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The aim of this study is to investigate experimentally the effects of methanol-

gasoline fuel blend on engine performance, combustion process, and exhaust 

emissions of a spark ignition (SI) engine under various lambda values at full 

engine load. Firstly, the methanol was blended with gasoline by volume fraction 

of 20%, which renamed as M20. The experiments were performed a constant 

engine speed at 2000 rpm and full load conditions. Then, the M20 fuel blend 

effects on the engine performance, combustion and exhaust emission 

characteristics were compared with pure gasoline fuel in terms of brake engine 

torque, brake specific fuel consumption (BSFC), thermal efficiency, combustion 

process, CO, CO2, HC and NO emissions at three different lambda values such as 

0.8, 1, 1.2. It was found that the addition of methanol substantially affected the 

engine performance, combustion process, and exhaust emissions at various 

lambda values. The methanol properties such as higher oxygen content, octane 

number, laminar flame speed (LFS), latent heat vaporization, and lower calorific 

value, and also the variation of the air-fuel ratio of the test fuels substantially 

influenced on the test results. Furthermore, these properties considerably affected 

the combustion characteristics such as ignition delay (ID), and combustion 

duration (CD). According to obtained results, the highest engine performance was 

observed for gasoline at λ=1. The M20 test fuel was exhibited a better combustion 

process when at λ=0.8 among other lambdas compared to gasoline. However, the 

best emission performance was obtained at λ=1 for the M20. Thus, the M20 test 

fuel can be used as a fuel considering the combustion and exhaust emissions. 

Overall, the engine performance, combustion, and exhaust emission 

characteristics are considerably affected by the variety of air-fuel ratio, oxygen 

content, octane number, LFS, and latent heat vaporization properties. 

Keywords: Methanol-gasoline blend, various lambda, engine performance, combustion, emission 

 

1. Introduction 

In this century, biofuels are attracting attention 

due to environmental problems, energy security 

concerns, decrease the current deficit, and 

socioeconomic reasons. Generally, lower 

exhaust emissions are emitted by biofuels such 

as biomethanol, biodiesel, bioethanol, and 

biohydrogen to compared fossil-based fuels [1, 

2]. Therefore, researchers have shown an 

increased interest in alternative fuels nowadays 
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due to they are one of the most promising fuel 

additives in the future [3]. Thus, alternative 

fuels such as bio-oils and bio-alcohols  can be 

produced from forest waste for using in the 

internal combustion engine [4]. In this respect, 

alternative biofuels have been studied by many 

researchers using in the internal combustion 

engine such as methanol [5], bioethanol [6], and 

biodiesel [7]. Thus, a considerable amount of 

study in the literature has been published about 

using alternative biofuels in the internal 

combustion engine. Balki and Sayın [8], 

investigated pure ethanol and methanol the 

effects on engine performance, combustion, and 

emission characteristics under various 

compression ratios. They reported that usually 

the engine performance and combustion were 

increased, while the exhaust emissions were 

decreased by the use of pure ethanol and 

methanol compared to gasoline at under all 

different compression ratios. Sarıkoç et al. [9], 

reported that the addition of methanol increased 

the thermal efficiency, the BSFC, maximum 

cylinder pressure, and heat release rate at 

stoichiometric lambda. Besides, the exhaust 

emissions positively affected by the methanol 

blends, except NO emissions.  Danaiah et al. [5] 

studied the addition of methanol in the gasoline 

in the volumetric ratio of 5%, 10%, and 15%, 

respectively. They investigated the effect of 

methanol rate on engine performance and 

exhaust emissions. The higher brake thermal 

efficiency is achieved by 10% of the methanol 

blend, while the lower emissions are observed 

when 15% of the methanol rate compared to the 

other blends. Furthermore, Agarwal and Dhar 

[10] concluded that the M20 fuel blend was 

higher brake thermal efficiency than M10 test 

fuel. 

According to reachable literature, a great 

number of the researchers have investigated the 

effects of different fuel blend ratios on the 

engine performance, combustion process, and 

emission characteristics of a SI engine. A few 

experiments have been performed to discover 

the effects of methanol-gasoline fuel blend on 

engine performance, combustion process, and 

exhaust emissions of a SI engine. However, 

researchers have not comprehensively 

investigated the effects of methanol-gasoline 

blends on the engine performance, combustion, 

and emission characteristics of a SI engine 

under various lambda values at full engine load. 

Thus, the objective of this investigation is to 

clarify the effects of various lambda and full 

engine load values on the engine performance, 

combustion and emission characteristics of a SI 

engine fueled with methanol-gasoline blends 

were comprehensively investigated. 

Table 1. The properties of the test engine 

Brand and Model Ford MVH418 

Engine type Four-stroke, Spark Ignition 

(SI) Number of Cylinders 4 

Cylinder volume, cm3 1796 

Bore-Stroke, mm – mm 80.6-88 

Compression ratio 10:1 

Max. engine speed,  rpm 5950  

Max. engine torque, Nm 153 (4000 rpm) 

Max. engine power, kW 77 

Cooling system Water-cooled 

Fuel system Multi-port fuel 

injection 

2. Materials and Methods 

2.1. Experimental setup and procedure 

The engine tests were conducted in the Engine 

Laboratory of the Mechanical Engineering 

Department at Erciyes University. The engine 

speed was chosen as 2000 rpm due to the 

average maximum performance obtained in this 

value [11]. In another study, the engine tests 

were performed at 2000 rpm with the same 

engine [12]. Therefore, the tests were performed 

with pure gasoline, and methanol-gasoline fuel 

blend at full engine load and 2000 rpm constant 

engine speed. Three different lambda values 

(0.8, 1, 1.2) effects were investigated in terms of 

engine power, the BSFC, the thermal efficiency, 

and exhaust emissions (CO, CO2, and NO) 

under these specific engine conditions. The 

airflow rate was controlled to obtain that the 

lambda values provided at 0.8, 1, and 1.2, 

respectively. Meanwhile, the throttle valve 

position was manually set according to each test 

fuel to obtain constant lambda and full engine 

load values when changing the air-fuel rate. 

A Ford brand, MHV418 model, 1.756 L, 77 kW, 

four-cylinder, four-stroke, naturally aspirated a 

SI direct-injection gasoline engine was used in 

the experiments. Table 1 presents an overview 

of the engine specifications. An eddy-current 

type dynamometer was coupled with the engine 

for measuring the engine torque and speed. 

Cylinder pressure was measured by a PCB 
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The number presents the engine components, respectively: 1. Spark-ignition engine, 2. Eddy-current dynamometer, 3. 

Intake manifold, 4. Intake throttle valve, 5. ECU, 6. Advanced ignition unit, 7. Cylinder pressure sensor, 9. Fuel 

flowmeter, 10. Fuel tank, 11. Fuel injector, 12. Data acquisition card, 13. Amplifier, 14. Combustion analyzer, 15. Exhaust 

gas analyzer, 16. Exhaust manifold, 17. Radiator, 18. Dynamometer data acquisition card, 19. Dynamometer control 

panel. 

Figure 1. The engine setup and components 

113B22 piezoelectric pressure sensor. A Krohne 

OptiMass 3000 liquid mass flow meter was used 

for measuring fuel consumption. A Bosch brand 

BEA 60 model emission gas analyzer was used 

for detecting the CO, CO2, O2, HC, and NO 

exhaust emissions. Table 2 provides the 

technical properties of the gas analyzer.  

The engine setup and components are shown in 

the experimental system details in Fig. 1. The 

most important properties of the methanol and 

gasoline are presented in Table 3. 

Table 2. Gas analyzer technical properties.  

Gases Measure range Sensitivity 

CO2, % v/v 0 – 18 %vol 0.01 % vol 

CO, % v/v 0 – 10 %vol 0.001 % vol 

O2, % v/v 0-22 %vol 0.01 % vol 

HC, ppm 0–9999 1 ppm 

NO, ppm 0–5000 ppm 1 ppm 

Lambda 0.5-1.8 0.1% 

Table 3. The properties of the test fuels [13,14].  

Fuel properties Gasoli

ne 

Methanol 

Chemical Formula C8H

15 

CH3OH 
Density (kg/m3) 715

-765 
792 

LHV (MJ/kg) 43 20.05 

Octane Number 92 111 

Oxygen Content (%) - 50 

Latent Heat (kJ/kg) 307 1147 

LFS (cm/s) 33-

44 
52 

2.2. Error analysis of the engine test system 

Kline and McClintock [15] presented a highly 

precise method that estimating the uncertainty 

of experimental results.  In this respect, this 

method was implemented to the engine system 

results for the purpose of determining the error 

analysis of the engine test system as follows: 

𝑤𝑅 = [(
𝜕𝑅

𝜕𝑥1
𝑤1)

2

+ (
𝜕𝑅

𝜕𝑥2
𝑤2)

2

+⋯

+ (
𝜕𝑅

𝜕𝑥𝑛
𝑤𝑛)

2

]

1
2

 

 

 

(1) 

x1, x2,x3,..., xn and w1,w2,...,wn are independent 

variables and uncertainties of the independent 

variables, respectively, that a given R function. 

Where wR is the total percentage error value of 

the engine test system. 

3. Results and Discussion 

The results of the study have been divided into 

four subjects which are dealing with error 

analysis, engine performance, combustion 

characteristics, and exhaust emissions, 

respectively. 

3.1. The error analysis  

The error analysis was calculated by using the 

formulas described by Ref. [16]. The engine 

system error parameters such as the engine 

power, torque, fuel consumption, thermal 

efficiency, emission were calculated to be 

0.244, 1.162, 2.568, 0.002, and 0.001, 

respectively. It is obvious that the calculated 

error ranges from 0.001 to 2.568% of the 

parameters. According to the results, the total 
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system error limit calculated to be ± 2.829 % 

rate which is lower than ± 5%. This value is a 

good agreement with the limit of the 

engineering error rate [17]. The details of the 

system components' accuracy value and 

calculated error values of each parameter are 

given in Table 4. 

Table 4. The accuracy and calculated error values of 

each parameter of the system components. 

Test Equipment Accuracy 
Calculated 

results 

Error 

(%) 

Eddy-Current 

Dynamometer 
± 0.25 % Brake Torque 0.244 

Pressure Sensor ± 1 % Brake Power 1.162 

Digital Rotary 

Encoder 
± 0.01 rpm BSFC 2.568 

Fuel mass flow 

meter 
± 0.1 % 

Brake 

Thermal 

Efficiency 

0.002 

Exhaust 

Gas 

Analyzer 

CO2 0.01 vol.% Emission 0.001 

CO 0.001 vol.% Total System 2.829 

HC 1 ppm   

NO 1 ppm   

 O2 0.1 vol. %   

3.2. The engine performance 

The engine performance characteristic for 

methanol-gasoline blends was compared with 

various lambda values at full load engine 

condition, as given in Fig. 2 and Fig. 3, 

respectively. The thermal efficiency is a 

measure of how much chemical energy in fuel 

can transfer to mechanical energy [14]. Thus, 

the thermal efficiency decreased with the 

reduction of lambda values due to the efficiency 

strongly depended on the input mass of the fuel. 

Therefore, the efficiency increased with the 

increase of the lambda values for the test fuels. 

It is calculated that the value of lambda 0.8, 1, 

and 1.2 efficiencies have 27.24%, 33.60%, and 

36.33% for G100, while 27.67%, 34.71%, and 

35.97 for M20, respectively. According to the 

results, it is obvious that the highest thermal 

efficiency values obtained at 1.2 lambda value. 

In this respect, the maximum thermal efficiency 

was measured 36.33% for G100 test fuel at 1.2 

lambda value and full load engine condition. 

However, M20 exhibited the efficiency of 

35.97%. It is obvious that the addition of the 

methanol the thermal efficiency value to be 

0.99% less than gasoline at 1.2 lambda value. 

Although the methanol (20.05 MJ/kg) has 

approximately half the lower heating value 

compared to gasoline (43 MJ/kg) [13], the 

addition of methanol has increased the 

efficiencies up to 1.55% and 3.31% compared to 

G100 at 0.8 and 1 lambda values, respectively. 

This situation can be explained with excess air 

slightly affected the combustion efficiency of 

the M20 blend at 1.2 lambda value. However, 

the efficiency can be apparently increased by the 

methanol addition at a rich and stoichiometric 

air-fuel zone. Methanol slightly decreased the 

thermal efficiency value to be 0.99% less than 

gasoline at 1.2 lambda value. This situation can 

be explained with alcohols have a higher octane 

number, charge cooling ability, and rich oxygen 

content of fuel characteristics [13,18] that lead 

to better combustion and engine stability so the 

M20 blend caused more thermal-efficient than 

gasoline, except the leaner air-fuel zone at 1.2 

lambda value. Nevertheless, the thermal 

efficiencies have exhibited an increasing trend 

with the increase of lambda values. This result 

is in agreement with Li et al study [14], which 

reported that the brake thermal efficiency 

increased with a reduction of equivalence ratio 

that has a reciprocal relation with lambda value. 

Balki and Sayin [8] reported that the maximum 

combustion efficiency achieved with pure 

methanol was 99.45%, whereas pure gasoline 

was 97.57% at the compression ratio of 8.5:1. 

Galloni et al. [19] declared that the increase of 

CO emissions decreased the thermal efficiency 

of the engine due to the lack of enough O2 

amounts. The CO reaction leads to the rich fuel 

mixture is not fully converted to CO2 during the 

combustion process. Thus, an important amount 

of energy is released into the atmosphere by 

means of CO emission. In this respect, the 

addition of the methanol increased the oxygen 

rate of the fuel blend. Therefore, the CO 

emission values decreased to be 1.55% and 

54.26% at λ=0.8 and λ=1, respectively. In 

addition to these, Zhang et al. [18] explained 

that the octane number and charge cooling effect 

of fuels substantially affect the anti-knock 

ability. Furthermore, Çelik et al. [20] 

determined that the engine thermal efficiency is 

considerably improved by the high anti-

knocking resistance of the pure methanol at the 

same compression ratio compared to gasoline. 

Thus, a positive effect on the thermal efficiency 

of the engine is obtained by the addition of 

methanol which leads to the regular working of 

the engine. Considering overall, this increase in 
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thermal efficiency is not only resulted from 

improving the combustion efficiency, but also 

the engine performance, exhaust emissions, and 

fuel properties effects. 

 
Figure 2. The thermal efficiency values compared to 

lambda values. 

 
Figure 3. BSFC values compared to lambda values. 

The profile of BSFC against lambda values 

under full load is given in Fig. 3. With 

increasing lambda values, the BSFC values 

were decreased for all test fuels. According to 

results in Fig. 3, λ=1.2 exhibited the lowest 

BSFC in the lambda values. However, it is 

apparent from this figure, the addition of 

methanol considerably increased the BSFC 

values. Furthermore, it can be concluded that 

0.8, 1 and 1.2 lambda values have 10.24%, 

8.37% and 13.06% rates higher BSFC than 

gasoline. As can be seen, the maximum increase 

was 338.78 g/kWh at λ=0.8 when methanol was 

added. The results, as shown in Fig. 3, indicate 

that the BSFC values are increased by the 

addition of methanol in gasoline due to the 

BSFC substantially depends on the LHV of test 

fuels. This result is in a good agreement with in 

the previous study, which reported that a strong 

relationship between the BSFC and LHV of 

fuels [14]. However, the LHV of methanol has 

not considerably affected the engine torque 

values compared to G100. These changes were 

observed by an increase of 0.34% and 0.26% at 

0.8 and 1 lambda values, while a decrease of 

0.39% at 1.2. The engine torque variations are 

presented in Fig. 4. Overall, the obtained results 

revealed that the addition of methanol into 

gasoline causes an increase in the BSFC at all 

lambda values. 

 
Figure 4. The engine torque values compared to lambda 

values. 

3.3. The combustion characteristic 

The combustion characteristics of the test fuels 

under various engine conditions were addressed 

by measuring the combustion chamber pressure 

and these data were used for calculating the heat 

release rate of the engine. Extensive evaluations 

have been reported about the combustion 

characteristics of each test fuels under various 

lambda values. In this respect, cylinder pressure 

and net heat release rate of methanol-gasoline 

blend under various lambda values were 

compared with each other, as given in Fig. 5. It 

is obvious that the combustion characteristic 

was considerably affected by the addition of 

methanol and the changing of the lambda 

values.  

A number of researchers have reported that the 

ignition delay expressed by 0-10% mass fraction 

burned (MFB) and the combustion process 10-

90% MFB [14,21]. Thus, the combustion 

phasing can be calculated for different test fuels 

and engine conditions to evaluate further 

analysis [14]. As seen in Table 5, the ID and CD 

values increased with the rising of the lambda 

values for both test fuels. However, the addition 

of methanol in gasoline fuel led to a reduction in 

the ID period. On the other hand, the methanol 

increased the CD period compared to gasoline. 

It is obvious that the methanol considerably 

affects the ID and CD period. This situation can 

be explained by several possible reasons. It is 

almost certain that the fuel properties are a result 

of these effects. There is a strong possibility that 

one of the most important reasons can be the 

higher LFS, heat evaporation and octane 

number of the methanol. These findings agree 

with the results of other studies. 

A number of researchers have reported that the 

ignition delay expressed by 0-10% mass fraction 

burned (MFB) and the combustion process 10-

90% MFB [14,21]. Thus, the combustion 

phasing can be calculated for different test fuels
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Figure 5. The combustion process of test fuels at various lambda values 

and engine conditions to evaluate further 

analysis [14]. As seen in Table 5, the ID and CD 

values increased with the rising of the lambda 

values for both test fuels. However, the addition 

of methanol in gasoline fuel led to a reduction in 

the ID period. On the other hand, the methanol 

increased the CD period compared to gasoline. 

It is obvious that the methanol considerably 

affects the ID and CD period. This situation can 

be explained by several possible reasons. It is 

almost certain that the fuel properties are a result 

of these effects. There is a strong possibility that 

one of the most important reasons can be the 

higher LFS, heat evaporation and octane 

number of the methanol. These findings agree 

with the results of other studies. Previous studies 

have reported that the LFS substantially affects 

the combustion rate in the course of the early 

combustion phase, which is 0-10% MFB [14]. 

Thus, the early combustion phase (CA0-10) is a 

crucial parameter for engine combustion quality 

due to flame development duration is 

considerably affected by the alcohol fuels [22]. 

CA10-90 duration can be identified by the flame 

propagation duration. This can be calculated by 

a period of the total fuel combustion duration 

that is equal to the 10-90% heat release rate 

period [21]. Besides, according to Zhang et al. 

[18], reported that LFS increases with an 

increasing alcohol content so that 10-90% MFB 

and LFS has a strong relationship with each 

other. 

Higher latent of the vaporization heat value of 

the alcohols lead to the cooling effect on the 

cylinder inside, which can a reduction in the 

combustion rate compared to gasoline. 

Therefore, the ID is considerably affected by the 

latent heat of vaporization and the vapor 

pressure [14]. Besides, the combustion stability 

can be improved by the higher octane number 

and charge cooling effect of the alcohols 

because of both parameters substantially affect 

the anti-knock ability [18]. 

However, the maximum cylinder pressure 

(CPmax) and the maximum heat release rate 

values (HRRmax) are negatively affected by an 

increase in lambda values. For example, with 

increasing the lambda, the maximum cylinder 

pressure values obviously dropped from 41.63 

to 38.87 bars at 0.8 to 1 lambda for gasoline. 

Furthermore, the maximum pressure dropped 

from 38.87 to 36.73 bars at 1 to 1.2 lambdas. On 

the other hand, the maximum heat release rate 

values dramatically decreased from 39.06 to 

33.19 J/ºCA at 0.8 to 1 lambda for gasoline. 

Moreover, the maximum heat release rate 
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considerably dropped from 33.19 to 25.75 J/ºCA 

at 1 to 1.2 lambdas. However, the M20 blend 

had an increase of 8.91%, 6.35%, and 6.89% in 

the maximum cylinder pressure values at 0.8, 1, 

and 1.2 lambda values, respectively, compared 

to G100. In addition to this, the M20 blend had 

an increase of 1.56%, 3.98%, and 8% in the 

maximum heat release rate values at 0.8, 1, and 

1.2 lambda values, respectively, compared to 

G100. A possible explanation is that the excess 

air caused more lean combustion. Thus,  CPmax 

and HRRmax values decreased with increasing 

lambda values. This finding is consistent with 

that of Ji and Wang [23] who reported that the 

cylinder temperature and fuel energy flow rate 

decreased with an increase of lambda values. 

Also, they determined that the increase of 

lambda values led to an extension in the ID and 

CD period. As can be seen in Table 5, the ID and 

CD periods prolonged with the increase of 

lambda values. On the other hand, the addition 

of methanol increased both of the CPmax and 

HRRmax values compared to gasoline, while 

decreased the ID period. For example, the M20 

test fuel exhibited the highest the CPmax and 

HRRmax values that were found to be 45.34 bars 

and 39.67 J/ºCA at 0.8 lambda, respectively.  It 

could be that the addition of methanol led to 

more fuel introducing into the combustion 

chamber due to the increase of the BSFC values. 

Thus, the octane number of the blend was 

increased by the addition of methanol that 

increase also ignition resistance of the fuel blend 

[3]. In addition to this, the blend oxygen amount 

increased due to the high oxygen content of 

methanol which is approximately 50% oxygen 

in its mass [14]. Thus, more fuel accumulation 

in the combustion chamber in a short ID period 

had led to sudden and rapid combustion so that 

excess fuel caused an increase in the CPmax and 

HRRmax. This finding is good agreement with 

ref [6] result which is reported that the oxygen 

content increases the maximum HRR. 

Simultaneously high energy-released leads to 

relatively higher pressure in the short ID period 

[24]. This is because of the excess air needs 

more time for combustion. Interestingly, the CD 

of the M20 test fuel also exhibited an extension 

compared to gasoline all lambda values. 

However, the ID period decreased due to the 

higher LFS value of the methanol at lambda 

values [14]. The results, as shown in Fig. 3, 

indicate that the maximum BSFC value was 

reported to be 338.78 g/kWh among the test 

fuels at λ=0.8. 

Table 5 presents an overview value of ID, CD, 

CPmax, and HRRmax which are very important 

parameters for combustion analysis of the test 

fuels. It can be seen in Table 5 that the results of 

the CD have an escalating trend with increased 

lambda values. This is because of the excess air 

needs more time for combustion. Interestingly, 

the CD of the M20 test fuel has also exhibited 

an extension compared to gasoline all lambda 

values. However, the ID period decreased due to 

the higher LFS value of the methanol [14]. This 

result can be explained by the fact that the higher 

the octane number, latent heat vaporization, and 

oxygen content of the methanol affected the 

combustion phases. These findings agree with 

the results of other studies that are reported a 

higher LFS [14,24], octane number [25], charge 

cooling effect [18], and extra oxygen content 

[26] of the alcohols considerably affect the 

combustion phasing compared to gasoline. In 

this respect, the minimum ID period was 

exhibited by the M20 test fuel at this engine 

condition. This situation can be explained by the 

high LFS of the methanol. 

Table 5. The combustion characteristics of test fuels at 

various engine loads and lambda values 

100% Engine Load 

 Lambda 

(λ) 

ID  

(ºCA) 

CD 

(ºCA) 

CPmax 

(bar) 

HRRmax 

(J/ºCA) 

 0.8 10.5 12 41.63 39.06 

G100 1 11.5 12.5 38.87 33.19 

 1.2 16.5 15.5 36.73 25.75 

 0.8 9 12.5 45.34 39.67 

M20 1 11 15 41.36 34.51 

 1.2 13.5 17 39.26 27.81 

The crank angle values of the end of the 

combustion process that correspond to 90% of 

the MFB occurred to be at 372.5 CA, 373 CA, 

and 374 CA for the G100, 0.8, 1, and 1.2 lambda 

values respectively. In addition, it was obtained 

at 372.5 CA, 374 CA, and 374 CA for M20, 

respectively. It is obvious from these results that 

the end of the combustion process crank angle 

values have not considerably affected by the test 

fuels and lambda values. However, it can be 

concluded that the ID and CD parameters were 

subtantially affected by the methanol addition 

due to the methanol properties. 
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Overall, it can be seen from the fuel properties 

of test fuels in Table 3 that the methanol 

specifications such as oxygen content, octane 

number, laminar flame speed, and latent heat 

vaporization values have very important effects 

on the ID, CD, CPmax, HRRmax in the 

combustion period. Thus, the main 

characteristics of the combustion process were 

substantially affected by the methanol 

specifications such as oxygen content, octane 

number, laminar flame speed, and latent heat 

vaporization values. As Table 5 shows, there is 

a considerable difference between G100 and 

M20 test fuel combustion analysis results are 

highlighted. 

3.4. The exhaust emissions 

The exhaust emission characteristics such as 

CO, HC, CO2, and NO were given and also they 

have been deeply discussed according to the 

obtained results. These are provided insight into 

the analysis of the effects of lambda values and 

the addition methanol on the exhaust emissions. 

The variation of the CO emission values with 

regard to lambda values are as shown in Fig. 6. 

It is obvious in the figure that the CO emission 

dramatically decreased by an increase in the 

lambda values. This decreasing trend can be 

explained by the rich air-fuel mixture that can be 

led to an increase in the formation of CO 

emission due to incomplete combustion. This 

result is in agreement with the literature 

findings. For instance, Agarwal and Dhar [10] 

reported that insufficient oxygen availability 

caused an increase in CO emission due to 

incomplete combustion at higher engine load. 

Galloni et al. [19] presented a result that rich 

mixture has not fully oxidized to the formation 

of CO2 due to lack of enough O2. The formation 

of CO increased so that observed a reduction in 

engine thermal efficiency. Also, Ciniviz et al. 

[27] reported that insufficient oxygen as the 

major cause of CO emissions. The addition of 

methanol into gasoline considerably reduced the 

CO emission, except λ=1.2. Thus, the maximum 

reduction was observed that a decrease of 

54.06% compared to the G100 at stoichiometric 

value (λ=1). The lower CO emission formation 

due to the extra oxygen content of the alcohol 

blends was improved the combustion reaction. 

This result is in agreement with the literature 

findings [10,28]. However, the addition of 

methanol was exhibited by 4.35% an increase in 

the CO emission at λ=1.2. This situation can be 

explained by the fact that the lean air-fuel ratio 

leads to incomplete combustion due to lower 

flame speed. This result is supported by 

Pulkrabek [13] who noted that the leaner air-fuel 

ratio leads to a slower flame speed. 

 
Figure 6. The variation of CO emission at different 

lambda values. 

The changing of HC emission value according 

to the test fuels and lambda values are presented 

in Fig. 7. The emission values of HC were 

substantially decreased by an increase of lambda 

values. Moreover, the addition of methanol 

decreased the formation of HC, except at λ=0.8. 

These reduction percentages of HC emission 

occurred as 0.94% and 8.51% with respect to 

gasoline at λ=1 and λ=1.2, respectively. In 

contrast to these, the addition of methanol had 

considerably an increase of 14.43% in the HC 

emissions compared to gasoline at λ=0.8. It 

seems possible that this situation is due to a 

lower combustion period and higher LFS of the 

methanol that negatively affected the formation 

of HC emissions. Besides, as can be seen in Fig. 

3 that the highest BSFC value occurred at λ=0.8 

lambda with M20 test fuel. In addition to this, a 

high evaporation heat value of the methanol can 

be withdrawn to heat from inside the cylinder. 

Thus, the charge cooling effect of the methanol 

may have caused an increase in the formation of 

HC. This finding is supported by Yilmaz et al. 

[29] result. They reported that wall quenching 

effect and partial burns lead to an increase in HC 

emissions. 

 
Figure 7. The variation of HC emission at different 

lambda values. 
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Figure 8. The variation of CO2 emission at different 

lambda values. 

The variation of CO2 emission at different 

lambda values are given in Fig. 8. The emission 

values of CO2 in the exhaust gas are a good 

parameter for understanding the complete 

combustion in the cylinder [30]. The highest 

value of CO2 emission occurred at λ=1 for both 

test fuels. However, the lowest value of CO2 

emission was obtained at λ=0.8. It is obvious 

from the results that the complete combustion 

occurred at λ=1. The aforementioned decreasing 

in the CO and HC values can be related to the 

increase of CO2 emissions because the complete 

combustion ensures a reduction in CO and HC 

emissions. These findings are in agreement with 

Sharudin et al. [31] study. They noted that the 

CO and HC emissions are decreased by all 

gasoline-methanol blends with iso-butanol 

additive due to the combustion efficiency is 

improved by the rich oxygen content of fuel 

blends. Therefore, an improvement is observed 

in the CO and HC emission value according to 

obtained results. In addition to this, Örs et al. 

[32] reported that the emissions of CO and CO2 

have a rise and fall balance between each other. 

The addition of methanol slightly decreased by 

0.87% of the CO2 emission at λ=1, while 

interestingly formation of CO2 was equal at 

λ=0.8 for both test fuels. However, the methanol 

had slightly an increase of 0.86% in the CO2 

emission with compared to gasoline at λ=1.2. 

Considering the results of the CO2 emissions 

indicated that the CO2 emissions have not been 

substantially affected by the addition of 

methanol. 

The variation of NO values for the test fuel at 

different lambda values are given in Fig. 9. NOx 

emissions substantially depend on the 

combustion parameters such as combustion 

temperature, combustion period, reaction speed, 

and oxygen content [33]. 

As can be seen from the figure that the value of 

NO increased with the rise of lambda values. It 

 
Figure 9. The variation of NO emission at different 

lambda values. 

seems possible that this is due to the rich air-fuel 

ratio leads to the incomplete combustion. Thus, 

the value of NO emissions was dramatically 

lower than λ=1 and λ=1.2. This finding is also 

supported by the previous results in which 

presented in Fig. 6-7. In these figures, the values 

of CO and HC emissions substantially higher 

than others due to the incomplete combustion 

increased both of them. A strong relationship 

between the incomplete combustion and an 

increase of the CO and HC emission values have 

been reported in the literature [29,30]. Thus, it is 

almost certain that the lower NO emission 

values were a result of the inadequate air-fuel 

reaction at λ=0.8. In addition to this, it could be 

that the shortest combustion period as seen in 

Table 5 is a reason for the lower formation of 

NO emissions. On the other hand, the addition 

of methanol decreased the NO emissions that 

reduced by 67.2% and 2.91% with respect to 

gasoline at λ=0.8 and λ=1.2, respectively. This 

result may be explained by the good correlation 

between the characteristics of methanol and the 

formation of NO. In other words, the higher 

latent of heat evaporation of methanol decreased 

the combustion temperature due to the charge 

cooling effect. Besides, the higher LFS of 

methanol decreased the combustion duration 

period. Surprisingly, the value of NO increased 

by 5.11% compared to gasoline at λ=1. This 

inconsistency can be caused by a longer 

combustion period at the stoichiometric rate. 

Table 5 shows that there has been a gradual rise 

in the sum of the ID and CD periods to compare 

others. Namely, the addition of methanol was 

observed an increase in the combustion period 

by contrast with other lambda values. Thus, this 

increase in NO values could be due to a 

prolonged combustion period at λ=1. 

Comparing the test fuel results, it can be 

concluded that the addition of methanol led to a 
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decrease the formation of NO at various lambda 

values, except at λ=1. 

4. Conclusion 

In this study, the engine performance, 

combustion process, and exhaust emission 

characteristics of a SI engine fueled by the 

methanol-gasoline (in vol. 20% methanol) 

blends have been investigated in terms of 

various lambda values, a constant engine speed 

that is 2000 rpm, and at full engine load 

conditions. According to obtained results, some 

of the important conclusions can be drawn as 

below:  

 The addition of methanol increased the 

thermal efficiency of the M20 fuel blend for all 

lambda values, except at λ=1.2. However, the 

highest efficiencies observed for both test fuels 

at λ=1.2. 

 The highest BSFC values occurred at 

λ=0.8 due to the rich air-fuel mixture. The 

addition of methanol led to substantially an 

increase in the BSFC values with respect to 

gasoline at all of the lambda values due to the 

LHV of methanol.   

 The BSFC values of the M20 fuel blend 

increased between 8.37% and 13.06% compared 

to gasoline. However, the thermal efficiency of 

the M20 increased due to some of the important 

properties of methanol such as the higher octane 

number, oxy-rich content, and LFS, except at 

λ=1.2. These properties ensure the proper 

working of the test engine without anti-

knocking or incomplete combustion. 

 The ID and CD values increased with the 

increment of the lambda values. However, a 

decreasing trend observed for the CPmax and 

HRRmax at both test fuels.  

 The addition of methanol decreased the 

ID period at all lambda values. However, it is 

not only increased the CD but also raised the 

CPmax and HRRmax values.  

 The methanol specifications such as the 

oxygen content, octane number, the LFS, and 

latent heat vaporization values considerably 

affected to the some of the main characteristics 

of the combustion. 

 Methanol has considerably effective in 

the formation of CO, HC, and NO emissions at 

full engine load. 

 The highest CO and HC emissions were 

occurred due to the inadequate combustion 

process at 0.8 lambda.  

 The highest CO2 emissions were 

observed at λ=1 in consequence of the complete 

combustion process.  

 The lowest NO emission values were 

observed at λ=0.8. Because the shorter 

combustion period and the rich air-fuel mixture 

have not caused the formation of NO. 

 The LFS, oxygen content, latent heat 

vaporization, octane number, and lower heating 

value properties have considerably affected the 

engine performance, combustion process, and 

exhaust emission characteristics. 

This study presents that the addition of methanol 

to gasoline and various lambda values 

substantially influence on the engine 

performance, combustion process, and exhaust 

emissions. The results of this study are 

explained that the effects of methanol properties 

such as the oxygen content, octane number, 

LFS, and latent heat vaporization, and also the 

variations of air-fuel ratio effects. These 

findings are extended our knowledge of the 

usage of methanol effects with the various 

lambda values on performance, combustion, and 

emissions in a SI engine. Further research is 

recommended that investigates the effects of the 

different alcohols, hydrogen, and natural gas, or 

biogas, etc. alternative fuels gas on the engine 

performance, combustion, and emissions at 

various lambda values. 
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Nomenclature 

BSFC 
Brake specific fuel consumption 

(g/kWh) 

CA Crank angle (Degree) 

CD 
Combustion duration (Crank 

Angle) 

CO Carbon monoxide 

CO2 Carbon dioxide 

CPmax 
The maximum cylinder pressure 

(bar) 

ECU Engine control unit 

G100 G100% pure gasoline 

ID Ignition delay (Crank Angle) 

HRRmax The max. heat release rate (J/CA) 
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LHV Lower heating value (MJ/kg) 

LFS Laminar flame speed (cm/s) 

MFB Mass fraction burned 

M20 
G80% Gasoline+20% Methanol (in 

vol.) 

NO Nitric oxide 

O2 Oxygen 

SI Spark Ignition 

λ Lambda 
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