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ABSTRACT 
 
In this study, the effects of 20% methanol (BM20) and ethanol (BE20) addition to the 
fuel of a motor scythe with a two-stroke gasoline engine, which is also used as a hand 
tool, were examined. The effects of adding alcohol to gasoline on fuel consumption 
value, the amount of deluge release on the piston, piston overflows and exhaust 
emissions were investigated. The motor scythe was operated for 50 hours and 100 
hours to investigate the amount of wear. With the addition of methanol and ethanol, 
it was determined that the fuel consumption value and wear increased and the amount 
of hallucinations decreased compared to gasoline. In terms of emission values, 
reduction in CO and HC emissions with alcohol use, reduction in CO2 emissions with 
BM20 fuel mixture, increase with BE20 fuel mixture was determined. 
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1. INTRODUCTION 
 
Energy is defined as the ability of machines to work. The machines use solid, liquid 
and gas fuels as a source of energy when doing business. In the world, such fuels are 
of petroleum origin. Therefore, the search for fuels that can be an alternative to oil is 
increasing. At the beginning of this field, publications on a wide range of biological 
origin fuels that have the potential to be used or used in internal combustion engines 
are increasing. In addition, the search for fuel that can be produced with its own 
resources continues in countries that cannot produce oil themselves and that receive 
oil from outside. At this stage, studies focus on both domestic and environmental fuels 
[1]. 
 
However, the studies are generally tested on four-stroke engines with large cylinder 
volume considering the size of their usage areas. However, many hand tools we use 
in daily life (generator, hoeing machine, watering machine, lawn machine, spraying 
machine, etc.) are also used in internal combustion engines [2]. Such hand tools are 
often used in many workplaces and factories. Since this type of hand tools need to be 
carried continuously, motors with small engine volumes are used. Gasoline or diesel 
options are available for sale in these household vehicles used in the fuels used in 
vehicles. An internal combustion engine works by providing thrust with its piston 
under the fuel burned area. After the combustion of the fuel burned in the cylinder is 
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created by the thrust force movement energy is transferred to the hand tool. Internal 
combustion engines are called two-stroke or four-stroke according to the operating 
conditions. Two-stroke engines, which are usually compact and light engines, are 
preferred because hand-held instruments need to be carried continuously. The two-
stroke engines used in hand-held instruments do not have an extra lubrication system 
and the lubrication oil involved in the fuel is used to lubricate the segments. In the 
lubrication process, 2T oils, which are generally included in the fuel at a rate of 1:50, 
are mixed. These oils can sometimes cause adhesion during the long running of the 
engine. Adhesion, which is the simplest type of wear, damages the parts that are 
formed and rubbed by the friction of iron with iron. In internal combustion engines, 
friction of the ring with the shirt or friction of the piston with the cylinder liners can 
damage the piston and the piston rings. In this case, the running engines can become 
inoperable by decreasing power over time [3]. Alcohols can be produced from 
vegetable sources. In general, they come to the fore as the most used alternative fuel 
in vehicles. Today, up to 15% of the gasoline in many countries participating in the 
samples is available [4]. 
 
It has been reported that the high octane number of alcohols causes improvements in 
the operation of the engine, and even increases in engine power by increasing the 
compression ratio [5, 6]. Many studies with the addition of alcohol into gasoline 
indicate that there are no negative effects in terms of engine performance until a certain 
amount of use [7]. Studies also show that some improvements have occurred in the 
addition of alcohol to gasoline in terms of emissions [8]. 
 
Zulfattah et al. [9], studied the effects of spark plug nails on emissions in a two-stroke 
single-cylinder engine and the additional biological oils they add to the fuel. They 
examined the emission parameters by operating the experiment engine in idling, 
medium throttle position and full throttle position to see the effects. They reported that 
emissions changed as the number of quotes increased. 
 
Raviteja, et al. [10],  studied the engine effects of nitromethane, an alcohol type, as a 
fuel additive in an unmanned aerial vehicle with a two-stroke engine, such as thrust, 
rpm, torque, power, brake specific fuel consumption and brake thermal efficiency, and 
compared it with the results of methanol addition. Their data showed that with the 
addition of nitromethane compared to methanol fuel, an increase of approximately 
24% in engine propulsion was observed at mixture rates of 40% by mass. 
 
This study was carried out on a two-stroke single-cylinder 3 hp gasoline engine with 
a lawn mower. These engines do not have a lubrication system, oil is mixed directly 
into gasoline or diesel fuel and lubrication is carried out. In this study, the effect of 
adding 20% ethanol and methanol to gasoline by volume on piston and piston ring 
overshoot and fuel consumption values and emissions was examined. The engine was 
operated under 50-hour and 100-hour conditions in a full throttle position with each 
fuel mixture for wear and tear experiments. 
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2. MATERIAL AND METHOD 
 
A single-cylinder, two-stroke gasoline engine grass scythe was used in this study. 
Some technical specifications of the machine are given in Table 1. The motor scythe 
machine used is shown in Figure 1. Methanol and ethanol used in experiments are 
99.6% pure. The properties of the experimental fuels are given in Tables 2 and 3. 
 
 

Table 1. Technical Specifications of Motor Scythe [11]. 
STHIL FS460 

Cylinder Volume 45.60 cm3 
Engine Power 3 HP 
Total Weight 8.5 kg 
Fuel Capacity 0.75 lt 

 
 
 

Table 2. Characteristic of engine oil [12]. 

FULLTRAC 2T 

Kinematic Viscosity 42.3 mm2/s 
Density 0.873 g/m3 

Flash Point 180 (oC) 
Pour Point -12 (oC) 

 
 
 

Table 3. Properties of fuels use [4, 13,14]. 

 Gasoline Methanol Ethanol 

Chemical Formula C5H10-C12H26 CH3OH C2H5OH 
Density (g/m3) 0.732-0.755 0.796 0.788 
Flash Point (oC) -45 - -13 -40 - -21 12 - 20 

Thermal Value (Mj/kg) 44.3 20.11 26.9 
Octane Number 95 108.7 108.6 

Kinematic Viscosity (mm2/s) 0.37-0.44 0.59 1.19 

 
The manufacturer recommends adding 1:50 lubricating oil to the gasoline for this 
product (STHIL 2019b). Primarily gasoline and alcohol mixtures have been created for 
fuel mixtures. Ethanol and methanol are added to gasoline by 20% by volume. By 
adding 1:50 oil to this mixture, the fuels to be used in the experiments were prepared. 
The fuels were prepared on a daily basis and the duration of operation was recorded 
with a stopwatch and the total working time was determined. In order to measure the 
fuel consumption value, the depletion time of a tank of fuel was measured with the 
help of a stopwatch. 
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Figure 1. The appearance of the motor scythe. 

 
Before the use of each fuel mixture, the engine's piston and piston ring set was 
refurbished. All pistons and ring sets are used in domestic production of Episan 
branded products. Fitted and dismantled engine piston and piston ring sets are shown 
in Figure 2. After the specified usage times, the engine piston and piston ring set were 
removed and weighed on a scale with a sensitivity of 0.0000, which was sediment and 
cleaned from the deposits. Experiments have been repeated for all fuel mixtures. The 
resulting mixtures are expressed in the charts as B100 (100% gasoline) BE20 (80% 
gasoline+20% ethanol) and BM20 (80% gasoline+20% methanol). 

 

                                                     
(a)                                                                                                   (b)  

Figure 2. Dismantled (a) and Fitted (b) pistons and segments. 
 
 
 

 
 

Figure 3. Adhesive exposed piston. 
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Emission measurements were carried out with BOSH BEA350 brand emission device. 
During the experiments, CO, CO2 and HC emissions were measured separately with 
gasoline and other fuel mixtures in the full throttle position of the engine. The device 
used is sensitive to measurement for CO emission (0.001%), CO2 emission (0.01%), HC 
emission (1 ppm). All measurements were carried out in accordance with the 
standards numbered TSE13231. 
 
 
3. RESULTS AND DISCUSSIONS 
 
Figure 4 shows the effect of alcohol addition on fuel consumption. The fuel 
consumption value may vary depending on the idling condition or full throttle 
condition of the engine. Therefore, the fuel consumption value was measured by 
operating the engine in full throttle position. By bringing the throttle button to full 
throttle, the 0.75 liter tank was finished and the measurement was made with the 
stopwatch during this time. Fuel consumption value is directly proportional to the 
thermal value of fuels [15]. Studies report that low heat value fuels should be 
consumed more. The results of the experiment were similar to many previous studies 
in the literature [16]. 
 

 
 

Figure 4. Consumption time of a tank (0.75 lt) fuel mixture. 
 

Figure 5 shows the total amount of delusion in the piston and piston rings after 50 and 
100 hours of use. The longer the engine's operating time, the higher the amount of 
delusion in the piston and piston rings. With the addition of alcohol into gasoline, the 
amount of delusion was reduced. This condition is thought to be caused by the 
decrease in total carbon (C) amount in the fuel mixture with alcohols added to the 
gasoline [17]. In addition, alcohols reduce the viscosity of fuels and cause the oil in 
gasoline to dissolve. In this case it may have reduced the amount of delusion. 
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Figure 5. Change in the amount of the total exchange rate. 
 
After 50 hours and 100 hours of use of the engine, the change of the piston and piston 
rings, which are cleaned from the institutions and weighed according to the first 
situation, is given in Figure 6. It is observed that the amount of overshoot increases 
with the increase in usage time. As it is known, the pistons work based on the cylinder 
liners during operation. Therefore, it is expected that there will be wear at the points 
where lubrication weakens. There has been an increase in the amount of excess with 
the addition of alcohol [18]. This can be explained by the reduction in viscosity of fuels. 
The reduced viscosity value prevents lubrication from taking place in full terms. 
Therefore, alcohol use increases friction compared to gasoline. 
 

 
 

Figure 6. Total erosion diversity. 
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In Figure 7, the effects of methanol and ethanol addition to gasoline in full throttle 
position on carbon monoxide (CO) emissions are given. With the addition of methanol 
and ethanol into gasoline, CO emissions decrease. It is possible to explain this situation 
by decreasing the total number of carbon (C) atoms in the fuel. In addition, it is thought 
that the high thermal value of ethanol is an advantage and that CO emissions are 
reduced more than methanol by providing better combustion than methanol [19]. 
Measured at 4.5% with B100 fuel, CO emissions fall to 4.3% with BM20 fuel mix and 
4% with BE20 fuel mix. 
 

 
 

Figure 7. Effect of alcohol addition on CO emissions. 
 
Figure 8 shows the effects of methanol and ethanol addition to gasoline on carbon 
dioxide (CO2) emissions at full throttle position. CO2 emissions are reduced with BM20 
fuel while CO emissions are reduced with BE20 fuel. CO2 emissions occur as a result 
of the full combustion of the fuels in the cylinder by mixing with the air. In addition, 
it is mentioned in many studies that the oxygen content in alcohols partially improves 
combustion and leads to increased CO2 emissions [20]. Therefore, due to the oxygen-
rich content of BM20 fuel, CO2 emissions can be said to be reduced. On the other hand, 
the fact that the BE20 fuel mixture is extremely low in thermal value increases CO2 
emissions. CO2 emissions measured at 3% with the B100 fuel mixture were achieved 
at 2.6% with the BM20 fuel mixture and 4% with the BE20 fuel mixture. 
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Figure 8. Effect of alcohol addition on CO2 emissions. 
 

Figure 9 shows the effects of methanol and ethanol addition to gasoline on 
hydrocarbon (HC) emissions at full throttle position. Hydrocarbon emissions are 
caused by the disposal of partially unburned fuels in the cylinder from the exhaust 
[21]. With the addition of alcohol into gasoline, it is observed that there is a decrease 
in HC emissions. This condition is thought to occur as a result of the oxygen-rich 
content of alcohols partially improving combustion. The HC emission value obtained 
from 6985 ppm with the B100 fuel mixture decreased to 6551 ppm with the BM20 fuel 
mixture and 6367 ppm with the BE20 fuel mixture. 
 
 

 
 

Figure 9. Effect of alcohol addition on HC emissions. 
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The study also shows that a better performance is achieved when compared to gasoline 
in the first-run situation. This is due to the fact that the evaporation temperatures of 
alcohols are lower than that of gasoline. This feature of the fuels is an important 
advantage in these vehicles, where the first ignition is achieved by hand shot. 
 
4. CONCLUSIONS 
 
In this study, the effects of adding alcohol in a two-stroke engine used in hand tools 
were examined. The results obtained shows that; 

 It can be operated by adding 20% alcohol by volume on a hand tool with a two-
stroke engine. 

 With the addition of alcohol, there are setbacks in lubrication and the amount 
of wear increases. 

 There is a decrease in the amount of hallucinations produced by the engine.  

 Improved emission values are observed.  

 By taking advantage of the emissions improvement properties of alcohols, trials 
may be increased with fuels that are high in heat value. 
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