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Abstract 

This research paper explores the potential of hydrogen as a supplemental fuel in diesel 
engines, focusing on its effectiveness in reducing particulate matter (PM) emissions. The 
study involves experimental investigations in a controlled environment, where a diesel engine 
is modified to incorporate hydrogen injection. The impact of hydrogen on combustion 
characteristics, fuel efficiency, and emission profiles is analyzed. Results demonstrate that the 
addition of hydrogen significantly reduces PM emissions while enhancing thermal efficiency. 
This paper aims to provide a comprehensive understanding of the mechanisms by which 
hydrogen influences particulate emissions and contribute to cleaner diesel engine 
technologies. 

1. Introduction 

1.1 Background 

Diesel engines are widely used in various applications due to their high efficiency and 
durability. However, they are significant contributors to air pollution, particularly in terms of 
particulate matter (PM) emissions. PM is a complex mixture of substances, including soot, 
metals, and other organic compounds, which pose serious health risks and contribute to 
environmental degradation. Recent studies have shown that hydrogen, a clean-burning fuel, 
can potentially mitigate these emissions when used in conjunction with diesel fuel. 

1.2 Objectives 

The primary objective of this research is to experimentally investigate the role of hydrogen in 
reducing PM emissions in diesel engines. Specific objectives include: 

1. To analyze the combustion characteristics of a hydrogen-diesel dual-fuel engine. 

2. To quantify the reduction in PM emissions with varying levels of hydrogen 

substitution. 

3. To evaluate the overall impact on thermal efficiency and fuel consumption. 
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1.3 Significance 

Understanding the effects of hydrogen on PM emissions is crucial for developing cleaner 
diesel engine technologies. This research aims to contribute to the existing body of 
knowledge and provide insights into practical applications for reducing emissions in the 
transportation sector. 

2. Literature Review 

2.1 Diesel Engine Emissions 

Diesel engines emit a range of pollutants, including nitrogen oxides (NOx), carbon monoxide 
(CO), hydrocarbons (HC), and particulate matter (PM). PM emissions are particularly 
concerning due to their adverse health effects, which include respiratory diseases and 
cardiovascular issues (García et al., 2019). 

2.2 Hydrogen as a Fuel 

Hydrogen is recognized as a promising alternative fuel due to its high energy content and 
clean combustion characteristics. When burned, hydrogen primarily produces water vapor, 
significantly reducing harmful emissions. Research has shown that hydrogen can enhance the 
combustion process in diesel engines, leading to improved efficiency and lower PM 
emissions (Wang et al., 2020). 

2.3 Hydrogen-Diesel Dual Fuel Operation 

The use of hydrogen in diesel engines typically involves dual-fuel operation, where hydrogen 
is injected alongside diesel. This strategy allows for the benefits of hydrogen's clean 
combustion while maintaining the diesel engine's operational characteristics. Studies have 
indicated that hydrogen can help reduce soot formation during combustion, thereby lowering 
PM emissions (Ghorbani et al., 2021). 

2.4 Previous Investigations 

Several studies have investigated the effects of hydrogen on diesel engine performance and 
emissions. For instance, Bicer et al. (2017) found that adding hydrogen to diesel fuel 
significantly reduced PM emissions, while Zhao et al. (2020) highlighted improvements in 
combustion efficiency. However, further experimental investigations are needed to quantify 
these effects under various operating conditions. 
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3. Methodology 

3.1 Experimental Setup 

The experimental setup consists of a modified single-cylinder diesel engine equipped with a 
hydrogen injection system. Key components include: 

 Engine Specifications: The engine is a four-stroke, water-cooled diesel engine with a 
displacement of 0.5 liters. 

 Hydrogen Injection System: A gas supply system is used to inject hydrogen into the 
intake manifold. 

 Measurement Instruments: Emission measurements are conducted using a Fourier-
transform infrared (FTIR) spectrometer and a particulate matter measurement system. 

3.2 Test Conditions 

The experiments are conducted under varying conditions, including different hydrogen 
substitution rates (0%, 5%, 10%, and 15%) at different engine loads (25%, 50%, and 75%). 
Each test is performed under steady-state conditions to ensure repeatability. 

3.3 Data Collection and Analysis 

Data collected includes: 

 Combustion parameters (pressure, temperature, heat release rate). 
 Emission concentrations of PM, NOx, CO, and unburned hydrocarbons. 
 Fuel consumption measurements. 

The collected data are analyzed statistically to determine the impact of hydrogen on engine 
performance and emissions. 

4. Results and Discussion 

4.1 Combustion Characteristics 

The addition of hydrogen to the diesel fuel significantly alters the combustion process. As 
hydrogen substitution increases, peak cylinder pressure and temperature rise, resulting in 
faster combustion rates. This is attributed to hydrogen's high diffusivity and combustion 
speed (Figure 1). 

4.2 Particulate Matter Emissions 

Figure 2 illustrates the reduction in PM emissions with increasing hydrogen substitution. At 
15% hydrogen, PM emissions decrease by up to 50% compared to pure diesel operation. This 
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reduction can be linked to the enhanced combustion efficiency and reduced soot formation 
due to hydrogen's cleaner combustion properties. 

 

4.3 Thermal Efficiency 

Thermal efficiency improves with hydrogen substitution, primarily due to better combustion 
characteristics. As shown in Table 1, the thermal efficiency increases by 5% to 10% when 
hydrogen is added, with the highest efficiency observed at a hydrogen substitution rate of 
10%. 

4.4 Emission Profiles 

In addition to PM, other emissions such as NOx and CO also show significant changes. 
While NOx emissions slightly increase with hydrogen addition, CO emissions decrease, 
indicating a more complete combustion process (Figure 3). 

5. Conclusion 

The experimental investigation demonstrates that hydrogen plays a crucial role in reducing 
particulate matter emissions in diesel engines. By optimizing hydrogen injection rates, it is 
possible to achieve significant reductions in PM emissions while enhancing thermal 
efficiency. These findings have important implications for the development of cleaner diesel 
engine technologies, paving the way for more sustainable transportation solutions. 
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