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Abstract: Finding substitute fuels has been more popular in recent years as a response to escalating pollution levels and fuel
shortages. The goal of this research is to find the ideal gasoline to ethanol ratio that will maximize engine performance and
reduce emissions in spark ignition engines. In order to analyse the performance of different blending ratios, the research looks
at metrics such carbon monoxide (CO) emissions, brake power (BP), brake specific fuel consumption (BSFC), and brake
thermal efficiency (BTE). Blends of gasoline and ethanol with a 15% ethanol content greatly increase engine thermal efficiency
at higher engine speeds. E12 mixes of gasoline and ethanol boost engine braking power while lowering CO emissions and break-
specific fuel usage. Blends of gasoline with ten to fifteen percent ethanol present a possible substitute.
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L. INTRODUCTION

Transportation has become an absolute necessity in the twenty-first century, and meeting this demand necessitates the availability of
appropriate transportation fuel. Until now, there has been an excessive usage of petrol or diesel for transportation, resulting in the
world's current energy crisis. Furthermore, the use of fossil fuels in SI engines has significantly increased atmospheric pollution.
The major pollutants released as vehicle/fuel emissions are carbon monoxide (CO), nitrogen oxides (NOXx), photochemical oxidants,
air toxics, namely benzene (C6H6), aldehydes, 1, 3 butadiene (C4H6), lead (Pb), particulate matter (PM), hydrocarbon (HC),
sulphur oxides (SO2), and polycyclic aromatic hydrocarbons (PAHS). So, to reduce pollution, energy crises, and also to avoid the
use of fossil fuels, the hunt for alternative.

Hamza Afser Delvi. [1] The study aims to investigate the performance, combustion, and emission characteristics of E25, E30, and
E35 ethanol-gasoline blends on a single-cylinder, four-stroke spark ignition engine. Using an eddy current dynamometer and
exhaust gas analyser, tests were conducted under various load, engine speed, and compression ratio conditions. Results showed
improved engine performance, with E25 consuming less fuel than other blends at maximum speed (BSFC of 0.32 kg/kW-hr) and
increased thermal break efficiency compared to gasoline (maximum BTE of 27.87% for E35 blend). Mrs. Rana Ali Hussein [2] The
study investigates the impact of ethanol (E10 to E30) and methanol (M10 to M30) additives to gasoline on a one-cylinder, four-
stroke, 11 kW IC engine's combustion characteristics and performance. Tests covered brake torque, power, thermal efficiency, fuel
consumption, and flue gas analysis (CO, HC, CO2) at engine speeds from 1,500 to 3,000 RPM. Results favoured E10, showing
improved thermal performance and reduced HC and CO with higher ethanol content, while methanol-gasoline blends performed
less favourably than ethanol-gasoline blends. Mortadha K. Mohammed [4] The study found that increasing ethanol concentration
improved power, brake specific fuel consumption, and thermal efficiency but reduced volumetric efficiency. Ethanol also reduced
harmful exhaust gases, with higher ethanol content leading to fewer emissions. Additionally, ethanol blends had higher research
octane number and motor octane number, despite a lower heating value compared to pure gasoline, enhancing overall engine
performance. Abdul Manan Khan [6] an experimental investigation was conducted on a spark-ignited single-cylinder engine using
various ethanol-gasoline blends (E-0 to E-14). A CAD model was used to prepare a test bench, and an experimental setup with
additional devices was created. Analysis of gasoline outcomes identified optimal operating conditions. Cost-economic analysis
showed that the running cost of E10 ethanol-gasoline blend is lower than high-octane gasoline. Kamble A. G [7] an experiment
evaluated ethanol-petrol blends (E5, E8, E10, and E12) on a spark-ignited engine, recording performance variables. Two decision-
making methods ranked the blends, with E10 ranked highest, followed by E5, and E8 and E12 ranked lower. O. C. Nwufo [8] A
study on a spark ignition engine using ethanol-petrol blends, including ethanol from raffia trunks, showed improved combustion,
reduced emissions, and enhanced engine performance.
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Ethanol blends were deemed suitable alternatives for spark ignition engines. Balappa Hadagali [9] Experimental investigations
explored the feasibility of ethanol-petrol blends in a single cylinder diesel engine converted to spark ignition mode. Results showed
lower CO, HC, and NOx emissions with ethanol blends. E75 blend exhibited improved engine performance with increased brake
thermal efficiency and reduced emissions.

Venktesh Kumar [10] A feasibility study assessed the impact of unleaded fuel blends on engine performance using a four-stroke,
single-cylinder, water-cooled multi-fuel engine with carburetor fuel injection. Six ethanol blends were tested, with E20 showing the
best results in terms of brake power, torque, thermal efficiencies, and fuel consumption. Ahmed Abdelrazik Elshenawy [11]
Researchers are exploring gasoline and ethanol blends in spark ignition engines to reduce fuel consumption and emissions. Using a
MATLAB model, they found that ethanol blending up to 20% (E20) improved thermal efficiency by 3% and reduced specific fuel
consumption by 7.2% compared to gasoline. Output power increased with ethanol blends, and emissions decreased significantly,
demonstrating the potential of ethanol blending to enhance gasoline engine performance and reduce emissions. Sahil [12] The study
investigates ethanol blends with gasoline as an alternative fuel in a spark ignition engine, focusing on engine performance
improvement and exhaust emissions reduction. Parameters such as BHP, total fuel consumption, brake thermal efficiency, air-fuel
ratio, volumetric efficiency, heat balance, and emissions are analyzed for E10, E20, and gasoline blends at loads of 2kg, 5kg, and
10kg.

Hyder H. Balla [13] A study on a one-cylinder, four-stroke spark ignition engine showed that increasing ethanol concentration
improved power, efficiency, and reduced harmful exhaust gases, except for carbon monoxide where 30% ethanol was optimal.
Ethanol blends had higher octane numbers despite a higher lower heating value for pure gasoline. Paolo lodice [14] Ethanol can be
used as an alternative fuel in spark-ignition engines to increase octane number and oxygen content in blends, reducing fossil fuel
dependence and emissions. The study reviews ethanol's impact on combustion efficiency, exhaust emissions, and NOx formation in
Sl engines, considering ethanol production, physicochemical properties, and engine parameters. Nazrul Atan [15] The review paper
focuses on ethanol-petrol blends in gasoline engines to reduce CO2 emissions and improve performance. It includes an investigation
of different ethanol types (sugar cane, wheat, corn) and blending ratios, aiming to provide insights into engine efficiency and
emissions reduction.

1. EXPERIMENTAL SETUP AND PROCEDURES
The experimental setup consisted of a single-cylinder Sl engine, an electric dynamometer, a fuel measurement system, a gas
analyser, combustion analysis equipment, a dynamometer control unit, a shaft, and an exhaust pipe. The tests were carried out at
various engine speeds, ranging from 500 to 7500 RPM based on their requirements.
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Figure 1 Schematic diagram of the experimental set-up [23]
(1) Engine, (2) Dynamometer, (3) Fuel measurement system (4) Gas analyser
(5) Dynamometer control unit, (6) Shaft (7) Exhaust pipe

Test Method: Four stroke four cylinder carburettor type spark ignition engine is coupled to dynamometer. With the help of
connection and mounted to a rigid frame with provision to monitor speed, fuel evaluation tube, and a gas analyser that can measure
five gases viz. CO, CO,, NOy, HC, and O, (NETEL) for measuring the tail pipe emissions.
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The engine may warm up for the period of 20 to 30 minutes, prior to actual testing. Before starting the engine with a new fuel blend,
it was allowed to run long enough to consume the residual fuel from the previous experiment. All mixtures were tested at steady
speeds. The engine load was calculated using the dynamometer control. Engine speed, fuel consumption, load, and emissions were
measured. After the engine reached a stable functioning condition (stationary state), an exhaust gas analyser was used to record
emission parameters such as CO, CO,, HC, and NO,.

1. RESULT AND DISCUSSION
The study examines engine speed's impact on Brake specific fuel consumption. From figure 2 The BSFC increases with higher
ethanol percentage in the gasoline blend due to increased power production at higher speeds. However, BSFC decreases as engine
speed increases for all blends, with the E25 blend showing the most reduction at 1800 rpm. On the other hand, BTE increases with
engine speed for all blends, reaching a maximum at 1800 rpm, with the E35 blend showing the highest BTE at 27.87%.
BSFC decreases with higher ethanol proportions in ethanol-gasoline blends, showing significant differences compared to pure
gasoline. Similarly, BSFC increases with higher methanol ratios in methanol-gasoline blends. Engine speed has an impact, with
BSFC generally decreasing as speed increases, possibly due to improved thermal efficiency.
The study's findings highlight the intricate relationship between engine speed, ethanol percentage in gasoline blends, and brake
specific fuel consumption (BSFC). The observed increase in BSFC with higher ethanol percentages in gasoline blends is attributed
to the enhanced power production at higher engine speeds. However, a notable trend emerges as engine speed increases, leading to a
reduction in BSFC across all blends, with the E25 blend demonstrating the most significant decrease at 1800 rpm. Conversely, brake
thermal efficiency (BTE) shows an opposite trend with engine speed, increasing as speed rises for all blends and peaking at 1800
rpm. The E35 blend stands out with the highest BTE at 27.87%, indicating its efficiency under these conditions.
These findings underscore the impact of ethanol proportions in gasoline blends on engine performance parameters. The study also
suggests that higher ethanol proportions contribute to lower BSFC, especially when compared to pure gasoline. Additionally, the
influence of engine speed on BSFC highlights the role of improved thermal efficiency at higher speeds, further emphasizing the
complexity of optimizing fuel blends for enhanced engine performance.

SPEEED VS BSFC
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Figure 2 Speed vs. Bsfc

Figure 3 indicates that adding methanol to gasoline boosts brake thermal efficiency (BTE), Brake thermal efficiency (BTE)
measures how efficiently an engine converts input energy into output power. Figure 3(a) shows that as engine speed increases, BTE
also increases for all blends, peaking at 1800 rpm. The highest BTE recorded was 27.87% for the E35 blend. Compared to gasoline,
BTE at 1800 rpm improved by 2.32%, 10.93%, and 19.92% for E25, E30, and E35 blends, respectively. Demonstrate how brake
thermal efficiency (BTE) changes with different fuel blends and engine speeds. BTE increases with ethanol blends compared to pure
gasoline, especially at higher speeds. On the other hand, methanol blends show a decrease in BTE compared to gasoline due to
reduced latent heat in the fuel mixture with higher ethanol percentages. Therefore, E10 has better BTE than E20 and E30 blends.
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The analysis of Figure 3 reveals crucial insights into the impact of fuel blends and engine speed on brake thermal efficiency (BTE).
The data indicates that adding methanol to gasoline can indeed enhance BTE, which measures how effectively an engine converts
input energy into output power. Specifically, as engine speed increases, BTE also increases across all blends, reaching its peak at
1800 rpm. The highest BTE recorded in the study was 27.87% for the E35 blend. Comparing these blends to pure gasoline,
significant improvements in BTE were observed, with E25, E30, and E35 blends showing enhancements of 2.32%, 10.93%, and
19.92%, respectively, at 1800 rpm.Ethanol blends demonstrated higher BTE compared to pure gasoline, especially at higher engine
speeds. This improvement can be attributed to the characteristics of ethanol, such as its higher octane rating and oxygen content,
leading to more efficient combustion. In contrast, methanol blends exhibited a decrease in BTE compared to gasoline, primarily due
to the reduced latent heat in the fuel mixture as ethanol percentages increased. This finding highlights the importance of the specific
ethanol blend ratio, with E10 showing better BTE than E20 and E30 blends, emphasizing the need for careful consideration when
blending fuels for optimal engine performance.

SPEED VS BTE
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Figure 3 Speed vs. Break Thermal Efficiency

Figure 4 indicates that adding methanol to gasoline. The CO emission decreases as the ethanol percentage in the fuel blend
increases, indicating more complete combustion. At 1800 rpm, CO concentrations were reduced by 11.11%, 25.92%, and 40.74%
using E25, E30, and E35 blends compared to gasoline, respectively. This reduction is due to ethanol's lower carbon content
compared to gasoline. At a compression ratio (C.R) of 9:1, CO concentration increases, but it decreases at a C.R of 10:1 with
increasing ethanol percentage in gasoline. At a C.R of 10:1, CO concentrations using E25, E30, and E35 were reduced by 8.82%,
16.66%, and 28.43%, respectively, compared to gasoline.

The analysis from Figure 4 highlights the impact of adding methanol to gasoline on CO emissions in the fuel blend. As the ethanol
percentage increases, there is a notable decrease in CO emissions, indicating more efficient and complete combustion. This
reduction in CO concentrations is significant, with reductions of 11.11%, 25.92%, and 40.74% observed at 1800 rpm using E25,
E30, and E35 blends, respectively, compared to gasoline. The lower carbon content in ethanol plays a key role in this reduction, as
ethanol burns cleaner than gasoline.

Additionally, the effect of compression ratio (C.R) on CO emissions is evident. At a C.R of 9:1, CO concentration increases, likely
due to the higher pressure leading to incomplete combustion. However, at a C.R of 10:1, CO concentrations decrease with the
increase in ethanol percentage in gasoline. Specifically, using E25, E30, and E35 blends at a C.R of 10:1 resulted in reductions of
8.82%, 16.66%, and 28.43% in CO emissions, respectively, compared to gasoline.

Overall, these findings demonstrate that blending methanol with gasoline can lead to reduced CO emissions, especially at higher
ethanol percentages and specific compression ratios. This indicates the potential for cleaner and more efficient combustion in
engines using ethanol-gasoline blends.
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Figure 4 Speed vs. CO Emission

(AVA CONCLUSION

Here are the summarized conclusions from the analysis:

1)
2)

3)
4)

5)

(1]

(2]
(3]

(4]
(5]
(6]
(7]

(8]
(9]

[10]
[11]

Ethanol-gasoline blends improve engine performance without engine modifications.

Brake specific fuel consumption decreases with engine speed but is higher for Gasohol blends compared to gasoline, with E30
consuming the most fuel at maximum speed and E25 the least.

Brake thermal efficiency increases with ethanol proportion, with E35 offering the highest efficiency at 1800 rpm. E25 has
lower efficiency at maximum speed but all blends show improvement over gasoline.

CO and HC emissions decrease significantly with ethanol addition, while CO2 emissions increase due to improved combustion
efficiency.

Ethanol-gasoline blends reduce flue gas emissions (CO, CO2, HC, NOx), with E10 recommended for future use to enhance
engine performance and reduce emissions.
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