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Abstract
This study explores the viability of methanol-gasoline blends as alternative fuels in internal combustion engines, with a particular focus on evaluating their impact on engine performance, emissions, and combustion characteristics. Using advanced simulation techniques, we assessed various methanol substitution ratios (M0, M20) across different engine speeds. The simulations revealed that a 20% methanol-gasoline blend (M20) significantly enhances engine performance and reduces emissions compared to conventional gasoline (M0). Specifically, M20 demonstrated higher brake thermal efficiency and notable reductions in carbon monoxide (CO) and hydrocarbon (HC) emissions. These findings provide critical insights into the potential environmental benefits of methanol use as an alternative fuel and offer valuable references for further research and development in fuel technology. The study underscores the role of methanol-gasoline blends in improving engine efficiency and contributing to more sustainable automotive solutions.
1. Introduction
1.1 Background
For more than 100 years, the internal combustion engine has been widely used in various fields of social production, greatly promoting the progress of human society and becoming an important milestone in human development. As the main application of the internal combustion engine, the automobile, while bringing great convenience, has also made it necessary for mankind to face the problems of serious air pollution and drastic increase in the consumption of petroleum resources in recent decades. The burning of fossil fuels generates a large amount of greenhouse gas CO2 emissions, triggering global warming, melting of glaciers, rising sea levels, frequent occurrence of El Niño phenomenon, and ecological environment damage. The harmful components of vehicle emissions, such as CO, HC, NOx and particles, have become a major source of urban air pollution.
How to reduce greenhouse gas (GHG) emissions and mitigate the adverse consequences of global warming is a worldwide endeavour. The China-US Joint Statement on Addressing the Climate Crisis of April 2021 specifically states that the two countries should develop a long-term strategy to achieve carbon neutrality/net-zero GHG emissions. Under the new Climate Law, the EU has committed to increase its GHG reduction target from 40 per cent to 55 per cent by 2030. In this regard, the development of clean alternative energy sources and the improvement of energy efficiency are the key to break the ice. New energy vehicles are an effective means to develop clean energy. As the automobile industry enters a new stage of transformation from high-speed growth to high-quality growth, new energy vehicles are faced with the opening of the industry and subsidy regression, the high cost of power batteries, long charging time, short vehicle range, insufficient security and other policy and technical difficulties, which is an insurmountable barrier to the comprehensive promotion of new energy vehicles. Therefore, for a long period of time, the dominant position of the traditional internal combustion engine as the power system of automobiles will not be shaken, and the development of new clean energy alternative fuel combustion technology, so as to reduce the dependence on fossil energy resources and reduce the emission of pollutants, is an important measure to maintain the vitality of the internal combustion engine's sustainable development. Alternative fuels are generally environmentally friendly renewable resources, the structure of internal combustion engines using alternative fuels can be changed little, the technical difficulty of realisation is low, and the adaptability of internal combustion engines to working conditions can be enhanced through the flexible combination of different alternative fuels, therefore, the research and development of internal combustion engines using alternative fuels is of great practical significance.
Against this background, methanol as an alternative fuel for automobiles stands out. Methanol has physico-chemical properties that make it well suited for spark ignition engines, such as: high latent heat of vaporisation, high energy density, low stoichiometric air-fuel ratio, fast flame speed, low combustion temperatures, high hydrogen to carbon ratio, and a liquid state in the standard form. Studies have shown that methanol contains 40 per cent more hydrogen per unit volume than liquid hydrogen, which is about twice as dense as hydrogen at 70 MPa. In recent years, it has been increasingly used for energy applications, with about 20 million tonnes of methanol produced annually as a fuel or fuel blend component, a figure that is increasing every year. Traditionally used in the manufacture of adhesives, coatings, liquid crystal displays, silicone resins, etc., methanol has also been used extensively in the wood processing and automotive industries, making it an ideal fuel for spark-ignition engines for several reasons: methanol's ease of synthesis and wide range of feedstocks make it a powerful fossil fuel alternative for sustainable fuels, with the potential to significantly reduce the fossil carbon footprint of transport. Its improved combustion efficiency relative to synthetic hydrocarbons, coupled with the improved thermal efficiency of the braking it produces in the combustion system, means that there is a double compounding effect in terms of improved primary energy efficiency. In addition, although it produces hydrocarbon emissions comparable to those of petrol, its combustion characteristics and single-carbon molecular nature mean that it emits significantly less NOx and particulate matter than complex hydrocarbon fuels. Methanol as a single molecule fuel is easier to optimise for modelling and can be sourced from a wide range of sources including fossil fuels, biomass, and can also be hydrogenated from safe, clean, renewable biomass and CO2, making it a truly green energy source with a renewable cycle, making it one of the most attractive and scalable alternatives. With regard to economy, when vehicles use different ratios of methanol gasoline under different operating conditions, the fuel consumption rate converted to the calorific value of gasoline is lower than that of gasoline, as well as the fuel cost, so the economy is better than that of gasoline. The combustion of methanol gasoline in the engine is low in conventional emissions (CO, CO2, CH compounds, etc.), however, it results in the production of non-conventional emissions (unburned methanol, formaldehyde, etc.), but the three-effect catalytic reaction device of electronically controlled vehicles can now treat these emissions, thus improving the environment. With regard to dynamics, the improved combustion efficiency compared to petrol, coupled with the fact that by its very nature it produces a higher thermal efficiency in the combustion system than petrol, means that there is a multiple compounding effect in terms of improving the utilisation of alternative energy sources. Nowadays, when using methanol gasoline as fuel, the engine structure is not changed much, and the performance is better than that of the original engine in all aspects, and in some working conditions when the original gasoline engine is burned, the dynamics of the engine is better than that of the engine when it is burned with gasoline.
In summary, methanol vehicles, as an alternative fuel for engines, can to a certain extent alleviate the shortage of petroleum resources, reduce vehicle pollution and improve the quality of the environment. Methanol has a number of impressive properties that make it an ideal fuel for spark ignition engines.
1.2 Literature Review
With changing global energy demands and escalating environmental concerns, research into alternative fuels for internal combustion engines continues to gain momentum. Among the many candidates, methanol has emerged as a promising alternative to conventional gasoline due to its renewability and lower emissions.
Çelik et al(Çelik, Özdalyan and Alkan, 2011) conducted a comparative study on the combustion and emission characteristics of methanol/gasoline blends using a single-cylinder gasoline engine at different compression ratios, and the results showed that at high compression ratios the methanol engine showed a significant increase in power and brake thermal efficiency (BTE), as well as a significant reduction in CO, CO2, and NOx emissions, with the pure gasoline fuel showing the lowest peak exothermic rate. Balki et al(Balki, Sayin and Canakci, 2014; Balki, Sayin and Sarıkaya, 2016) investigated the effect of methanol on the performance, emission and combustion characteristics of a low-power single-cylinder engine, and the results showed that the use of methanol fuel increased the torque, thermal efficiency and brake fuel consumption rate compared with that of pure gasoline, and that the optimized engine performance and conventional emissions were generally improved compared with the original engine.
Some studies have shown that the high latent heat of vaporization (LHV) of methanol lowers combustion temperatures and reduces the formation of NOx compounds, and that an increase in the proportion of methanol results in better combustion and a reduction in the formation of HC, CO, and soot(Zhou et al., 2015). Canakci et al (Canakci et al., 2013) also demonstrated the reduction of CO, CO2, HC and NOx emissions when using methanol/gasoline blends in a chassis dynamometer test using a complete vehicle with a four-cylinder multipoint injection gasoline engine. Zhao et al(Zhao et al., 2011) found that NOx emissions decreased significantly at 15% (M15) and 25% (M25) methanol ratios, but were comparable to gasoline at 40% (M40), with a sharp increase in formaldehyde emissions; CO and HC emissions decreased by about 20% and 50%, and NOx emissions increased up to 2x and 4x, respectively, for M15 and M100 blends compared to gasoline vehicles; while evaporative emissions increased by about 30% for HC evaporation with M15, and formaldehyde emissions were 2x and 4x higher, respectively. Compared with gasoline vehicles, the CO and HC emissions of M15 and M100 blended vehicles decreased by about 20% and 50% respectively, the NOx emissions increased by up to 2.3 times, and the formaldehyde emissions were 2 times and 4 times higher respectively; and in terms of evaporative emissions, the HC evaporative emissions increased by about 30% and the methanol emissions increased by as much as 297%-1429% in the case of M15, and the evaporative emissions of methanol fuels should not be neglected. Atilla Bilgin et al(Bilgin and Sezer, 2008) studied the power, economic performance of a single cylinder four stroke gasoline engine combusting various ratios of methanol vehicle (gasoline, M5, M10, M15, M20) generator running at various engine speeds, ignition timing and compression ratios, and the engine was operated at full throttle opening (WOT) conditions. The results showed that M5 blend gave the best engine performance while M20 fuel gave the best performance in terms of thermal efficiency with reduced economic performance.
 Jiang et al(Jiang, Chen and Xie, 2022) presented the performance of a new gasoline-syngas engine fueled by gasoline and methanol cracking gas. The results show that the system uses waste heat to decompose methanol into syngas, which is then added to the engine cylinder and mixed with gasoline for combustion. The test data of the modified gasoline-synthesis gas engine was compared with that of the original gasoline engine. When the methanol substitution rate is 20%, the equivalent fuel consumption rate decreases by 4.3%, and the torque is up to 60N-m at 2000r/min, which improves the economy and power of the internal combustion engine. Balki M et al(Balki et al., 2021) studied the determination of optimal operating parameters and optimization of operating conditions based on performance for small spark ignition (SI) engines fueled with methanol/gasoline blends (M5, M10, M15 and M20). The results of the study showed that, in the first stage of the study, engine tests were carried out at different loads (10 and 20 N-m) and compression ratios (7, 8, and 9), and that the use of M20 was more advantageous than that of gasoline in a small SI engine with a CR of 9:1. The proposed optimization model can be used for the design of electronic fuel systems for alternative fuel engines. In addition, determining the appropriate engine parameters based on the selected weight ratio would also allow for structural adjustments in the engine. 
Liu et al conducted an experimental study on combustion detonation suppression by methanol/gasoline ratio in a high compression ratio DFSI gasoline engine. The detonation was suppressed by tissue airway injection of methanol fuel with high oxidation, high latent heat of vaporization (LHV), high octane number, and direct in-cylinder injection of gasoline fuel with high energy density and high volatility to expand the engine high load operating region, increase the load response rate, and reduce the PN emission(Liu et al., 2015), and the results showed that methanol blending reduced the tendency of detonation(Liu, Wang and Wang, 2014). Sharudin et al (Sharudin et al., 2017) investigated the effect of isobutanol additives on methanol/gasoline blends, and high carbon alcohol additives had higher energy density, and isobutanol/methanol/gasoline blends increased braking power by about 10% over pure gasoline.
Based on the analysis of the findings in the literature review, a 20% methanol/gasoline blend (M20) was selected for this work, and a pure gasoline fuel (M0) was set up as a control experiment.
2. Modelling
2.1 Model of internal combustion engine based on ANSYS-FORTE
ANSYS Forte is an advanced internal combustion engine simulation software that provides comprehensive solutions for modelling combustion, fluid flow and heat transfer processes. This software is particularly suitable for engineers in the automotive, aerospace and energy industries for the development and optimisation of diesel, petrol, dual fuel engines and other types of internal combustion engines. In this work, single cylinder spark ignition engine (SI) simulation is modelled using forte module of Ansys simulation software.
The fan mesh is used to build the engine model, firstly the engine cylinder bore, piston stroke, extrusion and gap dimensions need to be set, the specific SI parameters are shown in Table 1.
[bookmark: _Ref164574698]Table 1. Engine parameters
	Parameters

	Engine Type
	Air-cooled, four-stroke, single cylinder

	Cylinder bore x stroke (mm)
	76.2*69.85

	Volume of engine (L)
	1.3

	Compression ratio
	11

	Speed(rpm)
	1200


Select the appropriate mesh topology based on the piston geometry, and choose the third topology for the single-cylinder engine in this paper. Set the dimension parameters of the mesh, including annular, radial and axial cell counts. The specific parameters are as follows: 
Circumferential Cell Count = 21                   Radial Cell Count i1 = 16
Radial Cell Count i2 = 11                         Radial Cell Count i3 = 3
Axial Cell Count k1 = 11                         Axial Cell Count k4 = 21
Axial Cell Count k5 = 11                         Smoothing Passes = 20
After the mesh is set up successfully, the mesh is automatically generated and imported into the ANSYS Forte project, and the model parameters, boundary conditions, initial conditions and solver parameters are set up to perform the solver calculations. The fan model of the SI internal combustion engine is shown in Figure 1.
[image: ]
[bookmark: _Ref164576157]Figure 1. SI internal combustion engine model
Next, the specific parameters of the simulation model were set up by importing the chemical composition files of different fuels and setting the flame speed model parameters. Insert the spark plug to determine its position and flame energy, and the ignition point of the spark plug is when the crank angle is equal to 688 degrees for 10 degrees. Set the initial conditions, the initial fuel composition is shown in Table 2. Subsequently set the initial angle, termination angle and other calculation parameters of the simulation calculation, and the result control keeps the default settings.

[bookmark: _Ref164585101][bookmark: _Ref164636224]Table 2. Fuel composition
	Type
	Compositions

	
	N2
	O2
	H2O
	CO2
	IC8H18
	CH3OH

	M0
	0.719
	0.1967
	0.0089
	0.0192
	0.0562
	0

	M20
	0.719
	0.1967
	0.0089
	0.0192
	0.04496
	0.01124



2.2 A four-cylinder petrol internal combustion engine model based on RICARDO-WAVE
WAVE includes advanced combustion models for diesel and spark ignition (SI) engines, as well as auxiliary models specifically designed to study direct injection, SI turbulent flame propagation, engine emissions and knock. In addition to in-cylinder models, WAVE includes a suite of exhaust aftertreatment models. These enable detailed chemical kinetics simulations of advanced emission control technologies. WAVE allows the combustion of a wide range of fuels according to prescribed combustion rates, where combustion can be calculated using a semi-automated heat release analysis process. In this work, the powerful SI predictive combustion model in WAVE is used to parameterise the 50% point of heat release and the range of sustained heat release from the simulation results of the FORT model to enable the joint simulation of the two software packages.
Firstly, a single-cylinder petrol internal combustion engine is modelled, defining the environment, pipes and orifices, adding the engine model and setting the intake and exhaust valves, and finally adding the injectors. Using this as a base, the single-cylinder model is copied and pasted, and the pipes are linked using Y-joints to create a multi-shell four-cylinder model. Subsequently, the intake and exhaust systems were added and converted to a 16-valve system. After establishing the model, the conditions of the model were set with reference to the above simulation parameters. In order to better analyse the engine performance, six different engine speeds are set up in the wave simulation simulation: 1000, 2000, 3000, 400, 5000, 6000 rpm. Other specific parameters are shown in the following table 
Table 3. model parameters
	Parameters

	Cylinder bore x stroke (mm)
	76.2*69.85

	Compression ratio
	11

	Combustion
	Weibe model

	Model type
	Two zones



3. Results and analyses
In this study, simulations were carried out at different methanol substitution rates (M0, M20) and at different engine speeds. The effect of 20% methanol gasoline blends with reference gasoline on the performance, emission, and combustion characteristics of the SI internal combustion engine was investigated at different engine speeds.
3.1 Effects on engine performance
Figure 2 showing the effect of M0 and M20 fuels on engine torque and power at different engine speeds. Both M0 and M20 show an increase in torque as the engine speed increases from idle to approximately 2000-3000 rpm. M0 and M20 have similar peak torque values, with M20 being slightly higher in the middle range of engine speeds. Peak torque is maintained over a wide range of engine speeds, which is ideal for vehicle drivability and agility. Both curves begin to flatten out beyond approximately 3000 rpm, which is typical of an engine approaching its torque limit. the performance of the M0 and M20 is very similar across the entire engine speed range, with the M0 showing a slight advantage in torque output. The methanol-gasoline blend shows a slight decrease in torque and power compared to the baseline gasoline. However, as can be seen in Figure 3the BTE of the methanol blend is higher than that of the benchmark petrol at all engine speeds.
The reason for the above phenomenon is the higher flame speed of methanol compared to petrol. The higher flame speed results in relatively faster and more complete combustion of the fuel in the engine cylinder, which reduces heat loss from the cylinder wall and thus increases BTE. methanol has a much higher (negligible) oxygen content (50%) than petrol, which improves the quality of combustion and thus increases BTE. methanol has a lower energy density than petrol, about half that of petrol. This means that methanol contains less energy in the same volume of fuel. As a result, when an engine burns a mixture of methanol and petrol, it may release less energy per cycle than pure petrol, resulting in a reduction in output power and torque.
[image: ]
（a）engine torque                          （b）engine power
[bookmark: _Ref164637265][bookmark: _Ref164629976]Figure 2. Engine Performance Chart
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[bookmark: _Ref164629990]Figure 3. BTE at different speeds
3.2  Effects on engine emissions
Engine emissions are critical to the environment and are often characterised by measuring raw emissions of regulated substances such as CO, CO2, HC, NOx and PM. In this experimental study, however, the emissions of the petrol-alcohol mixture were analysed separately at each engine speed relative to the baseline petrol.
Figure 4 shows the mass of different emissions from the internal combustion engine at 1200 rpm. The solid line represents M0, where, A represents CO2; B represents CO; C represents NO. The dashed line represents M20, and the DEF sub-tables represent CO2, CO, and NO. The results show that the combustion emissions of M20 are significantly improved compared to the benchmark petrol.
Meanwhile, it can be seen from Figure 5 that HC emissions are reduced at different engine speeds HC emissions are mainly caused by poor or incomplete combustion in the engine cylinder. The flame speed of methanol is higher and spreads faster, and the methanol petrol blend combusts more fully, reducing the emission of carbon monoxide. Methanol, as an oxygenated fuel, contains oxygen atoms in its molecules, which contribute to better combustion, thus reducing carbon dioxide and hydrocarbon emissions. The effects on NO emissions are all negligible. Therefore, the use of methanol petrol blend in the SI engine in this study reduces the prescribed emissions of HC and CO.
[image: ]
[bookmark: _Ref164630856]Figure 4. Internal combustion engine emissions
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[bookmark: _Ref164631988]Figure 5. HC at different speeds
3.3 Combustion characterisation
Figure 6 shows that both cases follow a similar pattern: the pressure increases as the crank angle approaches the top stop (0 degrees) and peaks there. This peak represents the maximum combustion pressure for that particular engine cycle. After the peak, the pressure decreases as the crank angle increases, indicating the expansion phase of the engine cycle. Both curves peak at approximately the same crank angle, indicating that the combustion timing is similar for M0 and M20. However, M0 reaches a slightly higher peak pressure than M20, which may be due to the lower energy of the methanol-gasoline blend.
[image: ]
[bookmark: _Ref164638150]Figure 6. Internal Combustion Engine Cylinder PV Diagram
4. Conclusion 
Methanol offers numerous advantages over conventional petrol. This study explored the use of various blends of methanol with petrol and examined the effects of methanol on engine performance, emissions and combustion characteristics under different engine settings and conditions. The following conclusions were drawn:
1. M20 improves engine performance, significantly reduces BT while maintaining a certain level of power performance, methanol has a high octane rating and reduces engine detonation.
2. Compared to the M0, the M20's internal combustion engine emissions are significantly improved, and CO and HC emissions are significantly reduced.
Given the promising results, further research should explore the long-term impacts of methanol use on engine durability and maintenance requirements. Additionally, studies should assess the economic implications of large-scale methanol adoption, including the necessary infrastructure developments for widespread use. Future research could also focus on optimizing engine design and fuel delivery systems specifically for methanol-gasoline blends to maximize performance and efficiency.
In summary, methanol holds significant potential as a sustainable alternative fuel, offering substantial environmental benefits and contributing to the global effort to reduce greenhouse gas emissions. Its integration into the current fuel systems could serve as a pivotal step in the evolution of energy resources used in internal combustion engines.
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