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Abstract:  Higher octane number and clean burning ability of the renewable energy sources attracted the researchers as 

alternative for petrol. Many researchers have studied the effect of methanol and gasoline – methanol blends as fuel for spark 

ignition engine and showed better results for methanol in case of performance and exhaust emissions. The potential to use 

gasoline – methanol blends as fuel is due to improved performance and reduction in CO, CO2, UBHC and other pollutants. In this 

work, effect of spark timings on engine performance and emissions is studied at four different spark ignition combinations. The 

experimentation carried out on single cylinder four stroke twin spark ignition engine for both gasoline and methanol under full 

throttle condition at the fixed engine speed of 1600 RPM. The experimental results revealed that, fuel consumption increased for 

methanol compared to gasoline. However efficiency of the engine increased for methanol fuel due to the higher octane number 

and laminar speed of methanol with decrease in CO, CO2, UBHC and NOx. 

Index Terms - Manifold, LPG, Gasoline, CO, CO2, NOx, UBHC. 

I. INTRODUCTION 

 

The alternative fuels that quite resemble gasoline are derives from organic chemicals namely alcohols .The compounds like 

methanol and ethanol sound like good candidates to substitute the former since they have almost similar and better combustion 

characteristics compared to gasoline [1]. The alcohols namely methanol and ethanol are organically produced by the fermentation 

and distillation of live-stocks rich in starch content. Synthesis gas for the production of crude methanol can be obtained from the 

gasification of coal, wood, straw, garbage, plant stalks. The synthesis gas can also be got from decomposing biomass which 

currently is a major source of methanol and ethanol [2]. Another organic method of producing methanol is the gasification of rice 

husk under partial oxidation.[3]. The keen interest lies in the fact that methanol as well as ethanol has profound higher octane 

number, higher oxygen ratio, low carbon to hydrogen ratio, high flammability limit for combustion in IC engines. Minute changes 

to these fuels can enable them to be used as fuels for combustion engines [4, 5]. The ignition time gap is very important in proper 

combustion and is to be set very carefully. Use of two spark plugs in this work initiates the sparks in two different directions 

leading to an increase in the combustion efficiency by uniform combustion in the combustion chamber. The more ignition advance 

may increase the cylinder pressure rapidly but increases the work required to make piston travel in the upward direction. If the 

spark initiates too late, the combustion ends with improper combustion with lower cylinder pressure [6-10]. In this work spark 

timing is adjusted by electronic circuit instead of mechanical linkages to avoid the inertia and friction losses. The optimal spark 

timings have been found out by testing the engine at five different spark ignition combinations. 

II. METHODOLOGY 

The performance and emission characteristics were performed on a computerized, four stroke single cylinder engine with variable 

compression ratio. The specifications of the mentioned engine are enlisted in table 1. The test rig was also provided with variable 

spark timing and dual spark plugs facility. The schematic diagram of engine setup used in this work is depicted in the Fig. 1. As 

enshrined by earlier work done by researchers, it has been duly noted that usage of methanol increases the fuel consumption of the 

engine. So it was important to maintain adequate fuel flow rate by adjusting carburetor main jet for methanol to prevent from 

stalling under maximum load conditions. This work is aimed at achieving homogeneous combustion in SI engine and improves the 

performance with reduction in emission. This was achieved by developing twin spark ignition and tried with the different 

combination. A secondary spark plug to facilitate dual ignition was accommodated by a hole drilled on the other side of the engine 

head. The test engine was set to run under full throttle condition at the constant speed of 1600 rpm. The layout of experimental 

setup is shown in the Fig. 2. 
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Table 1. Engine Specifications. 

 

 

 

Fig. 1. Schematic diagram of experimental test rig. 
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Fig. 2. Layout of Experimental setup. 

III. ENGINE PERFORMANCE 

Fig. 3. Clearly explains the brake power produced for different spark ignition combination. Comparing the results obtained at 

different combinations while gasoline is used as a fuel the minimum brake power obtained is 3.62 kW at 22o BTDC – 20o BTDC. 

The maximum brake power 5.19 kW is obtained using methanol as a fuel at 26o BTDC – 24o BTDC. The brake power has 

increased for first two combinations but reduced for 26o – 26o BTDC and 22o – 20o BTDC. The initiation of spark 

simultaneously in two different direction reduced combustion efficiency which can be observed in the experimental result. The 

increase in engine knocking due to collision of two pressure waves created at two different directions might be the reason for 

decrease in power at 26o – 26o BTDC. Early start of combustion can increase the work required to move the piston in the upward 

direction which will reduce power. Initiating the spark near to TDC by delaying spark timings also gives adverse effect due to 

insufficient time for complete combustion since the piston already travelled down before completion of the combustion. 

 

Fig. 3. Variation of brake power verses Spark timings. 

 

The indicated thermal efficiency of engine at different spark timings is elaborated in the Fig. 4. Using gasoline as a fuel maximum 

efficiency was found to be 23.88% at 26o – 24o BTDC combination. Increase in power increases the thermal efficiency of the 

engine. Using gasoline as a fuel, maximum indicated thermal efficiency (ITE) was found to be 28.64% at 26o – 24o BTDC spark 

combination. 

The minimum thermal efficiency obtained using methanol as a fuel is 26.02%. Oxygen enrichment, higher laminar flame speed 

and higher heating value of methanol are the reasons for increased thermal efficiency [11-13]. By comparing the experimental 

results 26o – 24o BTDC can be considered at optimum spark timing combination. 
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Fig. 4. Variation of ITE verses Spark timings. 

 

The variation of brake thermal efficiency at different spark ignition combination is presented in the Fig. 5. The engine has showed 

better thermal efficiency for methanol at all spark timing combinations. By comparing the experimental results, the maximum 

thermal efficiency is found to be 23.46% at 26o – 24o BTDC. Using gasoline as a fuel, minimum thermal efficiency obtained is 

17.92% at 22o – 20o BTDC. Uniform combustion, high laminar speed, increased brake power might be the reasons for increase in 

thermal efficiency. 

 

Fig. 4. Variation of ITE verses Spark timings. 

 

The CO emissions decrease considerably when the engine operates close to its stoichiometric ratio[13-15]. The engine 

compression ratio of the fuel also effects the CO emission. Emission of carbon monoxide for different combination spark timings 

is described in the Fig. 6. The lowest CO emission was found to be 0.35% at 26o – 24o BTDC using methanol as a fuel. It can be 

observed from the figure that CO emission decreased for first, second and fourth combinations and showed higher value for third 

and fifth combinations. Increase in engine knocking due to sudden increase in engine temperature at the latter part of the 

combustion increases CO emission, which is experienced in 22o – 20o BTDC. 
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Fig. 7. Variation of UBHC verses Spark timings 

 

Fig.7 shows the variation of UBHC with different spark timing combinations. The maximum and minimum hydrocarbon 

emissions can be observed in the fifth and third combinations respectively. Initiating sparks at 22o – 20o BTDC provides a short 

time for combustion of fuel mixture and the temperature starts reducing in the next stroke leading to increased HC emission. 

Addition of methanol to gasoline showed decline in HC emission for all combinations compared to gasoline. Advancing ignition 

timing reduces UBHC emission due to earlier start of combustion with respect to TDC. It is also observed that 26o – 26o BTDC 

showed higher HC emission compared to other combinations. Initiating the sparks at same time tends to increase cylinder 

temperature rapidly, it also increases the cylinder wall temperature and ends with engine knock increasing the HC emission. 

Comparing the experimental results in the figure, the spark ignition combination 26o – 24o BTDC can be considered as optimum 

spark ignition time. 

 

Fig. 8. Variation of NOx verses Spark timings 

 

The influence of spark timings on NOx emission is presented in the Fig. 8. It can be observed from the experimental results that, 

NOx emission increased remarkably for third and fifth spark ignition combinations. However it showed less for methanol in all 

combinations compared to gasoline due to high heat of vaporization of methanol [12]. Initiating spark simultaneously from two 

spark plugs may increase cylinder temperature rapidly in the third combination and might be the reason for increase in NOx 

emission. Initiating sparks near the top dead center also increases the combustion temperature to higher extent which tends to 

increase the NOx emission. 
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CONCLUSION 

The effect of spark timings on different engine parameters is studied at five different combinations. Engine performance and 

emission parameters is observed better for 32o – 28o BTDC and 28o – 26o BTDC with low exhaust emission, but not continued 

during 26o – 26o BTDC. The engine was tested with other combinations of spark timing such as 26o – 24o BTDC. During the 

experimentation engine performance is enhanced with lower exhaust emissions. But this trend did not sustain when the engine was 

tested with 22o – 20o BTDC combination. By comparing the results obtained, 26o – 24o BTDC can be considered as best 

optimum spark timing with improved performance and lower emission. However, further measures are necessary in engine 

exhaust handling system to reduce NOx emission. 

REFERENCES 

[1] J. Vancoillie, J. Demuynck, L. Sileghem, M. Van De Ginste, S. Verhelst, and I. Brabant, "The potential of methanol as a fuel 

for flex-fuel and dedicated spark ignition engines," Appl Energy, vol. 102, pp. 140-149, 2013. 

[2] H. Nakagawa, T. Harada, T. Ichinose, K. Takeno, S. Matsumoto, and M. Kobayashi, "Biomethanol production and CO2 

emission reduction from forage grasses, trees and crop residues," JARQ, vol. 41, pp. 173-180, 2007. 

[3] J. Li, C. M. Gong, Y. Su, H. L. Dou, and X. J. Liu, "Effect of injection and ignition timings on performance and emissions 

from a spark-ignition engine fueled with methanol," Fuel, vol. 89, pp. 3919-3925, 2010. 

[4] S. Yousufuddin and S. N. Mehdi, "Effect of ignition timings, equivalence ratio, and compression ratio on the performance and 

emission characteristics of variable compression ratio SI engine using ethanol-unleaded gasoline blends," IJE Trans B Appl, vol. 

21, pp. 97-106, 2008. 

[5] M. Canakci, A. N. Ozsezen, E. Alptekin, and M. Eyidogan, "Impact of alcohol-gasoline fuel blends on the exhaust emission of 

an SI engine," Renewable Energy, vol. 52, pp. 111-117, 2013. 

[6] [18] X. Wu, R. Daniel, G. Tian, H. Xu, Z. Huang, and D. Richardson, "Duel-injection: the flexible, bi-fuel concept for spark-

ignition engines fueled with various gasoline and biofuel blends," Appl. Energy, vol. 88, pp. 2305-2314, 2012. 

[7] [19] R. H. Chen, L. B. Chiang, and M. H. Wu, "gasoline displacement and NOx reduction in an SI engine by aqueous alcohol 

injection," Fuel, vol. 89, pp. 604-610, 2010. 

[8] [20] A. Elfasakhany, "Investigations on the effects of ethanol-methanol-gasoline blends in a spark-ignition engine: 

performance and emission analysis," JESTECH, vol. 18, pp. 713-719, 2015. 

[9] [21] N. A. OTTO, "Gas Motor Engine," US patent application US 365701., 1887. 

[10] [22] Z. Peng, "New orientation and new progress of fuel methanol industry in China, and new thinking on the industry," 17th 

International Symposium on Alcohol Fuels, Taiyuan, China, 2008. 

[11] [23] W. Y. Li, Z. Li, and K. C. Xie, " The Development of Methanol Industry and Methanol Fuel in China," Energy Sources, 

Part A: Recovery, Utilization, and Environmental Effects, vol. 31, pp. 1673-1679, 2009. 

[12] [24] G. A. Olah, A. Goeppert, and G. K. S. Prakash, "Beyond Oil and Gas: The Methanol Economy," Wiley, 2006. 

[13] [25] P. F. Ward and J. M. Teague, "Fifteen years of fuel methanol distribution," XI Int. Symp Alcohol Fuels, 1996. 

[14] [26] L. Richard, M. B. Bechtold, Goodman, and T. A. Timbario, "Use of Methanol as a Transportation Fuel, Prepared for The 

Methanol Institute.," Use of Methanol as a Transportation Fuel. 

[15] [27] A. Ramtilak, A. Joseph, G. Sivakumar, and S. Bhat, "Digital Twin Spark Ignition for Improved Fuel Economy and 

Emissions on Four Stroke Engines," SAE Technical Paper, vol. 26, 2005. 

http://www.jetir.org/

