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ABSTRACT

In this study, produced by the transesterification method safflower methyl
ester material is used. Trials, 4-stroke, 4-cylinder, with engine test was
conducted in a water-cooled engine has common rail fuel system. And B2 (2% v
safflower biodiesel - 98% Eurodiesel), B10 and B50 biodiesel-Eurodiesel fuel
blends have been accepted as the reference fuel. The results are given in
comparatively. The main factor of the observed changes in engine performance
when biodiesel is used is the low calorific value fuel compared to Eurodiesel
fuel. There is an increase in engine power as a result of the improvement of the
fuel oxidation of oxygen in the body of biodiesel in the partial load conditions.
While emission changes are taking place in accordance with the terms of
reference fuel emission produced by alternative fuels, it has constructed the
partial differences in the rate of increase and decrease. Due to the fact that the
engine used in the experiments keeps the fuel under a very high pressure, HC
emissions are lower than the other engines.

OZET

Bu calismada transesterifikasyon yontemi ile Aspir yagindan biyodizel
iiretilmistir. Calismada kullanilan deney motoru, common-rail yakit sistemine
sahip, su sogutmali ve 4-silindirli 4 zamanh diesel motorudur. Uretilen
biyodizelden B2 (%2 Aspir biyodizeli, %98 Eurodizel), B10 ve B50 karisimlari
hazirlanmis, referans yakit olarak da Eurodizel kabul edilmis ve sonuglar
karsilastirmali olarak verilmistir. Biyodizel kullanildiginda motor performansinda
gozlenen degisikliklerde baglica etken yakitin isil degerinin Eurodizele gore diisiik
olmasidir. Kismi yiik sartlarinda biyodizelin biinyesindeki oksijenin yakitin
oksidasyonunu iyilestirmesi sonucu motor giiciinde artis olmustur. Emisyon
degisimleri alternatif yakitlarin iiretmis oldugu emisyonlar bakimindan referans
yakit ile uyum icerisinde yer alirken artma ve azalma oranlarinda kismi farkhiliklar
olusturmaktadir. Deneylerde kullanilan motorun yakiti ¢cok yiiksek basing altinda
tutmasindan dolay1 HC emisyonlari diger motorlara gore diisiik gikmigtir.
Biyodizel kullaniminda, yakit iceriginde oksijen bulunmasi sebebi ile egzoz
gazlarindaki NOx miktarinda artis olmustur. Yapilan bu calismada da egzoz
gazlan icindeki NOx miktarinin en fazla B100 yakitinda oldugu goriilmiistiir.

database on energy and doing script work is works

Knowing and predicting the numerical position and  difficult and have common effects. Each country sees its
the future of these sources within the available place in the works done for the world as well as the
resources have a different significance while renewable  works done on the basis of the countries. (Acaroglu,
energy technologies are developing. Creating a 2001; Pourzolfaghar et al, 2016).
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Figure 1. Primary energy development in the World (BP, 2015; BP, 2016; IEA; 2010; IEA, 20153; IEA, 2015b; IEA, 2015¢; IEA, 2013)
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Figure 2. Reference Scenario for the World Primary Energy Demand (BP, 2015; BP, 2016; IEA; 2010; [EA, 2015a; IEA, 2015b; IEA, 2015¢; IEA, 2013)

Many countries encourages the efforts made on
reducing addiction to the imported fuels (particularly
fossil fuels) while they support the most convenient
and low-cost business research of local resources to
meet the growing energy demand in parallel with the
developments in their economy and industry (Sajjad,,
2016; Saluja 2016).

The rapid increase in the welfare of humanity was
made possible by the use of fossil fuels but the
development of the industry, and to bring with it air
pollution caused again this fuel causes the
development of the industry to bring with it the air
and environmental pollution (Mihaela et al, 2013;
Mucino et al, 2014). Today known as the most
important environmental problems of the world,
global warming caused by the greenhouse effect,
primarily resulting from combustion emissions, is a
result of harmful emissions as SOx and NOx (Agarwal
and Rajamanoharan, 2009). The adverse effects of
fossil fuels on the environment and human health
have been proven in recent years. The most important
issue is that the fossil fuels are on the point of
exhausting in addition to the positive and negative
effects of its use (Pieprzyk et al, 2009; ilkilic et al, 2011;
Aydin, 2016).

Biodiesel’s strategic location can not be ignored.
Biodiesel can be produced from plant, animal and
waste oil. Biodiesel can be used in diesel engines
without any modification as of 100% and in a mixture
ratio with diesel fuel (Ozesen and Canakgi, 2008).

Biodiesel  doesn't include  sulfur,  aromatic
hydrocarbons, metals and crude oil negatively affecting
the formation of emissions and diesel engine
combustion efficiency. In this respect it is considered to
have a more ecological structure according to the
diesel fuel (Thangaraja et al, 2016; Ogiit et al, 2011).

Today, biodiesel production gains a commercial
size and its production quantities are now growing
rapidly. The annual increase in production of biodiesel
in the world is seen in Figure 3.
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Figure 3: The production of biodiesel in the world (BP, 2016)
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Safflower (Carthamus tinctorius L.)

Safflower plants from the Composite family
(Carthamus tinctorius L.) (2n = 24) is a cultural plant
began to be taken 3000 years ago in the Middle East.
Safflower is a long day of summer oilseed crop that
contains oleic and linoleic oil between %30-%45 in its
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60-120 cm long seed and with its root 1.5-2.0 meters
in depth; with its yellow, red and orange flowers; and
with its thorny and thornless structure. Its oil used in
the production of biodiesel is also used in meals,
frying and salads. It's for one year, drought-resistant
and its life is 110-140 days. The wild forms of the plant
whose origin is Anatolia can be found in every part of
our country. The production of safflower plant the
most suitable plant in narrowing its fallow field is
increasing in recent years. Production inputs are very

Gelendost-1

Gelendost-2

low, there is no marketing problem and it easily finds
buyers produced by contract. It is a plant that will shut
down our oil and energy deficit by processing to
cooking oil and biodiesel. Instruments used for the
production of wheat can be used without the need for
additional investment. lts oil with very high quality
lowers cholesterol, diabetes and debilitating. Its
flowers are consumed as bee forage and tea; its straw
and bagasse are consumed as animal feed (Babaoglu,
2007; Thomas et al, 2012; Eryilmaz 2016).

Yenice

Figure 4. Safflower varieties (Ozcelik, 2011)

Because of the increasing oil deficit in our country
day by day, Anatolia Agricultural Research Institute
Safflower works under the Ministry of Agriculture and
Rural Affairs have resumed due to the search of
alternative crops in the decreasing field of beet. A kind
called Remzibey-05 was registered in 2005. Yenice and
Dinger were thornless; Remzibey-05 is thorny and the
characteristics of these types of Safflower were shown
in Table 1. (Ozcelik., 2011). Honey type was introduced

Table1. Safflower varieties in our country

to public opinion by being developed within the
Anatolia Agricultural Research Institute and by
holding a press conference in May 2011. These trials
continuing 5 years were introduced to public opinion
by Ayaz type Bahri Dasdas International Agricultural
Research in 2012. Linas type is also a kind of safflower
registered by the Institute of Trakya Agricultural
Research in 2013. Characteristics of some of safflower
species were given in Table 1.

Types Yenice Dinger Bala Remzibey-05 Ayaz Linas
Prickliness Thorny Thornless Thorny Thorny Low Thorny Thorny
Flower clour Red Orenge Yellow Yellow Red Yellow-Orange
Plany tall (cm) 100-120 90-110 55-70 60-80 100-120 85-90
Grain clour White White Cream White White Cream

Oil rate (%) 24-25 25-28 38-40 35-40 22-25 37-38

Despite the recognition for many years in our
country, its agricultural practices are not known
enough. However, its growing is very easy as in the
cultivation of wheat and barley. Deep, efficient, good
drainage, high water holding capacity, pH 5-7 soils are
better suited to the soil. The yield in the soil no deeper
than 30 cm, having foot stone in light gray and White

and very high sandy and cancerous lands decreases
even if the products are received. The degree of salt
tolerance is as in barley (Weiss, 2000; Oztiirk et al, 2010).

The most important entries in safflower agriculture
emerge as weed control and fertilization. The weed
population should be decreased by disinfestation
before planting because the weeds are effective mostly
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during seedling stage. The amount of fertilizer in
Safflower agriculture varies according to the climate
and soil conditions. Although there wasn't any
important illness and damage in Safflower agriculture
in our country, Safflower rust was observed.in wet and
regions last year (Puccinia carthami) in the past years
(Shahrokhnia and Sepaskhah, 2016; Og(it, 2007).

In this study, the biodiesel produced by
transesterification method from safflower oil is used. In
a four-stroke, common-rail fuel system, and water
cooled, in an engine 4-cylinder volume engine, 2% (B2),
10% (B10), 50% (B50) biodiesel - diesel fuel blends have
been accepted as the reference fuel. The results are
given in comparatively.

Computer|

—

Dynamemeter

MATERIAL and METHODS

Biodiesel produced from varieties Remzibey used
in this study. By using this biodiesel and diesel, B2 (2%
v safflower biodiesel - 98% Eurodiesel), B10 and B50
fuel blends were prepared. Trials were made on the
engine with this prepared mixture. The test
arrangement used in this study is shown in Figure 5.
Experiment engine is a diesel engine with 4-cylinder,
having the common-rail type fuel system, over-
loading and intercooled engine. Technical
characteristics of the engine are given in Table 2.
Technical properties of the engine dynamometer and
exhaust emission apparatus used in this study are
given in Table 3 and Table 4.

[ Pt |

Figure 5.Experimental set up

Table 2.Technical characteristics of the engine used in the study

Engine 1.9 Multijet
Number of cylinders and layout 4, a single row of the front transverse
Cubic capacity (cc) 1910
Compression ratio 5.18:1
Maximum power hp-d/d 105 - 4000
Maximum torque Nm (kgm) - rpm 200- 1750
Fuel diesel
Fuel supply Electronically controlled Common Rail type
MultiJet direct injection, turbocharger and intercooler
Ignition compressional
Bore x Stroke (mm) 82x90.4
Table 3. Technical specifications of the engine dynamometer
Model BT-190 FR
Capacity 100 kW
Maximum speed 6000 rpm
Maximum torque 750 Nm

Table 4.The specifications of the exhaust emission apparatus used in this study

Measuring Range Unit Value
(€0) % 0-9.99
COo2 % 0-19.99

HC ppm 0-2500

A % 0-1.99

02 % 0-20.8

NOx ppm 0-2000
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Experiments have been carried out at different
engine speeds in full throttle position. Before starting
the measurements, the engine was heated to the
operating temperature. Experiments began after
closing and opening the engine fan two times.

EXPERIMENT RESULTS and DISCUSSION

The diesel used in the four-cylinder diesel engine
with Common-rail fuel system and its changes of the
power rate of safflower biodiesel fuel mixture
depending on the power speed of the engine is shown
in Figure 6. Effective power increases depending on
the engine speed increases with biodiesel fuel and
Eurodiesel fuel characteristically. Maximum engine
power in all fuels was obtained as 3000 rpm. With an
overview, Eurodiesel fuel in all engine power and the
values of the engine power in B2, B10 and B50 are
obtained close to each other. Power difference
obtained between Eurodiesel fuel and B2, B10 and B50
fuels at high speeds is increasing even if just little.

Changes of specified torque according to engine
speed are given in Figure 7. Considering the average
values, maximum torque value 2000 rpm is seen
approximately in Eurodiesel fuel. Due to the low
calorific value owned by biodiesel, lower values
emerge in torque as in the engine power as shown in
Figure. But on the contrary of this case, those values
can show the improvement of the combustion
characteristics of the oxygen content of biodiesel fuel
and keeping the performance characteristics of the
engine at a reasonable level.

Changes in specific fuel consumption depending
on the engine speed are given Figure 8. When all the
fuels were examined, the lowest specific fuel
consumption, as shown in figure is determined in
Eurodiesel fuel 2500 rpm. The lowest specific fuel
consumption value in other fuels is determined in this
speed. The reason of high rise of specific fuel value of
biodiesel mixtures is the lowness of lower heating
value compared to Eurodiesel fuel.

CO has an adverse effect on human health such as
fatigue, the decrease in working efficiency, headache,
dizziness, dyspnea, loss of consciousness (lethal when
reaches the amount of the 0.3% threshold in air)
(Ogiit, 2007). CO values of fuels depending on the
engine speed is given in Figure 9. According to the
results, CO values of safflower biodiesel is low because
of complete combustion as to B2, B10 and eurodiesel
fuel. This means that the combustion efficiency in the
biodiesel mixtures is higher.
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Figure 6. Variation of engine power with engine speed
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CO, values of fuel depending on the engine speed
are given in Figure 10. According to the results, CO,
value of Eurodiesel fuel is low compared to B2, B10
and B50 fuel values. CO, that arises from the
combustion of renewable energy origin fuel is
maintained by plants. Plants spare CO, for the carbon
and oxygen. Oxygen is released back to the
atmosphere. Renewable energy use provides the
formation of the natural balance in CO, emissions.

HC values of fuel depending on the engine speed
are given in Figure 11. Considering the average value,
HC values of B2, B10 and B50 fuels are low by % 50
compared to diesel fuel. The reason of occurrence of
hydrocarbon among unburned products is the
oxidation and semi oxidation of the fuel due to not
coming to the ignition temperature and being
insufficient of fuel. For this reason, it is more important
to use biodiesel anf its mixtures especially in common-
rail-type engines in terms of emissions.

The O, values of fuels depending on the engine
speed are given in Figure 12. O, value of B50 fuel
seems to be highes according to the results. O, value
of B2 and B10 fuels is high compared to Eurodiesel
fuel. The reason of high value of oxygen compared to
eurodiesel fuel is that there is O, inside the biodiesel.

The NOx value of the fuels depending on the
engine speed are given in Figure 13. According to the
results, the NOy values of the Eurodiesel fuel are lower
than B2, B10 and B50 fuels. The reason for this is due
to the fact that vegetable oil contains oxygen in the
ratio of 11%. High heat that occured as a result of
combustion of fuel in the engine, the nitrogen oxides
have occured by nitrogen in the air combining with
oxygen. Also, as combustion duration in the
flammable fuels, there has been an increase in NOy.
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CONCLUSIONS

In this study, biodiesel has been obtained from
safflower oil and diesel fuel by the transesterification
method. Biodiesel fuel has been used separately
without any alteration in Eurodiesel engines
respectively. The engine performance and emission
characteristics of this fuels have been subjected to
tests at full load and different engine speeds.
According to the data, engine performance and
emission variation curves of each fuel have been
obtained and these curves have been compared with
each other.

The main factor of the observed changes in engine
performance when biodiesel is used is the low calorific
value fuel compared to Eurodiesel fuel. There is an
increase in engine power as a result of the
improvement of the fuel oxidation of oxygen in
the body of biodiesel in the partial load conditions.
While emission changes are taking place in accordance
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with the terms of reference fuel emission produced
by alternative fuels, it has constructed the partial
differences in the rate of increase and decrease. Due
to the fact that the engine used in the experiments
keep the fuel under a very high pressure, HC
emissions are lower than the other motors.

Producing biodiesel from Safflower oil and using
the produced biodiesel as an alternative fuel for diesel
engines have a good effect on reducing external
dependence of energy. Besides, it contributes to
the formation of new business areas. As a result,
using safflower oil as an alternative fuel for diesel
engines has a positive effect in ecologic and economic
areas.
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