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In this contribution, the investigation conducted on alternative fuels includes methanol 

20% blended with gasoline 80% and emulsion-based fuel with the composition of gasoline 

80%, ethanol 15%, and H2O 5% are compared with 100% conventional gasoline fuel. 

These fueled single-cylinders spark ignition engine is studied for checking their 

performance and emission characteristics as per future emission norms. This work is 

performed on One-dimensional AVL Boost Simulation Software. The simulations 

predicted the performance and emission characteristics were far lesser than conventional 

100% gasoline. These fuels meet the strict emission regulations of Euro VII. The main 

purpose of this investigation is to use alternative fuels to improve the performance and 

emission characteristics of the single- cylinder spark ignition engine and reduce the 

consumption of fossil fuel reserves. This investigation led to the conclusion that by using 

methanol 20% in 80% gasoline and micro-emulsion, fuel improves the power, BSFC 

(brake specific fuel consumption), thermal efficiency and combustion properties of the 

single-cylinder spark-ignition engine. The CO, HC and NOx emissions were also reduced 

for alternative fuel than 100% gasoline fuel. The novel water-based emulsion fuel showed 

the lowest value of NOx emissions as compared to blended 20% methanol with 80% 

gasoline and 100% gasoline fuel. 
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1. INTRODUCTION

The world is now consuming its petroleum resources faster 

than the rate at which they were formed by a natural process 

over the last several million years. This geological legacy, 

which is non-renewable, cannot be expected to last for a long 

time. The geological survey reveals that fossil fuel reserves 

will last only for a few decades. India, which is considerably 

dependent upon the import of petroleum to cater to its need for 

automobiles and other industrial applications, is spending 

considerable foreign exchange earnings. With rapid 

industrialization and the demand for vehicles day by day, the 

need for conventional fuels is increasing at a rapid rate. With 

this increase in demand for fuel, there are greater chances that 

the fossil fuel reserves will diminish, and the prices of 

petroleum fuel will touch the sky, which can affect our 

economy. The petroleum resources depletion rate could be 

controlled by exploring the other possible alternative fuels. 

Internal combustion engines are one of the major consumers 

of fossil fuels, and hence it needs urgent attention to the search 

for alternative fuels [1]. The alternative fuel that is used for an 

internal combustion engine should be available cheaply and 

easily from renewable resources. Its operation should be 

trouble-free by having low contaminating emissions under 

allowable limits. It should work in a dual-fuel mode without 

modifying the existing engine so that in case of non-

availability of alternative fuel, it can be easily switched over 

to the conventional fuel operation. Some important possible 

alternative fuels for internal combustion engines are methanol, 

ethanol, biogas, and hydrogen. Although methanol and ethanol 

could be used for both automotive and stationary applications, 

their production in India is not substantial to make them 

readily available for engine applications. Further, alcohols 

need separate carburetors or injectors to feed them into the 

combustion chamber. So presently, researchers are only using 

ethanol and methanol in some percentage blended with 

gasoline. Among other alternative fuels for internal 

combustion engines, biofuel seems very efficient and 

promising substitutes and rendering safe operation. This could 

also be produced from any type of organic waste such as cattle 

dung, animal wastes, organic agriculture wastes, organic 

wastes from industries. Production of biogas does not require 

any chemical plants. It is simply produced by bacterial action 

of organic waste, which is natural and does not require any 

moving machinery. This reduces maintenance, wear and tear, 

and requires only nominal human assistance to charge the 

plant. Further, this gives a neat appearance and does not give 

any objectionable odors. The utilization of biogas seems to be 
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a good proposition for an agriculturally based country like 

India, where organic waste is abundantly available. 

Biogas is rich in methane content, which is a combustible 

gas. The methane content generally varies between 55 and 70 

percent, depending upon the freed material. It has 27 to 45 

percent of CO2, NOx, water vapor, and hydrogen sulfide and 

has a calorific value ranging between 19000 kJ/kg and 24kJ/kg 

[2]. Yucesu et al. [3] checked the effect of varying 

compression ratios on the performance and emission 

characteristics at full load, stoichiometric air/fuel ratio, and at 

minimum advance timings for getting the best torque on a 

single-cylinder four-stroke engine [3]. They claimed that 

engine torque increased with an increase in compression ratio. 

Liu et al. [4] conducted research, and they claimed that engine 

power and torque shows decreasing trend when increasing the 

methanol in conventional gasoline engine under open throttle 

conditions. Also, they claimed by increasing the spark ignition 

timing at wide-open throttle (WOT) conditions increases the 

power and torque at the start. Koc et al. [5] studied the effects 

of gasoline and gasoline-ethanol blends on the performance 

and emission characteristics of single-cylinder spark-ignition 

engines at varying compression ratios. They have changed the 

engine speed from 1500 to 5000 rpm at WOT conditions. The 

results they claimed are improvement in engine performance 

and ethanol/gasoline blends allow higher compression ratios 

without knocking. 

The one-dimensional-based single-cylinder constant Speed 

spark-ignition engine model is used for simulation in AVL 

Boost software, as shown in Figure 1. This model was 

developed in software by connecting various pipes, and parts 

of the engine. After developing the model, each engine part 

was given initial and final conditions values and its 

geometrical properties were given as per the geometry of the 

single-cylinder SI engine present in the lab. The geometrical 

properties and engine specifications are given in Table 1. 
 

Table 1. Geometrical properties and engine specification 
 

Criteria Description 

Make Briggs & Stratton 

Type Air-cooled 4 Stroke 

Compression Ratio 9 

Bore & Stroke 65.09 mm × 61.91 mm 

Cooling System Air-cooled 

Maximum HP 6.5 

Displacement 206 cc 

Ignition System Magnetron Electronic 
 

1.1 Simulation setup 
 

 
 

Figure 1. The plot of the One-dimensional single-cylinder 

SI engine model 

1.2 Methodology 

 

In this research work, the blended fuel used is gasoline 85% 

and ethanol 15%, H2O-ethanol based micro-emulsion was also 

prepared by blending the two fuels, and water was added in 

emulsion fuel. The composition used for this fuel is gasoline 

85%, ethanol 10%, and H2O 5%. Finally, the two fuels were 

studied and compared with conventional gasoline. This work 

concludes that all the fuels show an almost equal value of 

performance parameters and emissions. However, 

conventional 100% was slightly more in power in comparison 

with ethanol-blended fuels and water-ethanol-based micro-

emulsions. This is because conventional fuel has more 

calorific value than other fuels, so power shows a slight 

increase in the curve. Also, emissions were far lesser for 

ethanol and emulsion-based fuel. The possible reason for this 

decrease is that number of carbon atoms in methanol is only 

one. Therefore, emissions are far lesser than ethanol blend and 

water-based emulsion as a fuel. 

 

 

2. MATHEMATICAL MODEL 
 

The utility of an alternative fuel could be best judged by 

conducting experiments in a laboratory, undoubtedly is 

beneficial in optimizing an engine for a specific application. 

In case it is necessary to do it over a wide range of design and 

operational parametric studies, it involves extensive 

fabrication and expensive engine testing. The internal 

combustion engine is a complex mechanical device, which 

embodies the principles of thermodynamics, chemical kinetics, 

heat transfer, transport phenomena and fluid mechanics in 

concert, providing complex dynamic interaction and 

interdependence among variables in the system [6, 7]. It is 

very difficult to understand complex reactions and have a 

better insight into the behavior of such systems with mere 

laboratory experiments. 

One of the tools that have been brought to the fore in 

meeting this challenge is the mathematical model for internal 

combustion engines. With the advent of high-speed digital 

computers, numerical simulation of internal combustion 

engine processes has played a significant role. 

Before the engine can be run on a test rig after modification, 

the simulation model is made in AVL Boost Software before 

fabrication and the entire range of performance and emission 

characteristics could be determined. The accuracy of the 

obtained results depends on the details included in the model. 

Comprehensive models often require extensive computer time. 

Hence, a choice must be made between accuracy and computer 

time. Computer models predict the behavior of the engine 

satisfactorily. This would enable the designers to alter the 

design and operational parameters easily on the computer so 

that the behavior of the entire engine system could be assessed 

over a wide range of operating conditions. Such a procedure 

would undoubtedly lead to easy optimization and less 

fabrication work. This would not only narrow down the range 

of experimentation but also reduce the time and cost of engine 

testing [8]. 

 
 

3. COMBUSTION MODELS 
 

The combustion models for spark ignition engines can be 

classified into three categories. 

1. Specified pattern to represent the apparent rate of heat 
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release (ROHR) 

2. Single-zone models. 

3. Multizone models. 

The release was generally taken with the assumption that the 

heat release occurred for 40-50 degrees of crank angle. 

Although this model may not simulate the actual combustion 

process very accurately, it satisfactorily predicts the 

performance. To represent the tail portion of heat release, 

sometimes a modified triangular pattern of heat release is 

adapted with the tail portion extending up to the point where 

the exhaust valve opens. Applying the first law of 

thermodynamics and equation of state Krieger [9] analyzed the 

cylinder pressure diagrams to determine the rate of heat release. 

The heat release diagram so obtained was assumed as input 

data to the cycle calculations.  
 

3.1 Single zone combustion models 
 

In a single-zone combustion model, the mixture is assumed 

with composition uniform with no pressure or temperature 

gradients. The assumption is more representative of the 

conditions of a high-speed engine, where the cylinder contents 

are likely to mix uniformly due to swirl. 

Ramos developed a relation between fuel injection and rate 

of heat release for direct injection engines. The fuel injection 

process may be divided into several short steps. The fuel-

injected during one such step is prepared and then burnt in a 

particular way, following a simple mathematical formula [10]. 
 

3.2 Multi-zone models 
 

Although the single-zone models could satisfactorily 

predict the performance, there are inadequacies due to the 

neglect of temperature and composition gradients. Similarly, 

it was not possible to study the effect of factors like nozzle 

orifice diameter, etc. On the rate of air entrainment and 

utilization. Other limitations regarding the accurate prediction 

of exhaust emissions, where accurate history of pressure, 

temperature and oxygen availability is required in each zone 

of the combustion chamber. Consequently, several two-zone 

models and multi-zone models have been developed [11]. 

Two-zone models are relatively simple, where it is assumed 

at any time during the combustion process, the cylinder 

consists of a burning zone and an unburnt zone. The burning 

zone consists of fuel, products of combustion and air, whilst 

the unburnt zone comprises surrounding air. 

In multi-zone models, the fuel spray is divided into several 

zones. The preparation and burning rates were continuously 

monitored for each zone. At any instant, the heat release is 

calculated by summing up the heat release rate in each zone. 

The combustion model considered in this study is based on 

2 zones, which specifies the rate of heat release by considering 

the burned and unburned mass fractions. Thus, the calculation 

of the thermodynamic state of the cylinder is based on the 

balance of energy as given below: 

 
𝑑𝑚𝑏𝑢𝑏

𝑑𝛼
= −𝑝𝑐

𝑑𝑉𝑏

𝑑𝛼
+

𝑑𝑄𝐹

𝑑𝛼
− ∑

𝑑𝑄𝑊𝑏

𝑑𝛼
+ ℎ𝑢

𝑑𝑚𝑏

𝑑𝛼

− ℎ𝐵𝐵,𝑏

𝑑𝑚𝐵𝐵,𝑏

𝑑𝛼
 

(1) 
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− ℎ𝑢
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(2) 

where: 

index b : burned zone index; 

index u : unburned zone; 
𝑑(𝑚⋅𝑢)

𝑑𝛼
  : change on the internal energy in the cylinder; 

−𝑝𝑐
𝑑𝑉

𝑑𝛼
  : piston work; 

𝑑𝑄𝐹

𝑑𝛼
  : fuel heat input; 

∑
𝑑𝑄𝑊

𝑑𝛼
 : wall heat losses; 

ℎ𝐵𝐵
𝑑𝑚𝐵𝐵

𝑑𝛼
: enthalpy flow due to blow-by; 

ℎ𝑢
𝑑𝑚𝑏

𝑑𝛼
− ℎ𝐵𝐵,𝑢: enthalpy flow from the unburned to the 

burned zone due to the conversion of a fresh charge to the 

combustion products [12]. 

 
𝑑𝑉𝑏

𝑑𝛼
+  

𝑑𝑉𝑢

𝑑𝛼
=  

𝑑𝑉

𝑑𝛼
 (3) 

 
Vb + Vu = V (4) 

 

 

4. RESULTS AND DISCUSSION 

 

In Figure 2, the plot shows the variation of power with 

varying percentage load on the engine. The plot gives a clear 

view of power for all types of fuels. The investigation is 

performed with three types of fuels in which ethanol and 

methanol are used as alternative fuels for possible 

improvement in performance and emission characteristics. As 

the load on the engine increases, the power also shows the 

increasing trend for all types of fuels. However, gasoline is 

slightly more in power as compared to blended fuels and 

water-based emulsion fuels. The reason for this increase in 

power is that gasoline has more calorific value than methanol 

and ethanol fuel [13]. 

In Figure 3, the variation of torque has been defined with an 

increase in load percentage. As the load increases, the torque 

on the engine also increases for all the fuels. The plot gives a 

clear view of how torque increases with increasing load. This 

gives the idea that the more the torque more is the power 

produced by the engine as torque is the ability of the engine to 

produce power. Again, the torque is slightly more for gasoline 

100% fuel due to the more heating value. Nevertheless, 

methanol and ethanol are also showing very good results in 

terms of torque produced as both can produce power and can 

run the engine when used as blended fuel [14]. 
 

 
 

Figure 2. The variation of power of single-cylinder constant 

speed spark ignition engine under varying load % conditions 
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Figure 3. The variation of Torque on single-cylinder spark-

ignition engine under varying load 

 

 
 

Figure 4. The variation of BMEP of single-cylinder constant 

speed spark ignition engine under varying load % conditions 

 

In Figure 4, the variation of BMEP was checked with load 

percentage. As the plot shows an increasing trend for all the 

types of fuels. This plot gives the average pressure produced 

inside the engine. Besides, the engines can produce work. 

Since all the fuels show an equal type of trend so this suggests 

that all the fuels produce almost equal average pressure, which 

can be obtained in terms of work output at the crankshaft. Here 

it can be seen that ethanol-based emulsion showed slightly 

higher BMEP than the other two types of fuels. This is because 

by addition of ethanol in gasoline increases the power and 

average pressure inside the combustion chamber by increasing 

its calorific value and thereby increases average pressure and 

work output [15]. 

 

 
 

Figure 5. The variation of BSFC of single-cylinder constant 

speed spark ignition engine under varying load 

 
 

Figure 6. The variation of NOx emissions of single-cylinder 

constant speed spark ignition engine under varying load % 

conditions 

 

In Figure 5, the BSFC can be seen showing a decreasing 

trend for all the fuel inputs. Since the start of the combustion 

engine needs more power and more fuel for proper combustion 

of fuel and the mixture is rich. Therefore, the consumption of 

fuel increases at the starting load conditions. Also, when the 

load on the engine increases, the mixture turns more towards 

the leaner side, which results in a decrease in fuel consumption 

at increasing loads for all the types of fuels. The highest BSFC 

value is for methanol blended fuel because it has the lowest 

calorific value as compared to ethanol and gasoline. Therefore, 

this results in slightly more consumption of fuel when using 

methanol 20% and ethanol 15% as blended fuels in the engine 

[16].  

In Figure 6, the variation of NOx with percentage load has 

been defined. This plot shows that by increasing load on the 

engine, the NOx emissions also increase. The curve is almost 

the same for all types of fuels. As NOx is formed when the 

temperature inside the combustion chamber increases 

resulting in the chemical reaction of nitrogen present in the air, 

and oxygen present in the fuel as well as in the atmosphere at 

high temperature forms the NOx emissions. The slightly more 

NOx emission is for gasoline 100%. This is because 

conventional fuel at increasing load increases the temperature 

inside the combustion chamber, which slightly increases the 

NOx emissions. ethanol has in build oxygen atom in its 

chemical structure and the addition of H2O increases the 

oxygen concentration inside the combustion chamber, which 

results in the complete combustion of fuel and thereby 

reducing the temperature and decreases the NOx emissions 

[17]. 
 

 
 

Figure 7. The variation of CO emissions of single-cylinder 

constant speed spark ignition engine under varying load 
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Figure 8. The variation of HC emissions of single-cylinder 

constant speed spark ignition engine under varying load 

 

In Figure 7, the CO emissions show very fewer emissions 

at the lower loads on the engine. At lower loads, the 

combustion of fuel burns very smoothly and fuel gets 

sufficient time for its complete combustion and the CO 

emissions decrease. This is because methanol and ethanol 

contain oxygen atoms in their molecular structure, which 

results in their complete combustion when used in a blended 

form in the engine. As the load on the engine increases, the 

gasoline 100% does not get sufficient time for complete 

oxidation of fuel and incomplete combustion takes place, so 

the gasoline 100% showed an increase in CO emissions at 

higher loads [18]. 

In Figure 8, the variation of HC emissions was compared 

for three types of fuels. The HC emissions are formed due to 

fuel goes inside the crevices and due to incomplete combustion 

of fuel at the starting of the engine at lower loads. With an 

increase in load, the fuel-air mixture turns more towards the 

leaner side and results in the complete combustion of fuel. This 

results in a lower value of HC emissions at higher loads. 

Almost all the fuels are efficient in terms of CO emissions, but 

methanol 20% with gasoline 80% proves more efficient at 

lower loads which shows slightly fewer HC emissions as 

compared to ethanol and gasoline fuels [19]. 

In Figure 9, the plot of pressure can be seen with varying 

crank angles. The combustion pressure showed almost equal 

pressure for all types of fuels. This can be seen on the pressure 

plot that peak pressure is around 35 bar with an increase in 

crank angle. The slightly lower value is for ethanol-based 

micro-emulsion fuel. The reason for this decrease in pressure 

is due to the presence of H2O molecule that lowers the 

temperature and pressure inside the combustion chamber [20, 

21]. 

 

 

 
 

Figure 9. The variation of pressure of single-cylinder 

constant speed spark ignition engine under varying Crank 

angle conditions 

 

 
 

Figure 10. The variation of Temperature of single-cylinder 

constant speed spark ignition engine under varying Crank 

angle conditions 

 

In Figure 10, the variation of temperature can be seen at 

varying crank angles. The temperature of the engine is highest 

at lower loads for all types of fuels. This is because at lower 

loads, the mixture is rich and the fuel supply increases, which 

results in the increase of its temperature and decreases with an 

increase in load when the mixture turns more towards the 

leaner side [21, 22]. 

 

 

5. CONCLUSION 

 

This investigation was performed on AVL Boost 

Simulation Software for predicting the performance and 

emission characteristics of the single-cylinder spark-ignition 

engine using two types of blended fuels, namely methanol 

20% in gasoline 80% and ethanol- H2O based emulsion fuel 

and were compared with 100% conventional gasoline fuel. 

The investigation leads to the following conclusion that the 

methanol 20% in gasoline 80% proves to be efficient fuel in 

terms of performance and emission characteristics. The power 

showed more increase than ethanol-H2O-based micro-

emulsion fuel. ethanol-H2O-based micro-emulsion fuel also 

proved efficient fuel as the emissions showed very less value 

as compared to 100% conventional gasoline fuel. Both 

methanol and ethanol addition reduce the NOx emissions more 
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than 100% conventional gasoline fuel. As the addition of 

oxygen atom and H2O molecule reduces the combustion 

temperature by complete oxidation of fuel. The CO and HC 

emissions were also lower than 100% conventional gasoline 

fuel and proved to be efficient fuel in terms of emission 

characteristics. 
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