flash
point control unit FC-7 for flash point
determination and IKA Werke C2000 bomb
calorimeter for determination of heating value. The
fuel quality measurements were fulfilled according
to TS EN 14214 and EN 590 standards.

2.2. Engine Specifications

Engine experiments were conducted on a single
cylinder, four strokes, naturally aspirated, water
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cooled, variable compression multi fuel engine.
Technical specifications of the engine were given
in Table 1. Schematic representation of test rig was
shown in Figure 2. An eddy current dynamometer
was used for determination of performance
characteristics of the engine. Table 2 shows the
technical specifications of the eddy current
dynamometer. Experiments were conducted at
constant speed of 1500 revolution per minute
(rpm) and under partial load (60% loads). The
compression ratio of the engine was held as 16:1.

2.3. Emission Devices

MRU Air Delta 1600 V mobile exhaust gas
analyzer was used to measure exhaust emissions.
Emission data was collected with the help of
analyzer software. Accuracy of the gas analyzer
ist10 ppm for CO, 1% for CO, and +1 ppm for
NO,.Table 3 show measurement ranges,
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Table 1. Technical specifications of the variable compression ratio (VCR) engine

Brand Kirloskar Qil Engines
Model 240

Configuration Single Cylinder

Type Four Stroke, Water Cooled
Displacement 661 cc

Bore 87,5 mm

Stroke 110 mm
Maximum/Minimum Operating Speed 2000/1200 rpm
Power 3,5 Kw @ 1500 rpm
Compression Ratio (CR) range 12:1-18:1

Injection Variation 0-25 Deg BTDC
Peak Pressure 77,5 kglem?

Weight 160 kg

Combustion Principle Compression Ignition

Table 2. Technical specifications of the dynamometer

Model AG10
Make Saj Test Plant Pvt. Ltd.
Water inlet 1.6 bar
Torque 11.5Nm
Hot coil voltage max. 60
Continuous current amps 5
Speed max. 10000 rpm
Load 3,5 kg
Weight 130
VCR Engine
Eddy-Current
Performance Maasuring Dvnamometer \
Svstem )
L | N S
r, e 1-

AL AR
BLTA 36450 W

Gas Analyzer

Figure 2. Schematic representation of test-rig
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Table 3. Measurement ranges, accuracy and resolution values of emission device

Specification

CcoO 0-10%

CO, 0-20%

HC 0-20000 ppm
0, 0-22%

NO 0-4000 ppm
NO, 0-1000 ppm
Lambda 0-9,99
B
Ambient Temperature 5°-45°C
Exhaust Gas Temperature Max 650 °C

accuracy and resolution values of emission device
and smoke meter, respectively.

3. RESULT and DISCUSSION

2.1. Fuel Properties

In general, false flax oil contains unsaturated fatty

Table 4. Fuel properties of test fuels

acids which are important advantages for the fuel

properties of biodiesel such as lower pour point
[24]. Fuel properties of false flax oil, false flax
methyl ester (FFME) and its blends with diesel
fuel were shown in Table 4. The density of
biodiesel samples were found higher than that of
diesel fuel so the blend fuels had higher density
than that of diesel fuel.

Properties z'eelse' EN590 | FME B10A5 | B20AS5 3‘56;2"1 EN 14214
Ege/rr‘séty’ 837 820-845 | 886 0835 |0841 |- 860 - 900
Cetane 59,47 | Min51 |51 53,173 | 52,832 | Min47 | Min51
Number

o Summer <4,0
CFPP, °C 11 ; -10 13 12 ; Winter <.1.0
Lower heating
value. Kk | 45856 | - 39,048 - -
Kinematic
viscosity, 276 | 20-45 |438 3,07 3,21 1,9-60 | 35-50
mm?/s
Flash point °C | 795 | Min55 | >140 3 - Min 93 | Min 120
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The heating value of biodiesel samples and
biodiesel-diesel-alcohol blends were lower than
diesel fuel. Cetane number of FME was measured
as 51 which satisfy the American and European
Biodiesel Standards. The temperature at which is
the lowest temperature of the standardized volume
of fuel can pass through a standardized filter is
determined by cold filter plugging point (CFPP).
Also CFPP is a significant property which is
relative with pour point. Analysis showed that
CFPP points of biodiesel samples and their blends
with diesel fuel were close to the diesel fuel which
is an important property for cold working
situations. Analysis showed that FME and diesel-
biodiesel —alcohol blends had higher viscosity than
diesel fuel.

3.2. Performance Characteristics

Brake thermal efficiency (BTHE) which is defined
as ratio of engine power output to heat input of
fuel is one of the most important performance
criteria for internal combustion engines [25].
Experiments showed that addition of biodiesel and
alcohols to diesel fuel caused a slight decrement in

30,1

BTHE (%)

Diesel B10AS

Fuels

B20A5

Figure 3. BTHE values of test fuels
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the terms of BTHE. The main cause of that result
is the lower Cetane numbers of the blend fuels.
The low Cetane number causes to prolong ignition
delay. According to standard combustion process,
thissituation change characteristic of heat release
and increasing ratio of pressure in the engine
combustion  chamber. In  other  words,
lower Cetane number of blend fuels cause
deterioration of combustion characteristics which
decrease brake thermal efficiency values of the
engine.  Decreasing BTHE also  results
with higher specific fuel consumption (SFC).
SFC is the measure of fuel consumption to
produceunit power. Experiment results showed
that diesel-biodiesel-alcohols blends usage caused
a slight increment in the means of SFC. In
comparison with diesel fuel test fuel, B10A5
decreased BTHE 2,6 % and test fuel B20A5
decreased BTHEG,09%. Also, results of
experiments showed that B10A5 test fuel and
B20AS5 test fuel increased SFC 3,41% and 6,89%
compared to diesel fuel, respectively. Figure 3
shows the brake thermal efficiency results of test
fuels and Figure 4 indicates the specific fuel
consumption (SFC) values.

0,315
0,31
0,305

STFC (kg/kWh)
[=]
B e
h L8]

0,29
0,285
0,28
0,275
Diesel B10AS B20AS5
Fuels

Figure 4. SFC values of test fuels
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Exhaust gas temperature (EGT) is a very important
criteria for analyzing the performance and
combustion characteristics of a fuel. Addition of
biodiesel and alcohols resulted with higher EGT.
This result is mainly caused by extra oxygen O,
content of biodiesel and alcohols in their
compositions compared to diesel fuel. Extra
oxygen content improves combustion and so
exhaust gas temperature rises. EGT of test fuel
were 103,121 and 125,04°C for diesel, B10A5 and
B20A5 fuels, respectively. Figure 5 shows the
EGT of test fuels.

200
160

120

EGT (°C)

80

40

0

BI10AS B20AS

Fuels

Diesel

Figure 5. EGT values of test fuels
3.3. Emission Characteristics

Figure 6 shows the CO emission results of the
experiments. It is clear that blending diesel fuel
with biodiesel and alcohols decreased CO
emissions significantly. The test engine emitted
lower CO emissions when the B10A5 and B20A5
fuel instead diesel fuel. The main reason of this
result is extra oxygen content of biodiesel and
alcohols. B10A5 and B20AS5 usage decreased CO
emissions 9,09 % and 28,78% compared to diesel
fuel, respectively.

Variation of CO, emissions of experiments are
shown in Figure 7. It can be seen from the graphs
addition of biodiesel and alcohols to diesel fuel
resulted in higher CO, emissions since extra
oxygen contents of biodiesel and alcohols improve
the combustion and thus, CO, compositions are
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converted to CO, emissions. B10A5 and B20A5
increased CO, emissions up to 6,3 % and 11,69 %
in comparison with diesel fuel, respectively.

200
160

120

CO (ppm)

80

40

B10AS B20AS

Fuels

Diesel

Figure 6. CO emission values of test fuels
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Figure 7. CO, emission values of test fuels

NO, results of all test fuels are shown in Figure 8.
Diesel-biodiesel-alcohol blends increased NO,
emissions since combustion temperature of
biodiesels are higher than that of diesel fuel.
Higher cylinder temperatures cause more
formation of NO, emissions. Thus, the maximum
NO, emissions are emitted by the engine when
B20A5 fuel is used as a fuel. BLOA5 and B20A5
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increased NO, emissions 21,42% and 47,61%
compared to diesel fuel, respectively.

140
120

80
60
40
20

0

B10AS
Fuels
Figure 8. NO, emission values of test fuels

Diesel B20AS

3. CONCLUSION

This study was carried out in order to find out the
performance and emission characteristic of a diesel
engine at partial load condition fuelled with diesel
and diesel-biodiesel-alcohols blends. During the
experiments the engine compression ratio was set
as 16:1 and engine load was 60%.

According to test results, the following conclusion

can be summarized;

e Maximum mean BTHE (29.69%) was obtained
when engine was fuelled with low sulphur
diesel. Biodiesel and alcohol additives (B10A5
and B20A5) decreased BTHE.

e Usage of biodiesel and alcohols caused
increase in specific fuel consumption.

e Exhaust gas temperature was increased with
B10A5 and B20A5. Extra oxygen content of
biodiesel and alcohols resulted in higher
exhaust gas temperatures.

e CO emission values were decreased when
engine fueled with B10A5 and B20A5 fuels
due to extra oxygen content of fuels when
compared to diesel fuel.

e B10A5 and B20A5 fuels caused to increase of
CO, values compared to diesel fuel.

e The higher combustion temperatures of B10A5
and B20A5 fuels caused to increase of NO,
values significantly.
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