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ABSTRACT

The world energy requirements are usually provided from conventional

sources. Petroleum consumption has an important place in these sources. Most of
world petroleum production is used in internal combustion engines. With recent
increases in petroleum prices and uncertainties concerning petroleum availability,
there is interest in vegetable oil fuels for diesel engines. In this study, Engine
performance, smoke level, the effect of advance time on the performance and
noise level was examined, in comparison diesel fuel with sunflower ethyl ester.
Results have shown that ethyl ester as fuel has similarities with the diesel fuel and
may be used as an alternative fuel in the future.
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DiZEL MOTORLARINDA ALTERNATIF YAKIT OLARAK

ETIiL ESTERIN KULLANIMI
(Teknik Not)
OZET
Diinya enerji  ihtiyacti genel olarak konvansiyonel kaynaklardan

karsilanmaktadir. Petrol ise bu kaynaklar arasinda 6nemli yer tutmaktadir. Uretilen
petroliin 6nemli bir kismu ise igten yanmali motorlarda kullanilmaktadir. Petrol
fiyatlarinin artmasi ve petroliin bulunmasinin zorlagmasi, dizel motorlart i¢in
bitkisel yaglan ilging hale getirmistir. Bu calismada Aycicek yagi etil esteri 4
zamanli, direk enjeksiyonlu ve tek silindirli bir dizel motorunda kullanilarak motor
performansi, duman koyulugu, avansa bagli moment degisimi ve ses seviyesi dizel
yakit ile kargilagtirmali olarak incelenmistir. Elde edilen sonuglar etil ester
yakitinin, dizel yakitina yakin 6zellikler gosterdigini ve gelecekte alternatif yakit

kullanilabilecegini gostermistir.

Anahtar Kelimeler: Aygicek etil esteri, alternatif yakitlar, motor performansi

1. GIRiS

Enerji ihtiyaci, diinyada sanayilesme ve artan niifus
nedeniyle giinden giine artmaktadir. Dogal sonug olarak
tim diinyada enerji acig1 olusmaktadir. Bu nedenle
sanayilesmis ve sanayilesmekte olan iilkeler enerji
ihtiyaclarini karsilamak amaci ile yeni enerji kaynaklarina
yonelmektedir.

Gelismis  iilkelerde, enerji  kaynaklari1  hizla
tiikketilmektedir. Bu nedenle basta ABD’de olmak {izere
biitiin iilkelerde yeni tiir enerji arayislari siirmektedir.

Yeni ve yenilenebilir enerji kaynaklart kullaniminin
gelistirilmek istenmesinin bir baska nedeni de, diinyada
sinirlt olan fosil yakit rezervlerinin tilkeniyor olmasidir.
Kanitlanmus iiretilebilir petrol ve dogal gaz rezervlerine
insan Omriine sigacak kadar Omiir bigilmesi, insanligin
gelecegi acisindan diistindiiriictidiir. Kisacasi
konvansiyonel  enerji  kaynaklarinda  bir  sinira
yaklagtlmistir. ~ Siirdiiriilebilir ekonomik biiyiime igin
ekonomik smirlar  kapsaminda  kullanima  uygun

1. INTRODUCTION

Need for energy is increasing due to the developing
industry and increasing population of the world. As a
result of this, there is a lack of energy in the world.
Therefore; developed countries are searching for new
energy resources to remedy their energy need.

In developed countries, energy resources are consumed
rapidly. Thus all countries especially USA, is searching
for new kinds of energy resources.

As the limited resources of fossil fuels are consumed,
the usage of the new and renewable energy resources
should be increased. It is worth pointing that feasible
petroleum and natural reserves has a life approximately
equal to life span of a man.In short; conventional energy
resources reaches to a limit. For the countries economical
development new and renewable energy resources should
be used.

Although Turkey cannot meet its primer energy
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teknolojilerle yeni ve yenilenebilir enerji kaynaklarmin
kullanima sunulmasi gerekmektedir.

Tiirkiye birincil enerji kaynaklar1 bakimidan kendine
yetemeyen ililke olmasina karsilik, biyoenerji potansiyeli
bakimindan umut verici konumdadir. Ayrica linyit komiirti
ve hidrolik enerji potansiyeli agisindan da Onemli
kaynaklara sahiptir. Tiirkiye’nin konvansiyonel enerji
tretimi lilkemizin artan enerji ihtiyacin1 karsilamaktan
uzaktir. Tirkiye’nin petrol ihtiyacinin karsilanmasinda
biiytik 6lgiide dis kaynaklara bagimli olmasi ekonomik
gelismesini olumsuz yénde etkilemektedir. Ulkemizin
petrol iiretimi, tiiketimi karsisinda ¢ok siirhidir. Petrol
ihtiyacimizin % 80’den fazlas: ithalat ile karsilanmaktadir.
Bu konudaki sikinti devam ettigi siirece yeni enerji
kaynaklarinin  arastirllmasinin =~ dnemi  artmaktadir.
Otomotiv sanayinde petrol yerine enerji olarak, bitkisel
yaglar, giines enerjisi, stvilagtirilmis petrol gazlar1 (LPG)
kullanimi aragtirilmaktadir. Alternatif enerji kaynaklarinin
arastirilmast yeni bir konu degildir. Fakat diinya enerji
ihtiyacinin gitgide artmasi yeni ve yenilenebilir enerji
kaynaklarina olan ihtiyact daha da arttirmistir. Ayni
zamanda petrol politikalarindan ve fiyat
istikrarsizliklarindan etkilenmemek igin bagta gelismis
iilkeler olmak tizere birgok iilke alternatif enerji kaynaklari
arayisina girmistir. Yeni enerji arayigina neden olan bir
bagka konu ise temiz ve yenilenebilir yakit diisiincesidir.
Cizelge 1’de iilkelere gore diinya fosil yakitlarn
kullanilma stireleri gosterilmistir.

Table 1. The use of fossil fuel reserve depend on duration in the
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resources need, it has considerable coal reserves and hydro
energy potential. Production of conventional energy in
Turkey can not meet the increasing energy need. Since
Turkey imports the considerable amount of its petroleum
need, economical development is adversely effected. The
production of petroleum is limited in Turkey. Turkey
imports more than %80 percent of its petroleum need. So,
most of the researches are made on new energy resources.
Researches on usage of vegetable oils, solar energy, and
liquefied petroleum gas instead of petroleum are made in
automobile industry. Researches on alternative energy
resource are not a new issue. Since consumption of energy
increase rapidly, need for alternative energy resources are
increased. One of the other reasons for the researches on
new energy resources is the pollutant effect of
conventional fuels.

world (World energy assemble, 9" subcommission, 1998)

Cizelge 1. Diinya fosil yakit rezervlerinin yil olarak kullanilabilme siireleri (Y1l) (Diinya Enerji Surast, 9.Alt Komisyon, 1998).

Bolge ( Region) Petrol/ D.Gaz/Natural Komiir/Coal
Petroleum gas

Kuzey Amerika /Northern America 18 12 235
Orta ve Giiney Amerika /Middle and 37 72 >500
Southern America
Avrupa/(Europen countries 8 18 158
Eski SSCB Ulkeleri Ex. Soviet Union 25 83 >500
Countries
Ortadogu /Middle east 83 >100 186
Afrika Africa 28 >100 266
Asya ve Okyanusya/Asia and Ocean 16 41 146
countries
TOPLAM DUNYA /TOTAL WORLD 41 63 218

2. KAYNAK ARASTIRMASI 2. LITRATURE SURVEY

Bitkisel yag esterleri ile ilgili olarak literatiirde degisik
tip ve giligteki motorlar i¢in aragtirmalar vardir. Bitkisel
yag esterleri ile yapilan ¢aligmalar drnek olarak asagidaki
calismalar verilebilir.

Klopfenstein ve arkadaglar1 (1983) yag asitleri olan
laurik, myristik, stearik, linoleik ve linolenik asitlerinin
metil esteri, oleik asitin etil ve butil esterlerini dizel
motoru yakiti olarak etkilerini dlgmek amaciyla dizel
motorlarinda yakmiglardir. Motor momenti ve gii¢ diisiis
gibi olumsuz ve kirletici emisyonlarin diisiisii gibi olumlu
sonuglar bulmuslardir.

Pryde ve arkadaslarina gore (1983), bitkisel yaglarin

In literature there are varieties of researches on
vegetable oil esters with different engine type and power
examples of these researches are given below.

Klopfenstein and his friends (1983) used lauric,
myristic stearic linoleic , linolenic acid’s methyl esters,
oleic acid’s ethyl and butyl ester which are oil acids in
diesel engine. They find out that; this oil acid’s result in
reduced meter moment and power. On the other hand
these oil acids have reduced emission which pollutes the
environment.

Pryde and his freunds (1983) showed that vegetable oil
ester’s can be used as an alternative to diesel fuel. As the
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esterlerini kullanarak bunlarin dizel yakitina alternatif
olabileceklerini  gostermiglerdir. ~ Bu  caligmalarin
sonucunda dizel motoru yakiti olarak en iyi sekilde
uygulanabilir bitkisel yag yakitlar1 hazirlanabilir diisiincesi
ile ileri ¢alismalarin ester ve emisyonlar {izerine
yogunlastirilmasini tavsiye etmislerdir.

Soya yap1 metil, winterize metil, isopropil esterleri ve
bunlarin dizel yakiti ile karigimlar1 4 zamanl 4 silindirli
turbosarjli, 16.8:1 sikistirma oranli motorda test edilmistir.
Motor  performans  egrisinin  ester/dizel  yakit
karisimlarinda dizel yakitina benzer oldugu goriilmiistir.
Ozgiil yakit sarfiyatinda ester/dizel yakit karigimlarinin
daha yiiksek oldugu goriilmiistiir. NO, emisyonlart dizel
yakitindan daha yiiksek ¢ikmistir. Bunun nedeni esterlerde
%10 civarinda kiitlesel oksijen bulunmasidir. Ayrica
esterle yapilan g¢aligmalarda testlerden sonra enjektorde
karbon birikintileri gozlenmistir (Zang, Gergen, 1996).

Sikistirma  ateslemeli  motorlarda  bitkisel yag
esterlerinin dizel yakiti yerine kullanilma potansiyeli kabul
edilmektedir. Arastirmada, yakit nitelikleri kisa ve uzun
donem motor testleri ve bu yenilebilir alternatif yakitlarin
dretimi, islenmesi, maliyeti tartisilmaktadir. (Peterson,
Reece ve Moscow, 1993).

Avella, Galtieri and Fiumara (1992), tarafindan yapilan
calismada, dizel motorlarinda bitkisel yag
monoesterlerinin petrol {iriinii yakitlara alternatif yeni
yenilenebilir bir potansiyel oldugunu kabul etmislerdir.
Ekonomik agidan bu iiriinlerin fiziksel, kimyasal
ozellikleri motorun tasarimina degisiklik getirmediginden
gaz yag ile karistirilmast tavsiye edilmektedir.

1992 yilinda yapilan bir ¢alismada bitkisel yaglarin
metil esterleri dizel motorlarinda alternatif yakit olarak
onerilmistir. Bu ¢alismanin amaci direkt piiskiirtmeli bir
dizel motorunda dizel yakiti ile soya yagi metil esterini
karsilagtirmaktir. Yapilan calismada motor performansi,
egzoz emisyonlart ve 1s1 kayiplar1 arastirilmis, deneysel
Olgtimleri yapilmis degisik meme ¢aplart ile degisik
enjeksiyon ~ zamanlamasinin ~ performansa  etkileri
aragtirllmigtir. Soya metil esterinin performans ve 1s1 kaybi
acisindan dizel yakiti ile Kkarsilastirilabilir oldugu
goriilmiistir. Metil esterin HC emisyonu ve duman
koyulugu bakimindan dizel yakitindan daha iyi oldugu
goriilmiistiir (Scholl and Sorenson, 1992).

Thompson, tarafindan yapilan ¢alismada Kolza yagi
metil ve etil esteri iretilmis ve 24 ay bekletilmistir.
Motorlarda dizel yakiti, yeni iiretilmis kolza yag1 metil ve
etil esteri ve bekletilmis kolza yagi metil ve etil esteri
kullanilmistir.  Testler direkt piiskiirtmeli turbosarjli
motorda yapilmustir. Etil ve metil esterin moment, giig,
Ozgiil yakit sarfiyati egrileri birbirine yakin goriilmiistir.
Etil esterin yogunlugu daha disik Olgiilmiistir
(Thompson, et. all. 1998).

Soya yagmin etil, metil ve butil esterleri direkt
pliskiirtmeli turbosarjli motorda test edilmis performans
olarak dizel yakit1 ile esterler arasinda c¢ok fazla fark
olmadigi, HC, CO ve partikiillere bakildiginda da dizel
yakitina benzerlik gosterdigi, NO, emisyonlarinda ise
esterlerin yiiksek ciktig1 gozlenmistir (Wagner, Clark and
Schrock, 1984).

future study they advice researches on vegetable oil esters
and their emissions.

Soybean oil methyl, winterize methyl, isopropyl esters
and their diesel fuel used in 4 strokes 4 cylindered
turbocharged, 16:8:1 compression ratio engine it is
observed that ester/diesel fuel mixture has similar
performance curve to diesel fuel. In addition; ester/diesel
fuel mixture has greater specific fuel consumption. When
NO, emission is considered ester/diesel mixture has
greater emission. This is due to the mass oxygen which is
about %10 present in ester. After the test conducted with
esters, it is observed that there are carbon particles in
injectors (Zay, George 1996).

It is concluded that vegetable oil esters can be used as
an alternative to diesel fuel. In this researches properties
of fuel, short and long period engine tests production and
cost of this alternative fuel is discussed (Peterson, Reece,
and Moscow 1993).

In a research conducted by Auella, Galtrevi and
Fiumana (1992), it is concluded that vegetable oil
monoester’s has the potential to be used alternative to
petroleum fuels in diesel engines. It is advised that this
fuel should be mixed with kerosene since this fuel’s
chemical and physical properties result in change in
design of the engine.

In a study conducted in 1992, it is proposed that
vegetable oil methyl ester can be used as an alternative
fuel in diesel engine. Purpose of this study is to compare
diesel fuel with soybean oil methyl ester in direct injection
diesel engine. In this study engine performance exhaust
emission and heat loss are inspected and experimental
measurements are done in different nozzle diameter and
different injection time. It is observed that soybean methyl
ester has similar comparable performance and heat loss
value.

In addition it is observed that methyl ester has a better
performance with regards to HC emission and smoke
(Scholl and Sorenson 1992).

Thompson produce rapeseed oil methyl and ethyl ester
then aged this fuel for 24 months. In his experiments he
used rapeseed oil methyl and ethyl ester and aged version
of these fuels. These experiments are conducted with a
direct injection turbocharged engine. It is observed that
ethyl and methyl ester’s moment, power and specific fuel
consumption values are comparable. On the other hand
ethyl ester has lower density than the methyl ester
(Thompson, et. all 1998).

Soya oil ethyl, methyl and butyl esters are used in
direct injection turbocharged engine. It is observed that
esters have comparable performance with respect to diesel
fuel, when the HC, CO and particles are considered this
emission. Properties have also similar values to diesel
fuel. On the other hand emissions of the esters come to be
higher than the diesel fuel.
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3. BITKISEL YAG ESTERININ URETiMI ILE
FiZiKSEL VE KIMYASAL OZELLIiKLERIi

Ester {iiretimi ile ilgili olarak degisik uygulamalar
olmakla birlikte yaygin olarak kullanilan ester tiretim sekli
4 Mol Bitkisel yag ile 1 Mol etanolun Katalizér yardimi
ile 2-5 saat reaksiyona sokulmasidir.

Kullanilan Aycigek Yagi Etil Esterinin {iretimi ise
sOyledir. Kiitlesel olarak 100 gr bitkisel yag 20 gram
etanol 5 gr siilfiirik asit kangtirlarak 65-80 °C 2-5 saat
reaksiyona sokulmustur. Daha sonra elde edilen ham ester
distile edilerek saf etil ester elde edilmistir.Tablodan da
goriilecegi lizere aygicek yagi etil esterinin dizel
motorlarinda kullanilmas: igin gerekli fiziksel ve kimyasal
ozellikleri dizel yakitina yakindir. Ornegin 1s1l degerinin
yiksek olusu etil esteri alternatif yakit olarak
disiindiirmektedir.

G.U. J. Sci., 18(3):545-553 (2005)/ HasanYamik*, Yakup I¢cingiir

3. PRODUCTION OF VEGETABLE OIL ESTERS
AND CHEMICAL AND PHYSICAL PROPERTIES
OF THESE ESTERS.

Although there are various methods for the production
of ester, commonly used method is the reaction of 4
moles of vegetable oil and 1 mol of ethanol with a
catalyze about 2-5 hours.

The sunflower oil ethyl ester used in the study
produced in the following manner. 100 gr. vegetable oil,
20 gr. ethanol and 5 gr. sulfuric acid mixed and heat at 65-
80 °C for 2-5 hours, after that produced raw ester is
distilled. Physical and chemical properties of sunflower oil
ethyl ester are similar to diesel fuel as it can be seen in
Table 2. Since the heating value of the ethyl ester is high,
it can be used as an alternative fuel.

Table 2. Physical and chemistrical properties of diesel fuel and sunflower oil ethyl ester used in tests
Cizelge 2. Deneyde kullanilan aycigek yag: etil esteri ile dizel yakitinin fiziksel ve kimyasal dzellikleri

OZELLiKLER/PROPERTIES AYCICEK ETIiL ESTERI/SUN | DIZEL YAKITI/DIiESEL
FLOWER ETHYL ESTER FUEL
Isil Deger/Head value (kJ/kg) 30436 40570
Kinematik viskozite/Kinematic viscosity

(40 °C) (¢S1) 7,48 39

Yogunluk/Density (kg/l) (20 "C) 0,890 0,810
Karbon(Kiitlesel %) /Carbon 77 85
Hidrojen (Kiitlesel %) /Hydrogen 11,7 15
Oksijen (Kiitlesel %) /Oxygen 11,2 -

4. DENEYSEL CALISMALAR

Yakit  Anadolu  Universitesi ~ Bilecik ~ Meslek
Yiksekokulu ~ Kimya  Boliimi laboratuarlarinda
{iretilmistir. Deneyler Gazi Universitesi Teknik Egitim
Fakiiltesi Otomotiv Anabilim Dali Laboratuarlarinda
yapilmustir.

4.1. Deney Diizenegi

Uretilen aygigek yagi etil esterinin dizel yakiti ile
karsilastirilmast amaci ile dizel motoru, dinamometre,
eksoz gaz analiz cihazindan olusan deney diizenegi
yapilmigtir. Yakit kiitlesel olarak Olgiilmiistiir. Duman
koyulugu ol¢iimiinde VLT 2600 S marka duman 6lgiim
cihazi kullamilmigtir. Ses seviyesi AZ 8928 Dijital Sound
Meter 40-130 ile Olciilmiistiir. Deney yakiti ile yapilan
6l¢limlerde motorun dizel yakiti ile 1sinmasi saglanmistir

4. EXPERIMENT

Fuel used in this study is produced in Anadolu
University Bilecik vocational school Chemistry
Department Laboratories. The experiments are conducted
in Gazi University Technical Education Faculty
Automotive laboratory.

4.1 Experiment Set-up

Diesel fuel meter, dynamometer, exhaust gas analyzer
device are used in order to determine the performance and
emissions of the sunflower oil ethyl ester and diesel fuel;.
The smoke was measured by VLT 2600 S type smoke
meter. Noise level is measured with A2 8928 Digital
Sound meter. Diesel fuel is used during the start up period.
The tests were conducted with the experiment fuels.
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Figure 1.Schematic View of the Experimental Set up
Sekil 1. Deney Diizenegi Goriintisii (Sematik)
4.2. Deney Metodu

Dizel yakiti 1ile aycigek yag1 etil esterinin
karsilastirilmasi sonucu elde edilen veriler igin tam gaz
degisik hiz testi yapilmistir. Deney 6ncesi Motor yag1 ve
Filtresi degistirilmistir. Ayrica deneyler dncesinde motor
dizel yakiti ile yaklagik olarak 10 dakika c¢aligtirilarak
sitilmig ve dlglimlere motor ¢alisma sicakligima geldikten
sonra baslanmistir. 1k denemeler dizel yakiti ile
yapilmistir. Dizel yakit1 ve aygicek etil esteri igin tam gaz
degisik hiz testi ile motor performans degerleri moment,
giic, Ozgiil yakit sarfiyati, avans degisimine bagli olarak
tork degisimi ses degerleri 6l¢iilmiistiir.

4.2.1. Tork Degisimi

Dizel yakiti ile aygicek yagi etil esterinin tam yiik
degisik hiz testi ile elde edilen motor tork degisimi
sonuglart Sekil 2’ de gosterilmistir.Dizel yakitinda en
yiiksek tork 2400 1/min’ de 22,35 Nm, etil esterde en
yiiksek tork 2250 1/min’ de 20,6 Nm olarak dl¢iilmiistir.
1500 1/min’ de dizel yakiti ile etil esterde Sl¢iilen tork
sirasi ile 17,6 Nm ve 17,2 Nm dir. Motor devrinin artmasi
ile iki yakit arasindaki fark artmaktadir. Bu farkin
olusmasinda; etil esterin viskozitesinin dizel yakitindan iki
kat yiliksek olmast ve dolayisiyla  piiskiirtme
karakteristiklerin etkilenmesi, ayrica etil esterin 1s1l
degerinin diisiik olmasinin etkili oldugu sdylenebilir.

4.2 Experiment Method

The tests are conducted at full load and with variable
speed. Before tests, oil and air filter are changed on the
experiment engine. The test engine was run to reach the
normal working temperature about 10 minutes with the
diesel fuel. All the test conditions were kept constant for
each experiment. First measurement is conducted with the
diesel fuel then sunflower ethyl ester is used. Engine
power output and torque, specific fuel consumption and
noise level were measured at the engine speeds starting
from 4200 to 1400 1/min at full engine load condition.

4.2.1 Change of Torque

Torque values of diesel fuel and sunflower ethyl ester
at full load variable speed are shown in Figure 2
Maximum torque is measured as 22, 55 Nm at 2400 I/min
for the diesel fuel, and for the ethyl ester it is 20, 6 Nm at
2250 U/min. At 1500 I/min, torque is measured as 17, 6
Nm and 17, 2 Nm for diesel fuel and ethyl ester
respectively. When the engine speed increased, the torque
values increases the difference between diesel fuel and
ethyl ester. This is due to viscosity of ethyl ester which is
twice the diesel fuel and heating value of ethyl ester which
is lower then the diesel fuel.
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Figure 2. Torque values of diesel fuel and sunflower ethyl ester at full load variable speed
Sekil 2. Tam yiik degisik devirde dizel yakit1 ile aygigek etil esteri yakitlarinin motor tork degisimleri.
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4.2.2. Gii¢ Degisimi

Sekil 3> de dizel yakiti ile aycigek etil esteri
yakitlariin efektif gii¢ degisimleri goriilmektedir. 3900
1/min’ de dizel yakit1 ile etil ester de hesaplanan giigler
sirasi ile 7,35 kW ve 6,23” kW dir. 2400 1/min’ de dizel
yakitinin  hesaplanana giicii 5,62 kW etil esterin
hesaplanan giicii ise 5,10 kW dir.

G.U. J. Sci., 18(3):545-553 (2005)/ HasanYamik*, Yakup I¢cingiir

4.2.2 Change of Power

The effective power values for diesel fuel and
sunflower ethyl ester are indicated in Figure 3. Calculated
power for diesel fuel is 7, 35 kW at 3900 I/min and 6, 23
kW for ethyl ester. Calculated power values are 5, 62 kW
at 2400 /min and 5, 10 kW for diesel fuel and ethyl ester
respectively.

B I T T I T T
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7| : : 1
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- : |
& Diesell Dizel | |
YA Fthyl Esterd | 1
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A~ 3t : ; i
2 L ; L
fice 2100 Z1 00 4100 5100
Speed /Devir 1 fnin

Figure 3. Power values of diesel fuel and sunflower ethyl ester at full load variable speed
Sekil 3. Tam yiik degisik devirde dizel yakit1 ile aygigek etil esteri yakitlarinin motor gii¢ degisimleri

4.2.3. Ozgiil Yalat Tiiketimi

Her iki yakit ile yapilan g¢alismalarda olgiilen 6zgiil
yakit tiiketimi degerleri Sekil 4‘te goriilmektedir. Dizel
yakitinin en diisiik 6zgiil yakit sarfiyatina sahip oldugu
deger 2250 1/min’ de 324,73 gr/kWh iken etil ester 2550
1/min’ de 835,53 gr/kWh’ lik 6zgiil sarfiyatina sahiptir.
Dizel yakati ile etil esterin 6zgiil yakit sarfiyatlar1 arasinda
olusan biiyiik farkin nedeni etil esterin yiiksek viskozitesi
ve diisik 1s1l degerinden dolayr yakit sevkinin
arttirilmasindan kaynaklanmaktadir

4.2.3 Specific Fuel Consumption

The specific consumption is shown in Figure 4 for
diesel fuel and sunflower ethyl ester. Minimum specific
fuel consumption for diesel fuel is 324, 73 g/kWh at 2250
1/min and for ethyl ester it is 835, 53 g/kWh at 2550 1/min.
This huge difference is due to high viscosity and low heat
value of the ethyl ester.
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Figure 4. Specific fuel consumption values of diesel fuel and sunflower ethyl ester at full load variable speed
Sekil 4. Tam yiik degisik devirde dizel yakiti ile aygigek etil esteri yakitlarinin 6zgiil yakit tiiketimi degisimleri
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4.2.4. Duman Koyulugu

Sekil 5° te Dizel yakiti ile aycigek etil esteri
yakitlarmin tam yiik degisik devirde duman koyulugu
degerleri goriilmektedir. En yiliksek momentin 6l¢iildiigii
2400 1/min’ de dizel yakitinda 6lgiilen duman koyulugu
degeri %33,6 iken aygicek etil esterinde bu deger % 41,7
olarak Ol¢iilmiistiir. En yiliksek giiciin 6l¢iildiigii 3900
1/min’ de ise dizel yakitinin duman koyulugu degeri % 55,
aycicek etil esterinin duman koyulugu degeri %67,6 olarak
Olgtilmistiir.

4.2.4. Smoke Level

The smoke values are given in Figure 5. for diesel fuel
and ethyl ester at full load variable speed test. Max torque
values are measured at 2400 I/min. Smoke values are
measured as %33, 6 for diesel fuel. Sunflower ethyl ester
smoke value is measured as %41, 7. Figure 5. Smoke
values of diesel fuel and sunflower ethyl ester at full load
variable speed. Maximum power is measured at 3900
1/min; at this point smoke values are measured as %55 for
diesel fuel and % 67, 6 for sunflower ethyl ester.
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Figure 5. Smoke values % of diesel fuel and sunflower ethyl ester at full load variable speed
Sekil 5. Tam yiik degisik devirde dizel yakit1 ile aygigek etil esteri yakitlarinin duman koyulugu degisimleri

4.2.5. Avansa Bagh TorkDegisimi

Sekil 6’ te dizel yakit1 ile aygigek etil esterinin
maksimum motor torkunun saglandigi 2400 1/min de
enjeksiyon avansina bagli olarak tork degisimi
goriilmektedir. Dizel yakitmn en yiksek torku 20 °
enjeksiyon avansinda 22.35 Nm olarak 6l¢iilmiistiir. Ayni
devirde aygigek etil esterinde en yiiksek tork 20,6 Nm
olarak 17 ° enjeksiyon avansinda olgiilmiistir. 12 °
enjeksiyon avansinda dizel yakiti ile etil esterde dlgiilen
tork sirastyla 19,85 Nm ve 19,70 Nm olarak 6l¢iilmiigtiir.

4.2.5 Torque Change Depend on Injection Advance

The change of torque with respect to injection advance
at the max torque value at 2400 I/min is shown in Figure
6. For diesel fuel max torque is obtained as 22, 35 Nm at
20° injection advance. At the same speed for sunflower
ethyl ester max torque is obtained as 20, 6 Nm at 17°
injection advance. Torque values for 12° injection advance
are measured as 19, 85 Nm and 19, 70 Nm for diesel fuel
and ethyl ester respectively.
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Figure 6. Torque values of diesel fuel and sunflower ethyl ester as a function of injection time at 2400 1/min
Sekil 6. 2400 1/min de dizel yakit1 ile aygigek etil esterinin enjeksiyon avansina bagli moment degisimleri.

4.2.6. Ses Seviyesi Degisimi

Sekil 7’ de dizel yakit1 ile aygicek etil esterinin tam yiik
degisik hizda ses seviyesi degisimleri gosterilmektedir.

4.2.6 Change of Noise Level

The noise levels for diesel fuel and sunflower ethyl
ester are given in Figure 7 at full load variable speed test.
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Ses seviyesi en yiiksek momentin dl¢iildigii 2400 1/min’
de dizel yakitinda 93,7 dB iken, aycigek etil esterinde en
yiiksek momentin 6l¢iildiigii 2250 1/min’ de 92,9 dB
olarak Olciilmiistiir. En yiliksek giiciin 6lciildiigi 3900
1/min’ de ise dizel yakit1 ile etil esterin ses seviyesi 98,6
dB olarak oOl¢iilmiistiir. Genel olarak goriilmektedir ki
yaklagik olarak tiim devirlerde aygicek etil esteri dizel
yakitina gére daha sessiz ¢aligmaktadir.

G.U. J. Sci., 18(3):545-553 (2005)/ HasanYamik*, Yakup I¢cingiir

Noise level is measured as 93, 7 dB at 2400 1/min for
diesel fuel and 92, 9 dB at 2250 I/min for sunflower ethyl
ester. At 3900 1/min where max power value is measured
for diesel fuel and sunflower ethyl ester noise level is
measured as 98, 6 dB as it can be observed from the figure
7 sunflower ethyl ester has a lower noise level then the
diesel fuel.
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Figure 7. Noise levels of diesel fuel and sunflower ethyl ester at full load variable speed
Sekil 7. Tam yiik degisik devirde dizel yakiti ile aycigek etil esterinin ses seviyesi degisimleri.

5. SONUC

Yapilan deney sonuglarna gore aygigek etil esterinin
kisa siireli performans testlerinde dizel yakitina yakin
sonuglar verdigi goriilmiistiir. Sadece Ozgil yakit
sarfiyatlarinda iki yakit arasinda biiyiik fark olusmaktadir.
Bu calismada ham aycicek yagi etanol ve katalizor ile
reaksiyona sokularak ham aygcicek etil esteri elde
edilmistir. Fiziksel ve kimyasal Ozelliklerinin dizel
yakitina yakin oldugu goriilmektedir.

Yapilan ¢alismada maksimumu motor momentinin
olciildiigli 2400 1/min de dizel yakit1 ile aygigek etil esteri
arasindaki tork degeri farki %8, en yiiksek giiclin
6leiildiigii 3900 1/min da iki yakit arasindaki tork degeri
farki %18 tiir. Yine ayn1 devirlerde efektif gii¢ arasindaki
fark sirast ile %10 ve %17 dir. Ozgiil yakit tiiketiminde ise
ayni devirlerde ise iki yakit arasinda ki fark ¢ok fazladir
bunun nedeni ise aygicek etil esterinin alt 1s1l degerini
diisiik olmas1 donucunda, birim gii¢ basina tiiketilen yakit
miktarinin ~ fazla olmasidir. Duman koyuluklarina
bakildiginda en yiiksek moment ve en yiiksek gii¢
devirlerinin 6l¢iildiigii devirlerde sirasi ile %14 ve %22
fark ol¢lilmiistiir. Ses sevilerine bakildiginda aygigek etil
esteri dizel yakitindan tiim devirlerde daha az ses
tiretmistir.Giinlimiiz sartlarinda esterler tamamen dizel
yakiti yerine  kullanilamaz. Fakat oOzellikle kirletici
emisyonlar bakimindan dizel yakitindan daha iyi sonuglar
verdigi igin alternatif olarak diistiniilebilir.
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