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Abstract

The increasing demand for alternative fuels has driven research on fuel blends to improve engine
performance and reduce harmful emissions. This study investigates the effect of different fuel blends
(FO, F10, F20, and F30) on Brake Specific Fuel Consumption (BSFC), Brake Thermal Efficiency
(BTE), and emissions, including Hydrocarbons (HC), Carbon Monoxide (CO), and Nitrogen Oxides
(NOX). The results show a significant reduction in BSFC, from 245 g/kWh at FO to 200 g/kWh at F30,
indicating enhanced fuel efficiency. Additionally, BTE increased from 24% at FO to 30% at F30,
suggesting improved energy conversion efficiency. Regarding emissions, HC emissions exhibited a
declining trend with increased fuel blend ratios, demonstrating more complete combustion. CO
emissions showed a slight increase at higher blend levels, requiring further optimization. Meanwhile,
CO and NOx emissions decreased significantly, with CO levels dropping from 0.33% at FO to 0.18%
at F30, and NOx emissions reducing from 100 ppm at FO to 65 ppm at F30. These findings confirm that
optimized fuel blends can enhance engine performance while minimizing environmental impact. The
study provides a comprehensive evaluation of fuel blend effects and highlights the potential of blended
fuels as a sustainable alternative. Future research should focus on refining blend compositions to
maximize efficiency and minimize emissions under varying engine conditions.
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1. Introduction

The increasing demand for sustainable and efficient energy sources has led to extensive research on
alternative fuel blends to optimize engine performance while minimizing harmful emissions.
Conventional fossil fuels, although widely used, contribute significantly to environmental pollution
through the release of carbon monoxide (CO), nitrogen oxides (NOx), and unburned hydrocarbons
(HC). To address these concerns, researchers have explored fuel blending techniques incorporating bio-
based components to improve combustion characteristics and reduce pollutant emissions [1-4]. Fuel
blends, particularly those incorporating biomass-based additives, have been found to influence critical
engine performance parameters such as Brake Specific Fuel Consumption (BSFC) and Brake Thermal
Efficiency (BTE). Studies have shown that increasing the proportion of blended fuels enhances thermal
efficiency while reducing fuel consumption per unit of power output. This is attributed to the improved
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oxygenation properties of biofuels, which promote better combustion and energy conversion efficiency
[5-8].

Emissions analysis is a key aspect of evaluating the feasibility of fuel blends in internal combustion
engines. Recent studies indicate that CO emissions tend to decrease with higher fuel blend percentages
due to more complete combustion. However, the impact on NOx emissions varies depending on
combustion conditions, with some studies reporting a reduction in NOx levels due to lower flame
temperatures and altered combustion dynamics [9-12]. Hydrocarbon (HC) emissions, which result from
incomplete fuel combustion, also show a declining trend with increasing fuel blend ratios. The reduction
in HC emissions suggests that blended fuels promote more efficient oxidation, aligning with findings
from [13], which highlight the role of oxygenated fuels in reducing unburned hydrocarbons. However,
an increase in CO emissions at higher blend ratios has been observed in some cases, necessitating further
research to optimize the blend composition for balanced emission control.

In addition to emission benefits, fuel blends influence engine efficiency metrics such as BSFC and BTE.
The decline in BSFC with higher fuel blends demonstrates improved combustion efficiency, while the
rising BTE values indicate a more effective energy conversion process. These findings are consistent
with previous research, emphasizing the potential of fuel blends to enhance overall engine performance
without compromising fuel economy [14-16]. Given the promising results of fuel blending techniques,
further investigations are required to optimize blend formulations for specific engine configurations and
operating conditions. The ongoing research in this field aims to develop fuel alternatives that not only
meet regulatory emission standards but also contribute to energy sustainability and efficiency. This
study provides an in-depth analysis of the effects of fuel blends on engine performance and emissions,
contributing valuable insights for future advancements in alternative fuel technologies.

2.  Methodology

Figure 1 presents a schematic diagram of an engine testing system utilizing fuel blends, controlled
through a room control system. The system comprises several key components, including a fuel tank
that supplies fuel through a fuel pump and a fuel return valve to regulate the fuel flow. The fuel blends
are preheated using a heat exchanger before entering the engine. Inside the engine, there are four
combustion chambers (C1, C2, C3, and C4), which are connected to a crank angle encoder to measure
the crankshaft angle during the combustion cycle.
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Figure 1: Schematic Diagram
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The system is also equipped with an in-cylinder pressure sensor to monitor pressure variations within
the combustion chamber. The exhaust gases produced during combustion are analyzed using an exhaust
gas analyzer to evaluate the emissions generated by the fuel blends. To monitor and control engine
performance, the system is integrated with an engine dynamometer, which measures power output and
engine efficiency during testing. All acquired data is collected through an engine data acquisition
system and managed by a control dynamometer, ensuring precise monitoring and controlled testing
conditions. This schematic provides a comprehensive overview of how fuel blends are tested under
controlled conditions to assess engine performance and emissions.

Figure 2 illustrates the experimental engine setup used for performance and emission analysis under
controlled conditions. The setup includes a dynamometer, which measures engine power and torque
while providing a controlled load for testing. The engine is equipped with an in-cylinder pressure sensor
to monitor combustion characteristics and an encoder to measure the crankshaft angle. A turbocharger
is integrated to enhance engine efficiency by increasing air intake pressure, while an intercooler is used
to cool the compressed air before entering the engine, improving combustion efficiency. The throttle
position controller regulates the air-fuel mixture entering the engine, ensuring precise testing conditions.
Additionally, a gas analyzer probe is positioned to collect exhaust gases for emission analysis. The
engine and dynamometer cooling system is in place to maintain optimal operating temperatures during
testing. This experimental setup provides a controlled environment to evaluate the effects of different
fuel blends on engine performance, efficiency, and emissions.

Engine and
dynamometer cooling

Dynamometer

In-cylinder
pressure

Figure 2: Enine Setup

Table 1 provides detailed specifications of the engine used in the experimental setup. The engine is a
Mitsubishi 4G93 SOHC, a four-cylinder engine with a compression ratio of 9.5:1, where the first
cylinder is instrumented for in-depth analysis. It utilizes an MCI-Multi (Electronically Controlled
Multi-Point) fuel injection system, which enhances fuel distribution and combustion efficiency. The
engine produces a maximum power of 86 kW at 5500 rpm and a maximum torque of 161 Nm at 4500
rpm, indicating its capability to deliver high performance under varying load conditions. The bore and
stroke dimensions are 81.0 mm x 89.0 mm, contributing to efficient fuel combustion and engine
operation. Additionally, the piston displacement is 1.834 L, which defines the total volume displaced
by all the pistons in a complete cycle, affecting power output and fuel efficiency. These specifications
highlight the engine's suitability for performance and emission testing, especially when evaluating the
impact of different fuel blends on combustion characteristics.

Table 1: Engine and Specifications

Properties Descriptions Engine
Engine type Mitsubishi 4G93 SOHC
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Properties Descriptions Engine
Compression Ratio 9.5:1
Number of cylinder 4 (1* cylinder is instrumented)
Fuel injection type MCI-Multi (Electronically Controlled Multi-pint) fuel
injection
Max power 86 kw@5500 rpm
Max torque 161 nm@4500 rpm
Bore stroke 81.0 mm x 89.0mm
Piston displacement 1.834 L

3.  Results and Discussions

Based on Figure 3, the graph shows a comparison of hydrocarbon (HC) and carbon monoxide (CO)
emissions in various fuel mixtures (FO, F10, F20, and F30). The observed trend shows that HC
emissions (measured in ppm) decrease as the percentage of fuel mixture increases, from around 120
ppm in FO to less than 100 ppm in F30. In contrast, CO emissions (in percent) increase from around
0.28% in FO to more than 0.42% in F30. This indicates that the addition of blended fuel tends to reduce
HC emissions but increases CO emissions. This finding is in line with previous research, which stated
that the use of biomass-based blended fuels can reduce incomplete combustion that produces HC but
increases partial reactions that cause higher CO production [17-20]. In addition, the pattern of
decreasing HC emissions indicates that blended fuels can increase combustion efficiency, reducing
unburned fuel residue. This is in line with the study, which found that agricultural waste-based fuel
blends can enhance hydrocarbon oxidation during combustion [21-24]. However, the increase in CO
emissions indicates that the fuel blend produces more carbon monoxide, possibly due to suboptimal
combustion conditions or higher oxygen content in the fuel. These results are important for considering
fuel blend optimization strategies to minimize harmful emissions without sacrificing combustion
efficiency.
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Figure 3: Comparison of HC and CO Emissions at Different Fuel Blends

Figure 4 illustrates the variation in Brake Specific Fuel Consumption (BSFC) and Brake Thermal
Efficiency (BTE) across different fuel blends (FO, F10, F20, and F30). The trend shows that BSFC,
measured in g/kWh, decreases as the fuel blend percentage increases, from approximately 245 g/kwWh
at FO to around 200 g/kWh at F30. Conversely, BTE, represented in percentage, increases with higher
fuel blends, rising from about 24% at FO to nearly 30% at F30. The decrease in BSFC indicates that the
fuel blend improves combustion efficiency, leading to lower fuel consumption for the same power
output. This result is consistent with the findings, which observed that biomass-based fuel blends
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enhance combustion due to better oxygenation properties, reducing fuel demand per unit of energy
output [25-28].

Moreover, the increasing trend in BTE suggests that blended fuels contribute to improved energy
conversion efficiency in the engine. The highest BTE observed at F30 (around 30%) indicates that the
fuel blend optimizes the combustion process, likely due to better atomization and improved air-fuel
mixing. This finding aligns with research that demonstrated that biofuel blends tend to increase thermal
efficiency by enhancing combustion characteristics and reducing heat loss [29—-32]. However, while the
increase in BTE is beneficial, it is crucial to ensure that fuel blends do not compromise engine durability
and emission characteristics. These findings highlight the potential of fuel blends in optimizing engine
performance while maintaining fuel economy.
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Figure 4: Variation of BSFC and BTE with Different Fuel Blends

Figure 5 presents the effect of fuel blends on carbon monoxide (CO) and nitrogen oxides (NOX)
emissions at different blend levels (FO, F10, F20, and F30). The observed trend indicates that both CO
and NOx emissions decrease as the percentage of fuel blend increases. CO emissions, measured in
percentage, decline from approximately 0.33% at FO to about 0.18% at F30. Similarly, NOx emissions,
measured in ppm, drop from around 100 ppm at FO to nearly 65 ppm at F30. The reduction in CO
emissions suggests that fuel blends promote more complete combustion, reducing the formation of
partially oxidized carbon compounds. This finding aligns with the study, which demonstrated that
biofuel blends improve oxygen availability in the combustion process, leading to lower CO emissions
[33-36].

Furthermore, the decrease in NOx emissions can be attributed to lower combustion temperatures
resulting from the use of blended fuels. Since NOx formation is highly temperature-dependent, the
presence of bio-components in fuel blends may reduce peak combustion temperatures, thus minimizing
NOXx production. This trend is consistent with the findings, which reported that increasing the proportion
of biomass-based fuels in blends reduces NOx formation due to lower flame temperatures and slower
combustion rates [37-39]. However, while the reduction of NOx and CO emissions is beneficial for
environmental sustainability, further optimization is necessary to balance emissions control with engine
performance efficiency.
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Figure 5: Effect of Fuel Blends on CO and NOx Emissions

This study provides a novel contribution by systematically analyzing the relationship between different
fuel blend ratios and their impacts on engine efficiency and emissions. Unlike previous studies that
focused on single emission components, this research offers a comprehensive evaluation of BSFC, BTE,
HC, CO, and NOx emissions in an integrated manner. The findings highlight that an optimal blend ratio
can enhance combustion efficiency while mitigating harmful emissions, supporting the potential of
blended fuels as a viable alternative for conventional fossil fuels. Additionally, this research builds upon
existing literature by demonstrating a clear trade-off between emission reduction and performance
optimization. The observed decrease in BSFC and increase in BTE suggest that fuel blends can improve
energy utilization, while the reduction in NOx and CO emissions underscores their environmental
benefits. These results provide valuable insights for future studies and industry applications,
contributing to the development of cleaner and more efficient fuel alternatives for internal combustion
engines.

4. Conclusion

Based on the findings, fuel blends have demonstrated significant potential in enhancing engine
performance while reducing harmful emissions. The study showed that Brake Specific Fuel
Consumption (BSFC) decreased from approximately 245 g/kWh at FO to 200 g/kWh at F30, indicating
improved fuel efficiency. Simultaneously, Brake Thermal Efficiency (BTE) increased from around 24%
at FO to nearly 30% at F30, confirming enhanced energy conversion efficiency. These results align with
previous research, highlighting the beneficial impact of biofuel blends on combustion performance. In
terms of emissions, hydrocarbon (HC) emissions decreased with higher fuel blend ratios, suggesting
more complete combustion. However, CO emissions showed a slight increase at higher blend levels,
which requires further optimization. Meanwhile, CO and NOx emissions both exhibited a declining
trend, with CO reducing from 0.33% at FO to 0.18% at F30 and NOx decreasing from 100 ppm at FO to
65 ppm at F30. These findings suggest that fuel blends contribute to lower environmental pollution
while maintaining efficient engine performance. Future research should focus on optimizing blend
formulations to achieve the best balance between performance enhancement and emission reduction,
ensuring sustainable and efficient fuel utilization.
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