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Abstract: As the transition to electric 

vehicles gains momentum, diesel engines 

continue to play a vital role in commercial 

transportation due to their superior thermal 

efficiency and torque output. However, 

diesel engines generate particulate matter 

(PM) emissions, posing environmental and 

health concerns. Diesel particulate filters 

(DPFs) are commonly employed to reduce 

PM emissions, but as PM accumulates, it 

increases backpressure, reducing engine 

efficiency. To counteract this, 

regeneration—an oxidation process to 

remove PM—is periodically required. 

Since diesel exhaust temperatures typically 

range from 100 to 500°C, effective catalysts 

that enable PM oxidation at lower 

temperatures are necessary. This study 

develops a computational model to simulate 

PM deposition and oxidation within a DPF, 

allowing flexible modification of catalyst 

properties for enhanced efficiency. Through 

numerical simulations, we assess PM 

oxidation behavior and its impact on filter 

performance, contributing to the 

optimization of DPF designs. Additionally, 

visualizations, including schematic 

diagrams and graphs, provide insights into 

the impact of catalyst properties on PM 

oxidation and pressure drop trends. 

1. Introduction: Diesel engines remain 

indispensable in transportation, offering 

high fuel efficiency and torque. However, 

compared to gasoline engines, diesel 

engines emit significant amounts of 

nitrogen oxides (NOx) and PM, 

contributing to air pollution and respiratory 

illnesses. In response, regulatory bodies 

worldwide have imposed stringent 

emissions standards, necessitating 

advancements in PM reduction 

technologies. 

DPFs, typically composed of porous 

ceramic materials such as silicon carbide or 

cordierite, are widely used to capture PM. 

These filters function through a 

honeycomb-like structure that allows 

exhaust gases to pass while trapping PM on 

the filter walls. Over time, the accumulation 

of PM increases resistance to exhaust flow, 

necessitating periodic regeneration. PM 

oxidation generally occurs at 

approximately 650°C, but diesel exhaust 

temperatures are often lower, requiring 

additional fuel consumption to raise 

temperatures. To improve efficiency, 

catalysts that promote low-temperature PM 

oxidation are essential. 

2. Literature Review: Several studies have 

addressed the complexities involved in 

particulate matter (PM) emissions and the 

efficiency of diesel particulate filters 

(DPFs). Researchers have focused on 

filtration mechanisms, catalyst 

development, thermal behavior, and 

regeneration strategies. 

2.1. Filtration Mechanism and DPF 

Design: Guan et al. (2018) examined flow 

dynamics in wall-flow DPFs, showing how 

channel geometry affects PM deposition 
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and filter efficiency. Their findings 

highlighted that wall porosity and inlet 

channel design significantly influence the 

uniformity of PM loading, which directly 

impacts pressure drop. 

2.2. Catalyst-Assisted Regeneration: 

Park et al. (2019) explored the use of ceria-

based catalysts to promote soot oxidation at 

lower temperatures. Their work 

demonstrated that introducing oxygen 

storage materials into the catalyst layer 

enables PM combustion to initiate around 

400–450°C, reducing fuel penalties during 

regeneration. 

2.3. Thermal and Oxidation Kinetics: 

Zheng and Lee (2020) presented a detailed 

kinetic model for soot oxidation, 

incorporating parameters such as activation 

energy, surface area, and temperature. They 

found that the oxidation process is 

governed not only by temperature but also 

by the reactivity of deposited soot, which 

can vary based on engine operating 

conditions. 

2.4. Computational Modeling 

Approaches: Numerical simulations by 

Banerjee and Kim (2021) provided insights 

into the transient behavior of PM deposition 

and oxidation in catalytic DPFs. Their 

model accounted for coupled mass, 

momentum, and energy transport equations 

and validated results against experimental 

data for pressure drop and regeneration. 

2.5. Influence of Operating Conditions: 

Studies by Singh et al. (2022) indicated that 

PM oxidation efficiency is highly 

dependent on exhaust gas composition and 

temperature. Higher NO2 concentrations in 

the exhaust significantly accelerated PM 

oxidation, offering an alternative to thermal 

regeneration strategies. 

These studies collectively underscore the 

importance of optimized catalyst selection, 

controlled regeneration, and effective filter 

design in improving DPF performance. 

Building upon this foundation, the present 

work introduces a flexible computational 

model that integrates these concepts and 

offers visual validation through schematic 

representation and simulation data. 

2. Computational Model for PM Capture 

and Oxidation: 

2.1. PM Deposition and Filtration 

Mechanism: The numerical model 

developed in this study simulates PM 

trapping and oxidation within a DPF. The 

filter comprises alternating sealed and open 

channels, directing exhaust flow through 

porous walls where PM is captured. PM 

primarily accumulates within the first few 

tens of micrometers from the filter surface, 

with deposition patterns influenced by 

exhaust flow dynamics. The schematic 

diagram below illustrates the internal 

structure and filtration mechanism of the 

DPF: 

2.2. Pressure Drop and Regeneration 

Process: As PM builds up, it restricts 

airflow, increasing engine load. To restore 

filter efficiency, PM is oxidized in a process 

known as regeneration. This study models 

the interplay between PM accumulation and 

backpressure, analyzing how different 

catalyst formulations impact oxidation 

efficiency. The model accounts for two key 

oxidation pathways: direct PM-catalyst 

interaction (solid-state reaction) and 

oxidation via gaseous-phase oxygen. 

The pressure drop behavior under different 

PM deposition levels and temperatures is 

shown in the following graph: 

2.3. Heat Transfer Considerations: The 

computational model incorporates thermal 

properties, assuming uniform gas and PM 

temperatures. It evaluates heat capacity, 

thermal conductivity, and energy release 

during PM oxidation. Experimental data on 
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catalyst efficiency is integrated to refine 

temperature-dependent oxidation rates. 

The heat capacity, , is determined using: 

where is the specific heat of cordierite, is 

the volume, is the density of cordierite, is 

the wall transmittance, is the gas passage, 

and is the specific heat of exhaust gas. 

PM reaction rate per unit time is given by: 

where is the frequency factor, is the 

activation energy, is the gas constant, is 

absolute temperature, is oxygen 

concentration, and is the particulate matter. 

3. Results and Discussion: 

3.1. Impact of Catalyst Properties on PM 

Oxidation: Simulation results highlight 

that catalysts with lower activation energy 

facilitate PM oxidation at reduced 

temperatures, improving fuel efficiency. 

When PM accumulation is low, catalysts 

enhance oxidation significantly. However, 

at higher PM loads, gas-phase reactions 

dominate, requiring elevated temperatures 

for effective combustion. 

The relationship between PM oxidation 

efficiency and activation energy at different 

temperatures is depicted in the following 

graph: 

3.2. Pressure Drop and Filtration 

Efficiency: A key finding is that excessive 

PM accumulation leads to a sharp increase 

in pressure drop. At 600°C, significant 

amounts of PM remain unoxidized, 

whereas at 750°C, oxidation is more 

effective, reducing pressure loss. The study 

suggests an optimal temperature range of 

700-750°C for balancing efficient 

regeneration and minimal fuel 

consumption. 

3.3. Mapping Catalyst Performance: By 

analyzing activation energy versus 

oxidation efficiency, the study establishes a 

framework for selecting catalysts suited to 

different operating conditions. Catalysts 

with activation energies below 120 kJ/mol 

perform best at 600°C, whereas higher 

temperatures expand the viable activation 

energy range for effective PM combustion. 

4. Conclusion: This study presents a 

numerical model for PM capture and 

oxidation in DPFs, enabling efficient 

catalyst evaluation. Key findings indicate 

that optimal regeneration conditions 

depend on both exhaust temperature and 

catalyst properties. The results contribute to 

the design of more effective DPF systems, 

reducing emissions while improving engine 

efficiency. Future research will focus on 

experimental validation and further 

refinement of catalyst formulations

enhanced performance. 
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