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Nomenclature 

Al2O3 Aluminum oxide 
CNT Carbon nanotube 
CO Carbon monoxide 
LHV Lower heating value (MJ/kg) 
Mn2O3 Manganese oxide 
SI Spark-ignition 
ZnO Zinc oxide 

1 Introduction 

High-octane fuel, which is obtained by formulating gasoline and called aviation 
gasoline, is used in aircraft piston engines (Çetinerler, 2021). The effective oxygen 
concentration at sea level is 20.9%. This value is 10.5% at 18000 ft. and 6.3% at 
30000 ft. (Hypoxico, 2021). At high altitudes, low oxygen density negatively affects 
combustion efficiency, causing incomplete combustion, thus reducing engine per-
formance and limiting the maximum altitude. 

Oxygen additives reduce the pollution of the atmosphere to a minimum by 
enabling the fuel to burn more efficiently. Because oxygenated fuels ensure com-
plete combustion of the fuel in the combustion chamber they lead to reducing the 
amount of harmful emissions chemicals released into the atmosphere (Rashedul 
et al., 2014). 
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Nanomaterials have many advantages such as high energy density, ability to mix 
with liquid fuels, heterogeneous combustion kinetics, ignition acceleration reaction, 
and cost. The higher surface area-to-volume ratio and more reactive surface of the 
nanoparticles cause the nanofluid fuel mixture to oxidize faster. Thus, they provide 
higher combustion enthalpy and energy density. Nanofluids provide high evapora-
tion rate, better atomization, more homogeneous air-fuel mixture, and better flame 
sustainability in fuels. This results in a shortening of the premixing and diffusion 
phases and a significant reduction in the ignition delay. This short ignition delay, 
better atomization of the fuel, and the highly reactive surface allow the combustion 
reaction to start faster and earlier. Thus, a higher amount of heat release rate and 
cylinder internal pressure are created (Saxena et al., 2017). 

In the literature, many nanomaterials such as Al2O3, ZnO, TiO2, CeO2, SiO2, and 
CNT (carbon nanotube) are used as fuel additives because they increase the heat 
transfer by radiation and enable the air-fuel mixture to oxidize faster with its high 
surface area-to-volume ratio (Ağbulut et al., 2020; Zhang et al., 2019; Nanthagopal 
et al., 2020). 

There are many studies in the literature on the use of nanomaterials in the internal 
combustion engines. For example, there are studies in which CNT of different sizes 
is used as a fuel additive in diesel engines under various engine conditions (Zhang 
et al., 2019; Najafi, 2018). Sivakumar et al. (2018) researched on the effects of 
mixing Al2O3 nanoparticles with biodiesel in a diesel engine on engine performance, 
combustion, and emission characteristics, Ağbulut et al. (2020) investigated the 
effects of mixtures of various metal oxide nanomaterials, including Al2O3, with 
biodiesel in a diesel engine, on engine performance, combustion, emission, vibra-
tion, and noise characteristics; Manigandan et al. (2020) compared the effects on 
emissions in diesel engines by giving hydrogen to fuel mixtures consisting of 
different kinds of nanoparticles, including CNT and Al2O3 additives; and Chen 
et al. (2018) used CNT and Al2O3 additives as fuel additives in diesel engines and 
examined the effects of nanoparticles on engine performance, combustion, and 
emission characteristics. 

In the literature, on the use of nanomaterials in spark-ignition engines, Amirabedi 
et al. (2019) investigated the effects of mixtures of manganese oxide (Mn2O3) 
nanoparticles with ethanol on engine performance and emissions. As a result of 
the study, it was calculated that the gasoline-10% ethanol-20 ppm Mn2O3 fuel 
mixture increased the engine power by 19.56% and the specific fuel consumption 
decreased by 36.72% compared to gasoline.



Assessment of Oxygenated and Nanofluid Fuels as Alternative/Green Aviation. . . 59

2 Effect of Oxygenated and Nanofluid Fuels on Combustion 
Process 

In the literature, it has been stated that the lack of enough oxygen in the environment 
during combustion causes incomplete combustion, thus reducing the performance 
and efficiency of the engine (Pulkrabek, 2016). In addition, alcohols with high 
oxygen content improve combustion, provide complete combustion, reduce CO 
formation, and prevent energy loss from the exhaust (Yesilyurt et al., 2020). High 
oxygen content of alcohols (Canakci et al., 2013) and higher laminar flame velocity 
than gasoline (gasoline, 33–44 cm/s; methanol, 52 cm/s; ethanol, 48 cm/s; butanol, 
48 cm/s) improve the combustion process (Li et al., 2017) and increase engine 
torque, specific fuel consumption, thermal efficiency, and combustion efficiency 
(Balki et al., 2014). The high heat of evaporation caused due to the cooling effect on 
the combustion chamber and the higher octane number properties of alcohols 
considerably reduce knocking, making the combustion more uniform and thus 
improving the combustion process (Zhang et al., 2014). Furthermore, oxygen-rich 
alcohols affect the combustion process positively by improving the premix and 
diffusion combustion phases (Emiroğlu & Şen, 2018). However, the lower calorific 
value of alcohols compared to gasoline increases somewhat of the specific fuel 
consumption. More fuel is consumed to achieve the same engine power output 
due to the lower calorific value of alcohols (Li et al., 2017). 

Alcohols (methanol and ethanol) have higher features than gasoline, such as 
oxygen content, octane number, evaporation heat, and laminar flame propagation 
speed, improve combustion, and provide more stable operation of the engine 
(Pulkrabek, 1997; Li et al., 2017; Yilmaz & Atmanli, 2017). Important properties 
of gasoline, methanol, and ethanol are presented in Table 1. 

In spark-ignition engines, combustion starts with the ignition of the spark plug, 
and the flame front spreads rapidly. The temperature and pressure of the burnt gases 
increase as a result of compressing the unburned mixture in front of the flame front. 
In this compression, it increases the temperature and pressure of the unburned 
mixture. During the combustion process in the engines, the heat transfer by conduc-
tion and convection during combustion is not significant compared to radiation due 
to combustion actually occurring in a very short time per cycle. Therefore, heat

Table 1 Important properties of gasoline, methanol, and ethanol (Pulkrabek, 1997; Li et al., 2017; 
Yilmaz & Atmanli, 2017) 

Fuel type Gasoline Methanol Ethanol 

Formula C8H15 CH3OH C2H5OH 

Density (kg/m3 ) 715–765 792 0.803 

LHV (MJ/kg) 43 20.05 26.9 

Octane number 92 111 129 

Oxygen content (%) – 50 34.73 

Latent heat (kJ/kg) 307 1147 918.42 

Laminar flame speed (cm/s) 33–44 52 48



transfer by radiation is more important in heat transfer in the combustion process 
(Pulkrabek, 1997).
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Fig. 1 The effect of nanomaterial on the combustion process with micro-explosions 

Aluminum oxide (Al2O3) nanoparticles are encapsulated in the fuel mixture, 
causing a micro-explosion during combustion, thus providing a more homogeneous 
fuel-air mixture by allowing the fuel mixture to be atomized for the second time. 
This improves the complete combustion process positively, resulting in better 
combustion characteristics. With the addition of 50 ppm and 100 pm Al2O3 to the 
fuel, an increase of 28.91% and 29.7% was obtained, respectively (Sivakumar et al., 
2018). CNT increased the peak pressure and heat release rate in the engine by 
23.33% and 28%, respectively. It also improved the combustion process by reducing 
the ignition delay time by 8.98% (Najafi, 2018). CNT also caused a 23% rate 
reduction in specific fuel consumption. It was also stated that it provides better 
fuel stability (Manigandan et al., 2020). In another study, it was observed that CNT 
increased the maximum cylinder pressure and heat release rate by 5% and 4%, 
respectively (El-Seesy et al., 2019). Nanoparticles increase the heat transfer rate with 
their higher heat conduction properties and improve the combustion process char-
acteristics by making a catalytic effect in the fuel (Sungur et al., 2016). In addition, 
the nanomaterial additive greatly affects thermal efficiency. The thermal conductiv-
ity of nanomaterials increases the heat transfer of the fuel mixture, which reduces the 
ignition delay, resulting in an increase in pressure rise rate and peak pressure; thus, 
they lead to better thermal efficiency (Kumar et al., 2017). 

However, nanoparticles are likely to clog the injector as they tend to agglomerate 
due to their large surface area and surface activity (Saxena et al., 2017). In order to 
prevent the precipitation and agglomeration of nanomaterials in the fuel, they are 
usually added to the fuel in liquid solution (emulsion) form using a solvent and 
surfactant (Nanthagopal et al., 2020). Ultrasonic homogenizers are used to mix these 
surfactants and nanomaterials homogeneously with the fuel and to ensure the 
stability of the mixture (Soudagar et al., 2018). Thus, these nanomaterials can be 
used as additives in liquid fuels as nanofluids. The effect of nanomaterial on the 
combustion process is presented in Fig. 1.
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3 Summary and Conclusions 

Engine performance and combustion process characteristics can be improved by 
making improvements in the chemistry and technology of the fuel used in the 
engine. In this regard, using alcohol and nanomaterials can be improved important 
fuel properties so that an increase can be obtained in the engine performance and 
combustion efficiency. Considering the above information, the benefits of oxygen-
ated fuels (alcohols) and nanomaterials for air vehicles can be summarized as 
follows: 

The combustion process at a high altitude for high-flying vehicles can be 
improved by oxygenated fuels, which is providing extra oxygen content. 

Oxygenated fuels can not only increase the fuel oxygen content of unmanned 
aerial vehicles but also improve cold flow characteristics. Furthermore, 
nanomaterials increase the fuel oxygen surface area and increase the combustion 
efficiency by creating a catalytic effect. In this way, engine performance and 
combustion efficiency increase at high altitudes, and harmful exhaust emissions 
and fuel consumption can be reduced. 

The oxygen content, octane number, combustion surface, and heat transfer rate of 
the fuel can be increased with nanomaterial additives added to the fuel. Thus, 
performance parameters such as engine torque, engine power, thermal efficiency, 
and combustion efficiency can also be improved. As a result of improving the engine 
performance and combustion process, useful load-carrying capacity, endurance, 
longer range flight, higher altitude, and fuel economy can be achieved. 

Considering all this, the fuel blend consisting of surfactant, nanomaterial, and 
alcohol can be used in the internal combustion engine. Thus, by using alcohol and 
nanomaterials for air vehicles, it is possible to improve fuel properties, increase 
engine performance, and improve phases of combustion characteristics. The author 
recommends for future studies should have done experimental investigations of the 
stability of the nanomaterials and the effects of nanomaterials on the engine perfor-
mance, combustion process, and exhaust emission characteristics. 
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