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Abstract

Recently, legislation on the reduction of emissions from motor vehicles has led to intensive studies in this area. In these
studies, it is observed that the research and use of alternative fuels, which are less polluting than petroleum-derived
fuels, is emphasized. Especially in the field of lubrication, the alternatives to oils are being studied rapidly and the
number of publications is increasing. In general, four-stroke engines are more focused on these studies while they are
being carried out and studies about them in general are being carried out. What distinguishes this work from the others
is that it covers two-stroke engines. Furthermore, the effect of the use of these oils on Wear has also been studied. In
this study, motor oil and various vegetable oils were added to the gasoline by 5% and 10% volumetric (v/v), and the
effects of these additives on fuel consumption and exhaust emissions were investigated experimentally. In addition, the
amount of wear on the compression ring was determined in long-term 50-hour and 100-hour operation situations. As a
result of the study, there was an increase in fuel consumption, is, HC, CO emissions and a decrease in NOyx and CO,
emissions by using vegetable oil compared to petroleum-derived mineral oil. VVegetable oils have been shown to cause
more wear on the compression ring than mineral oil.

Keywords: Two-Stroke Engine, Lubrication, Renewable Energy, Vegetable Oil, Exhaust Emissions.

Iki Zamanli Benzinli Bir Motorda Yaglama Yag Olarak Bitkisel Yag Kullanimi

Ozet

Son zamanlarda motorlu tasitlardan kaynaklanan emisyonlarmmin azaltilmast iizerine yapilan yasal diizenlemeler, bu
alanda yogun ¢alismalarin yapilmasina neden olmustur. Bu nedenle bu alandaki ¢alismalar her gegen giin hiz
kazanmaktadir. Yapilan bu ¢alismada benzinin icerisine hacimsel olarak (v/v) %5 ve %10 oranlarinda motor yag ve
cesitli bitkisel yaglar katilmis, bu katkilarin yakit tiiketimi ve egzoz emisyonlarina etkileri deneysel olarak incelenmistir.
Ayrica uzun siireli 50 saatlik ve 100 saatlik ¢alisma durumlarinda 1. segmandaki asinma miktart tespit edilmistir.
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Calismada iki zamanl benzinli bir motor kullanilmistir. Yapilan ¢alisma sonucunda, petrol kaynakli madeni yaga gore
venilenebilir yag kullanilmasi ile birlikte yakit tiiketimi, is, HC, CO emisyonlarinda artis ve NOx ile CO,
emisyonlarinda azalma meydana geldigi tespit edilmistir. Segmanlardaki asinmanin tespit edilmesi icin yapilan 50
saatlik ve 100 saatlik ¢alisma sonrasinda ise madeni yag kullanimina gore her yakit karisiminda asimmma oldugu
goriilmiistiir.

Anahtar Kelimeler: [ki Zamanli Motor, Siirtimme, Yenilenebilir Enerji, Bitkisel Yaglar, Egzoz Emisyonu.

1. Introduction

In parallel with the population growth, the use of motor vehicles powered by fossil-derived
fuel is increasing every day. Climate changes and increasing costs caused by fossil-derived fuel use
have necessitated the production of energy, particularly from waste or renewable sources (Simio et
al. 2012). Spark-ignition and compression ignition engines as an alternative to petroleum based fuels
used in various types of alcohol, hydrogen, acetylene, natural gas (CNG, LNG), various Fatty Esters
(biodiesel) and on the availability of fuels are made in similar research (Kumar et al. 2005; Kumar et
al. 2006; Celik and Balki 2007; Catalufia, et al. 2008; Demirbas, 2009; Canak¢1 et al. 2009; Hazar and
Aydin 2010; Rakopoulos, et al. 2011; Tangdz 2017; Hu et al. 2009; Lakshmanan, and Nagarajan, 2011;
Korakianitis, et al. 2011; Baskar, and Aiswarya, 2016; Calam et al. 2015; Emiroglu and Sen 2018). It is
observed that vegetable and animal oils are more suitable for diesel engines than these alternative
fuels, and therefore studies on their use in diesel engines have increased (Kalam, and Masjuki, 2004;
Altun et al. 2008; Nwafor,2003; Chauhan, 2010).

Vegetable oils are advantageous compared to other alternative fuels because they are
renewable, have low emissions resulting from combustion, contain almost no sulfur elements, and
can be used without modification in engines (Altun et al. 2008; Ozel et al. 2020). Because of these and
other advantages seen as a major source of renewable energy, vegetable oils of high viscosity, high
density, and boiling point due to various disadvantages such as low volatility for long-term use is
not suitable without any improvement in internal combustion engines (Rakopoulos, 2011; Ulusoy et al
2013; Meher, et al. 2006). Long-term use in the case of the formation of carbon residues in the
injectors and in the combustion chamber and, as a result, the piston compression of the vessels,
clogging of the fuel filter, the deformation of the rubber gasket, bad fuel atomization in the cylinder
walls and the unburned engine lubrication oil causes thinning of the oil mingling with (Nwafor,
2003; Meher, et al. 2006; Klimkiewicz, et al. 2013).

In order to prevent these problems caused by using vegetable oils directly in the engine, the
viscosity of the oil must be reduced (Nwafor, et al. 2003). Generally investigated methods for

lowering the viscosity of these oils are mixing, heating and re-esterification with fuel (Hazar and
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Aydin 2010; Nwafor, 2003). In this study, olive pomace oil, sunflower oil and waste frying oil,
which are renewable sources, were used by creating a mixture with fuel in certain proportions. The
oil used as waste frying oil in this study is the frying oil used for cooking purposes at high
temperatures and the edible oils mixed into kitchen waste. A lot of waste oil is produced every day
in homes, restaurants, food processing industry and fast food stores around the world (Sanjid, et al
2013).

It is possible to summarize the outstanding studies on the use of vegetable oils in internal
combustion engines without any improvement as follows; Schlick et al. (1988), in their study
unrefined sunflower oil and soybean oil no.2 used in a naturally aspirated, three-cylinder, direct
injection diesel engine by volumetric mixing with diesel fuel. Power output, thermal efficiency and
lubrication oil data were examined and the results were satisfactory. After a long 200-hour study;, it
was determined that excessive carbon residues were formed given the general condition of the
combustion chamber and fuel injectors. In their study (2000), Karaosmanoglu et al. tested sunflower
oil in a single cylinder air-cooled diesel engine for 50 hours under partial load conditions. During
the engine tests performed with sunflower oil, no significant problems were encountered. At the end
of the study, it was stated that sunflower oil could be an alternative candidate for diesel fuel.

In their study, Canakci et al. (2009) tested simple sunflower oil (PCSO) heated in a naturally
aspirated front combustion chamber diesel engine. They compared the combustion and emission
characteristics of pure sunflower oil with that of petroleum-based diesel fuel (PBDF). They found
that in the case of PCSO use at a temperature of 75 °C, the cylinder gas pressure and heat release
curves are similar to PBDF. Compared to PBDF, it has been stated that the ignition delay for PCSO
is longer and the start of spray time is earlier. There was a 1.36% decrease in average brake torque
for the PCSO. With PCSO use, CO,, soot and unburned HC emissions decreased, while CO
emissions increased by insignificant amounts.

In their study, Yu et al. (2002) investigated the effect of waste frying oil on engine
performance, combustion analysis, and exhaust emissions. The uncontrolled combustion phase was
found to be less intense than working with diesel fuel due to shorter ignition delay if waste frying
oil was used. Due to the lower combustion volume, the peak pressure of waste frying oil was 1.5
bar higher and 1.1-3.8 degrees earlier than diesel. Compared to diesel fuel, CO, NO and SO,
emissions obtained from waste frying oil were higher.

Nanthagopal and Subbarao (2009) conducted research on the emission and performance

characteristics of direct-jet diesel engine emulsion of waste frying oil and diesel fuel with different
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proportions of water (10%, 20% and 30%). NOx and CO emissions were reduced by increased
water content in waste frying oil-diesel fuel emulsion. Compared to diesel fuel, there was an
increase of approximately 2.78% in brake thermal efficiency with a water content of 20%. As a
result of the experimental study, it was stated that 20% water content gave optimum results.

Capuano et al (2017) in their comprehensive review of direct use of waste vegetable oils
(WVO) in internal combustion engines, it was found that in general, WVO offers longer ignition
delays, increases in specific fuel consumption as well as decreased engine efficiency, lower torque
and power due to lower thermal value of WVO, and increased exhaust gas temperature with use of
WVO. Polluting emissions co, HC, NOx, SO,, CO, and soot emissions from which conflicting
results are obtained, but on average; There was an increase in CO and HC emissions and a decrease
in coz emissions when WVO was used. It has been stated that NOx and PM emissions are
significantly affected by measurement systems and that the presence of oxygen in fat molecules and
the absence of aromatic compounds tend to create NOX.

Bari et al (2004) investigated the effect of using waste frying oil in a direct injection engine at
different fuel firing Times on combustion, performance and emissions and compared the results
with diesel fuel. They found that waste frying oil and diesel fuel had similar reactions to the change
in ignition advance. It has been stated that combustion starts early with early ignition timing for
both fuels and higher peak pressures are reached at earlier crankshaft angles. The timing of ignition
4 degrees earlier resulted in better engine performance and 1.1% higher brake thermal efficiency
was achieved with 1.6% diesel fuel with waste frying oil, CO emissions decreased by 9.9% with
WCO and 44.9% with diesel fuel, but NOx emissions increased by 76.6% with WCO and increased
by 91.4% with diesel fuel. In all operating situations, WCO was found to have a shorter ignition
delay than diesel fuel, but it was stated that the ignition delay obtained when working with WCO
compared to diesel fuel was more sensitive to engine load and ignition time.

In their study, Kalam et al (2011) used the waste palm oil and the waste coconut oil in a diesel
engine by mixing 5% of it into diesel fuel, examining engine performance and exhaust emissions.
By using 5% waste palm oil and waste coconut oil mixtures, brake power was reduced by 1.2% and
0.7%, respectively, compared to diesel fuel. There has also been a reduction in HC, is, CO and NOx
emissions with both waste frying oil mixtures. Kumar et al. (2014) investigated the effect of the use
of waste frying oil and waste frying oil emulsion on engine performance, exhaust emissions, and
combustion in a single-cylinder water-cooled diesel engine. HC, CO and soot emissions have

increased in the case of waste frying oil use. A significant reduction in all emissions was achieved
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by WCO emulsion. In-cylinder maximum pressure and maximum pressure increase speed were
found to be higher with WCO emulsion compared to plain WCO, especially at high power outputs.
Ignition delay was found to be higher with WCO and WCO emulsion than with diesel fuel. Corsini
et al. (2016) conducted work on the use of different ratios of diesel fuel waste frying oil (WCQO)
mixtures in the four-cylinder common rail diesel engine. The results of the study were compared
with the values obtained in diesel and WCO use. Engine torque and efficiency deteriorated with the
use of WCO, the biggest difference between diesel fuel and WCO.

Olive pomace oil the literature on the effect on engine performance and exhaust emissions
study of biodiesel and olive pomace oil is converted into fuel where fuel properties are generally
improved, then simple diesel fuel with biodiesel or a mixture in certain proportions observed by
creating engines that can be used in (Caynak et al. 2009; Yiicel 2011; Redel-Macias, et al. 2012a;
Redel-Macias, et al. 2012b; Lopez, et al. 2014; Lopez, et al. 2016; Dodos 2017).

As is known, many motorcycle engines, water engines, tree saw engines etc. the engines are
two-timing. These engines do not have a separate lubrication system as in four-stroke engines and
the process of lubricating the engine is carried out by mixing the engine oil into the fuel at certain
rates. Self-aspirated water pump was used in the study. The water pump is powered by a two-stroke,
carbureted, naturally aspirated gasoline engine. The two-stroke engine used by the manufacturer is
recommended to use pre-mixed gasoline as fuel. Fuel mixture (fuel/oil) is limited by the
manufacturer to 1/50 and 1/25 ratio (Anonim 2020).

When the literature studies were examined, it was observed that alcohols were generally used
as alternative fuels in Spark Plug-fired engines, and that there were limited studies on the use of
mineral oil and vegetable oils as direct fuel additives (Kumar, 2012; Senthilkumar, 2015). In this
study, a single-cylinder, carbureted, spark plug-fired, two-stroke gasoline engine used in
agricultural irrigation was used. This engine's fuel by volume in 1/20 (5% oil - 95% gasoline) and
1/10 (10% oil - 90% gasoline) in the rates of two-stroke engine oil and various vegetable oils (crude
olive pomace oil, refined olive pomace oil, crude sunflower oil, refined sunflower oil and waste
cooking oil) mixed, fuel consumption, exhaust emissions, change the amount of wear on piston
rings compression was investigated. For the examination of the amount of wear in the compression
ring, the engine was operated in 50-hour and 100-hour periods with each yolk and 1. the amount of

wear on the compression ring has been determined.
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2. Material and Method

The engine experiments were carried out with a single cylinder, spark plug-fired, carbureted,
two-stroke petrol Oleo-Mac model SA 45 engine. A centrifugal water pump connected to the
crankshaft provided the engine to operate under load. Centrifugal pumps are generally used for the
extraction of liquids. During this process, the desired power is provided from the internal
combustion engine in general in regions where there is no electrical possibility. As is known, the
power given to the fluid by the pump varies depending on the density of the fluid, the height of the
fluid pulling or pressing, and the flow rate (Korkmaz 2015).

During the experiments, the water pump was provided to press and pull water from a height of
5 meters. In this way, the water pump connected to the engine is operated under load during
pressing and pulling of the water. In order to calculate the power values in the experiments and to
make comparisons, the filling time of a water container with a volume of 50 liters was taken into
account each time. Before the experiments, the engine was started and expected to reach operating
temperature. When the engine reaches its operating temperature, the pump part of the engine is
submerged in the water and the water is drawn. With the withdrawal of water, the engine started to
load, the centrifugal pump air intake operations were done and the pump and engine were provided
to operate in a fixed regime. After this stage, the output pipe of the pump was left in the empty
container of 50 liters and the filling time of the container was recorded with the stopwatch. In the
meantime, the engine speed was measured by a laser speedometer over the engine crankshaft. The
flow rate of the water pump was calculated by taking note of the data obtained. The experiments
were repeated three times in each fuel mixture to determine the flow rate measurement value. The
experiments were first started using standard fuels such as gasoline-engine oil mixtures. The
obtained values were based on and the calculated flow rate values were tried to be reached in all
studies. For this reason, the position of the gas arm was changed and the experiments were repeated.
Thus, a fixed load design was created and the effects of different fuel mixtures could be studied by
capturing the same conditions. The data obtained is graphed and examined in the discussion section.
The schematic picture of the experiment is given in Figure 1. The characteristics of the experiment

engine and centrifugal pump are given in Table 1.
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Figure 1. Schematic view of the test setup
Table 1. The features of the test motor and the centrifugal pump
Brand Oleo-Mac SA 45
Engine Power (HP) 3.4
Cylinder Volume (cm®) 98.2
Fuel Tank Capacity (I) 2.7
Pump Type Centrifugal
Suction and Discharge Pipe Diameter (mm) 50.8
Intake Depth (m) 75
Pressure Height (m) 40
Maximum Flow Rate (I/sn) 9.6

The flow of water is an important parameter used in calculating motor power. Therefore, the
flow rate was calculated using Equation 1 from the filling time of the tank determined by the

stopwatch.

(%) (1)
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In the flow rate calculation, V is the volume of the container (m®) and t is the filling time of
the container (h). Water pumps absorb liquid fluid from a certain height during operation and carry
water by pressing it in a pressurized manner to a certain height. During this process, a job is done
and energy is wasted. The work done by the motor in unit time during the displacement of water
(W) is calculated by Equation 2 (Vedat et al. 2009).

Gi¢c =p.g.Q.Hm (W) (2)

Here, p refers to the density of the fluid (kg/m®), g refers to the gravity acceleration (m/s?), Q
refers to the flow rate (m®/s), Hm refers to the pressure height (m) of the fluid. In these calculations,
all losses are ignored.

In two-stroke engines, lubrication is provided by lubricating oils added to the engine fuel.
Therefore, both the fuel and the lubricating oil added to it are burned by the engine. The
experimental study of motor oil (EO), crude olive pomace oil (CPO), refined olive pomace oil
(RPO), crude sunflower oil (CSO), refined sunflower oil (RSO) and waste cooking oil (WCO)
motor fuel by volume in 1/20 (5% 0il-95% gasoline) and 1/10 (10% 0il-90% gasoline) mixing ratios
for the fuel blends used in the experiments were obtained. The engine was first operated in
accordance with normal operating conditions by using engine oil/gasoline mixtures of 1/20 (5% oil-
95% gasoline) and 1/25 (4% Oil-96% gasoline) in volumetric proportions. Later experiments with
fuel mixtures created with CPO, RPO, CSO, RSO and WCO were repeated. In the second part of
the experiments, the engine was subjected to a long-term operation regime of 50 and 100 hours in
order to determine the condition of the segments. This was done when the engine was under load.
Experiments were repeated with each fuel mixture exposing the engine to 50-and 100-hour
operating hours. At the start of each experiment, all segments of the engine (oil and compaction
ring) were renewed. In order to detect wear on the Rings, The Rings were weighed separately
before and after Operation. At the end of the experiment, the engine was dismantled, 1. the wear
condition of the compression ring was examined. All delusions on the ring have been cleared before
starting the weighing process. Afterwards, the ring was measured with a precision scale and the
amount of wear was determined. It is filtered before frying and using raw oils and heated by stirring
for 15 minutes at 110 °C temperature against the water that may be in the body. In addition of oil to
gasoline, isopropyl alcohol is added to the mixture at a rate of 1% by volume to ensure that the oil is

completely dissolved in gasoline. Table 2 gives the main physical and chemical properties of
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isopropyl alcohol. The ratios and abbreviations of the mixtures used in the experiments are detailed
in Table 3.

Table 2. Physical and chemical properties of isopropyl alcohol (Aksoy and Bayrakgeken 2010)

] Mole Kinematic ] Thermal - Flash Ignition
Chemical o Density 20 Boiling )
Mass Viscosity 25 °C ) Value ) Point Temperature
Formula 5 °C (g/lcm) Point (°C)
(g/mol) (mm?</s) (kJ/kg) (°C) (°C)
C;H,0OH 60.1 1.96 0.786 33130 82.04 12 425

Table 3. Volume ratios and abbreviations of fuel mixtures

The Type of Qil Gasoline Content (%) Fat Content (%) Abbreviation
. ) 95 5 EO5
Engine Oil
90 10 EO10
. . 95 5 CPO5
Raw Qil Pomace Oil
90 10 CPO10
. . . 95 5 RPO5
Refined Oil Pomace Qil
90 10 RPO10
. . 95 5 CS05
Raw Oil Sunflower Oil
90 10 CS010
. . ) 95 5 RSO5
Refined Oil Sunflower Oil
90 10 RSO10
. . 95 5 WCO5
Waste Frying Oil
90 10 WCO10

The fuel consumption value of the engine was determined using a precise scale and
stopwatch. Emissions were measured from the exhaust pipe output when the engine was running
stable. The exhaust emission values are recorded by measuring them with the ITALO plus exhaust
gas analyzer, given the measurement range in Table 4. The physical and chemical properties of the
oils used in the study are given in Table 5.
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Table 4. Properties of the ITALO PLUS exhaust gas analyzer

Measurement Measurement Range Sensitivity

CO (vol. %) 0-10.00 +0.06%
CO:s (vol. %) 0-20.00 +0.5%
NOx (ppm) 0-2000 +5
HC (ppm) 0-50000 n-hexan +12
0> (vol. %) 0-21 +0.1%
Soot (%) 0-20 +0.1%

Table 5. Chemical and physical properties of oils (Avcioglu et al. 2011; Ogiit and Oguz 2011; Wang et al.

2019)
Fuel Kinematic Viscosity (mm?%s) Density (g/cm®) Thermal Value (MJ/kg)
Gasoline - 0.74 44.3
Enaine Oil 14 0.892 39.6
Raw Oil Pomace Qil 122.8 0.99 37.6
Refined Oil Pomace Oil 83.5 0.92 36.9
Raw Oil Sunflower Oil 44.6 0.98 36.44
Refined Oil Sunflower Oil 34.2 0.92 38.42
Waste Frvina Oil 28 0.99 35.6

3. Result and Discussion

In two-stroke engines, lubrication is carried out by mixing certain amounts of engine oil into
the fuel. According to the standard gasoline-engine oil mixture in this study, fuel consumption of
alternative oil mixtures to gasoline, NOx, soot, HC, CO, CO, emissions and Engine 1. the effects of
compression tab wear were examined and presented in graphs and the effects were compared.

Fuel consumption indicates the amount the engine consumes after one hour of operation. The
effect of the oils added to the gasoline by volume on fuel consumption is shown in Figure 2. In all
fuel mixtures, fuel consumption was increased along with the increase in the ratio of oil added to
gasoline. As shown in Table 5, the thermal values of vegetable oils are lower than both motor oil
and gasoline. Therefore, the total heat value of the mixture decreased with the increase of the oil
ratio in the mixture and more fuel is needed to do the same work was seen with the measurements
made. WCOS5 and WCO10 mixtures are the two fuel mixtures with the lowest total heat value. As

shown in Figure 2, the highest fuel consumption values occurred with the use of these two fuel
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mixtures. One of the important parameters affecting combustion in Spark Plug fired engines is the
fuel/air mixture ratio. Studies report that the fuel/air ratio varies with the density and viscosity of
fuels in vegetable oil use (Avcioglu et al. 2011). In addition to the thermal value, it is thought that
the increased density and viscosity value relative to gasoline may also lead to increased fuel
consumption values. All fuel mixture ratios increase in fuel consumption compared to EO5 and
EO10 fuel. The highest rate of increase in fuel consumption is 41.5% with WCOS5 fuel and 45.4%
with WCO10 fuel mixture. Similar studies in internal combustion engines also reported an increase

in fuel consumption values with the use of vegetable oil (Awad et al. 2019).

400 EO5
—
350 __J EO10
300 z ﬁ“@% , CPO5
< i , CPO10
> 250 . _
z RPO5
S 200
g RPO10
5 150 BCSO5
c | i 7
3 100 | ECS010
) ERSO5
(I8 i
0 =i Z ©RSO10
EWCO5
Fuel Mixture (vol/vol)

Figure 2. Effect of oil addition on fuel consumption

Figure 3 shows the effect of adding oil to gasoline on nitrogen oxide (NOx) emissions. NOx
emissions are generally known to consist of nitrogen monoxide (NO), nitrogen dioxide (NO;) and
nitrous oxide (N,O) (Kutlar et al. 1998). The formation of NOx emissions is related to the presence
of oxygen during the combustion process as well as the temperature and reaction time of the
combustion reaction (Kutlar et al. 1998). In general, NOx emissions in gasoline engines are
virtually nonexistent. As shown in Figure 3, NOx emissions tend to decrease in the ratio of each oil
mixture with the addition of oil into the gasoline. Overall, the percentage value of the oil in the
mixture increased along with the amount of reduction in NOx emissions. This situation is thought to
change due to the reduction of the thermal value of the fuel. NOx emissions of 48 ppm and 58 ppm
with EO5 and EO10 fuel mixtures were measured at levels 18 and 21 ppm with CSO5 and CSO10
fuel mixtures. The lowest NOx emission value was achieved with CSO10 fuel mixture value. In
general, there are not many studies where vegetable oil additives are used in gasoline engines.

77



Ozer, S., International Journal of Eastern Anatolia Science Engineering and Design (IJEASED) / Uluslararas: Dogu
Anadolu Fen Miihendislik ve Tasarim Dergisi
(2020) 2(1):67-87

However, there are many studies that report that NOx emissions decrease in parallel with the

decrease in thermal value. The results are similar to the (Maria et al. 2016) study in the literature.

60 - EO5
50 EO10
2z CPOS5
40 | o CPO10
é i B RPO5
< RPO10
)
Z 2 B CS05
CS010
10 BRSO5
0 =i @RS010
WCO5
Fuel Mixture (vol/vol)

Figure 3. Effect of oil addition to the gasoline on NOx emissions

The change in soot emissions by adding oil to gasoline is shown in Figure 4. Soot emission is
defined as the presence of carbon particles in the exhaust gas as a result of incomplete combustion
(Kumar et al. 2006). Soot emissions in gasoline engines are ignored and not measured in many
studies. However, in this study, it was decided to measure soot emission values by adding oil to the
engine fuel and taking into account the use of vegetable oil in experiments. When Figure 4 was
examined, soot emissions were increased in all fuel mixtures with the addition of oil into gasoline.
The highest is emission increase was measured at 22% by the wcol10 fuel mix. This increase value
represents an increase of about 300% over the EO10 fuel mixture. The highest is emission increase
was achieved with the WCO10 fuel mixture and the lowest emission value was achieved with the
RPO5 fuel mixture. It is possible to express the factors that cause the increase of soot emission with
the bifurcated bond structure of vegetable oils, viscosity and density values. Studies conducted with
the use of vegetable oils indicate that the tendency to produce soot emission increases according to
the bond structure of oils (Ogiit and Oguz 2011). The results of the study are similar to the literature
(Alessandro, et al. 2019).
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Figure 4. Effect of oil addition to the gasoline on soot emissions

Figure 5 shows the effects of oils added to gasoline on hydrocarbon (HC) emissions. HC
emissions are defined as the emissions that occur as a result of the failure of the fuel in gasoline
engines. Two-stroke engines do not have an engine lubrication system. Therefore, the lubrication
process is realized by adding the engine oil to the gasoline. As shown in Figure 5, HC emissions
increase at each mixture rate with the amount of oil added to the gasoline. It is thought that the
failure of vegetable oils added to the engine oil to burn fully in the cylinder caused the increase in
HC emissions. In addition, the excess of in-cylinder leaks in two-stroke engines is an important
effect that leads to an increase in HC emissions. As is known, the addition of vegetable oil to
gasoline increased the amount of fuel consumption. The increase in the amount of fuel taken into
the cylinder led to an increase in HC emissions from the cylinder. The highest amount of increase in
HC emissions was achieved in the WCO10 fuel mixture. HC emissions of 7 ppm with EO10 engine
oil increased to 22 ppm with WCO10 fuel mixture. The results are similar to the literature (Alander,
2005).
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Figure 5. Effect of oil addition to the gasoline on HC emissions

Figure 6 shows the effects of added oils on carbon monoxide (CO) emissions. CO emissions among
combustion products result from insufficient oxygen (O,) in the environment. In this case, all of the
carbon in the fuel cannot be converted into CO, emissions and remains as CO emissions (Vedat et
al. 2009). As shown in Figure 6, there is an increase in CO emissions in all fuel mixture ratios along
with the amount of vegetable oil added to the gasoline. Because of the high viscosity and density
values of vegetable oils, it is thought that the fuel/air mixture within the cylinder is far from ideal
and causes the combustion to partially worsen, which in turn causes the increase of CO emissions.
The lowest value in CO emissions was achieved by the CPO5 fuel mixture. The highest CO
emissions were achieved when using RSO fuel mixtures. The results of the study are similar to the
literature (Zulfattah, et al. 2019).
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Figure 6. Effect of oil addition to the gasoline on CO emissions
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Figure 7 shows the change in carbon dioxide (CO,) emissions according to the amount of oil
added to gasoline. CO; emission refers to regular combustion in the cylinder. It is observed that
CO; emissions are reduced with the addition of vegetable oil into gasoline. To express this situation
you will need to look at Figure 6. It is stated in the previous section that the combustion is partially
worsened with the addition of vegetable oil and the complete combustion in the cylinder cannot be
performed. Therefore, CO, emissions are expected to decrease. The highest CO, emission value
was measured at 25 ppm with the EO 10 fuel mixture. The lowest CO, emissions were measured at
10 ppm of RPO10 fuel mixture. The results were found to be in harmony with the literature (Yusoff,
etal. 2017).

25 EO5

EO10

20 CPO5
] CPO10

£ 15 el @RPO5
=4 RPO10

g 1 ECSO5
: @CSO010

RSO5
0 RSO10
WCO5

Fuel Mixture (vol/vol)

Figure 7. Effect of oil addition to the gasoline on CO, emissions

Figure 8 shows the effect of oil added to gasoline on Ring wear after 50 and 100 hours of
operation. Ring wear is an important parameter affecting the power of the engine. Wear can occur
when the segments are not fully lubricated due to the reasons such as leaving soot and soot of the
fuel used in the engine, viscosity of the lubricating oil, failure of the others to give the desired
performance according to sufficient and temperature. Compared to the vegetable oils used with
motor oil, there was an increase in the amount of wear in all fuel mixtures. Vegetable oils consist of
chains of three fatty acid molecules bonded to a glycerol molecule called triglycerides. Fatty acids
differ in each vegetable oil with different chain lengths and double bonds (Aksoy et al. 2010). These
differences cause the lubricating properties of oils to change. While the excess amount is more at
low mixture rates, the amount of oil added to the mixture decreases partially with the increase. The
rate of increase in the amount of wear increased as the Working Time increased from 50 hours to
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100 hours. As the amount of soot and soot accumulated on the Rings increases during long working
periods, the amount of wear is expected to increase as a result of the failure of lubricating oils to
enter between the Rings. After 50 hours of operation, the highest amount of wear along with
vegetable oil was obtained with the WCOS5 fuel mixture. The minimum amount of wear was
obtained by RSO10 fuel mixture. The highest amount of wear after 100 hours of operation was

achieved with the WCO5 fuel mixture. The results are similar to the literature (Zulfattah, 2019).
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Figure 8. Effect of oil added to gasoline on ring wear
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Conclusion

In this study, the effects of different fuel mixtures on engine emissions, engine performance

and engine parts in a two-stroke engine were examined and the following results were reached:

1.

With the addition of vegetable oil, increased fuel consumption was observed in all mixtures.
The highest fuel consumption value was achieved in WCO mixtures. A fuel consumption value
of 340 gr/h was determined in the WCO5 fuel mixture and 375 gr/h in the WCO10 fuel mixture.
These values were found to be 41.6% and 43.5% higher than EO5 and EO10 fuel, respectively.
NOx emissions were reduced in all fuel mixtures with the addition of vegetable oil. The highest
reduction in emissions was achieved by CSO fuel mixtures. NOx emissions measured at 21 ppm
with the CSO5 fuel mixture decreased to 10 ppm with the use of the CSO12 fuel mixture. NOx
emissions decreased by 63.8% compared to EO5 fuel mixture when CSO5 fuel mixture was
used and NOx emissions decreased by 75% when CSO10 was used.

There has been an increase in soot emissions in all fuel mixtures. The highest rate of increase
was achieved by WCO fuel mixtures. Soot emissions reached 20% with WCO5 fuel and 22%
with WCO10 fuel. An increase of 214% compared to EO5 fuel by using the WCO5 fuel mixture
and 233% compared to EO10 fuel mixture by using the WCO10 fuel mixture was detected.

All fuel mixtures show an increase in CO emissions. The highest rate of increase was measured
by the use of RSO fuel mixtures. With the use of the RSO5 fuel mixture, the CO emission
measured at 157 ppm increased to 179 ppm with the use of the rsol10 fuel mixture. The increase
in CO emissions was 37% compared to the EO5 fuel mixture and 79% compared to the EO10
fuel mixture.

All fuel mixtures show a reduction in CO, emissions. The highest amount of reduction was
achieved by using RPO fuel mixtures. CO, emissions measured at 20 ppm by using the EO5
fuel mixture decreased to 11 ppm by using the RSO5 fuel mixture, and 25 ppm by using the
EO10 fuel mixture by using the RO10 fuel mixture by up to 10 ppm. The amount of CO,
emissions decreased by 45% compared to the EO5 fuel mixture, while the EO10 fuel mixture
decreased by 60%.

With the use of the EO10 fuel mixture at the end of 50 hours of operation of the engine, the
amount of mass reduction in the segments was 0.7%, while the amount of mass reduction was
0.11% with the use of the EO5 fuel mixture. The lowest amount of wear was achieved in RSO

fuel mixtures.
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7. After 100 hours of operation of the engine, with the use of the EO10 fuel mixture, the amount of
mass reduction in the segments was 0.18%, while the amount of mass reduction was 0.2% with
the use of the EO5 fuel mixture. Despite the long use, RSO is still the fuel mixture where the
amount of wear is minimal.

As a result of this experimental study, it was concluded that different renewable oils could be

used as a direct fuel mixture in two-stroke engines and could be commercially evaluated.
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