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Diesel particulate filter is one of the most effective and direct methods to filter diesel particulate matter. Many 

factors affecting the efficiency and pressure of diesel particulate trap are studied in this paper. Based on AVL-

BOOST software, the simulation model of DPF is established. Based on the calculation of multi plans which 

control the different parameters such as geometry, temperature, porosity and other factors of the diesel 

particulate filter, the effect of these parameters on efficiency and pressure of diesel particulate filter is studied, 

to understand the influence relations between different parameters. The models of pressure drop are introduced. 

The effects of monolith length, monolith volume, mass flux, boundary and initial temperature on pressure drop 

are analysed. Results show that the structure of DPF has little impact on pressure drop; DPF regeneration does 

not change the effects of monolith length, monolith volume, loaded soot mass on pressure drop; When the 

temperature is 773 K, the mass flux has an important influence on pressure drop; The soot consumption rate is 

no longer changing when the temperature reaches 873 K; The coupling of temperature and parameters affects 

the pressure drop. The importance of filter structural parameter to calculate the pressure drop and filtering 

efficiency is further analysed. The results further improve the theoretical analysis of DPF efficiency 

characteristics, DPF regeneration time and subsequent experiments. 

1. Introduction

Engine pollution mainly comes from four components - particulate matter (PM), hydrocarbons (HCx), nitrogen 

oxides (NOx) and carbon monoxide (CO). The particulate matter is mostly made up of tiny particles of carbon 

or carbides. Diesel Particulate Filter (DPF) can reduce the amount of soot produced by engines by more than 

90 %. DPF can effectively reduce the emission of particulate matter (Montajir et al.,2007). First, it captures the 

particulate matter in the exhaust gas and then oxidises the captured particles to realise DPF regeneration. The 

regeneration of DPF is that in the long-term work, the gradual increase of particles in the DPF will cause the 

back pressure of the engine to rise, and that makes the engine performance degradation. So it is necessary to 

periodically remove the deposited particles to restore the filter performance of DPF. The particulate matter that 

emitted from diesel engines has been a concern. PM can be suspended in the air for a long time, it is polluting 

the environment and affecting human physical and mental health. With the increasingly strict diesel emission 

standards, DPF has become one of the necessary technologies for diesel vehicles to conform to the standards. 

DPF must be designed with the consideration of filtration efficiency, pressure drop, high temperature resistance, 

etc. The carbon filtration efficiency of DPF can reach over 90 %. During filtration, particulate deposition in the 

filter will lead to the increase of exhaust back pressure of the diesel engine. The catalyst-coated filters showed 

pressure drop values very similar to that of the uncatalysed filters (Meloni and Palma, 2018). 

Exhaust back pressure has an important influence on the engine economy, power performance and sound 

quality. It also affects the quality and capture efficiency of DPF. So back pressure is one of the important indexes 

in the process of design DPF. Chen et al. (2013) studied the capture of PM by DPF under various conditions, 

they proved that DPF is very efficient in capturing PM. But, in the two working conditions of cold start and sharp 

deceleration, the capture efficiency will be reduced due to the back pressure. The excessive exhaust back 

pressure leads to the increase of inflation loss, the decrease of engine combustion efficiency, the decrease of 

power output and the deterioration of fuel economy. The low exhaust back pressure will increase the cost of 
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exhaust system development, and reduce the quality of sound. So controlling the back pressure at a reasonable 

value is important for performance engine and DPF. Peng et al. (2019) analysed the influence of structural 

parameters on DPF pressure drop. Previous articles only analysed the influence of a single factor on the 

pressure drop, such as the structure or temperature, but they have not analysed the effects of coupling of two 

factors on pressure drop. This article mainly studies from the temperature aspect, the influence of DPF structure 

on pressure drop at different exhaust temperatures and the influence of the coupling of exhaust temperature 

and DPF initial temperature are analysed. 

2. The analysis of DPF pressure drop

The DPF pressure drop is composed of four parts: the pressure loss through the particle layer, the pressure 

loss through the filter wall, the friction loss in the inlet channel and the friction loss in the outlet channel. Among 

them, the pressure loss when the gas flows through the particle layer is related to the thickness of the loaded 

particle layer. The others are determined by the DPF structure and the state of the gas flowing. The model to 

calculate the pressure drop across DPF is the one derived for a clean filter by Konstandopoulos and Johnson 

(1989), which was extended to the loaded filter case by Konstandopoulos et al. (2000). This model calculates 

the pressure drop across DPF during loading and regeneration, based on the filter geometry, the mass loading 

and the properties of the exhaust gas (Kladopoulou et al.,2003). The formula can be obtained: 
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Where, μ is the gas viscosity, kg/m· s-1; Q  is the exhaust volume flow rate, m3/s; α is the channel width, mm; ω 

is the thickness of the filter layer, mm; Vtrap is the volume of the filter, m3; k0 is the permeability of the filtration 

layer, m2; Ksoot is the layer permeability of stowage particles, m2; ωs is the thickness of stowage particle layer, 

mm; F is the coefficient of wall friction; L is the length of the filter channel, mm. 

According to Eq(1), the mathematical model intuitively reveals the mathematical relationship between various 

parameters, which provides a research direction for the following simulation. 

3. The establishment of simulation model

Using the AVL Boost software to build the simulation model. The software offers a variety of components that 

can simulate the cycles and aftertreatment of an internal-combustion engine. Figure 1 is the model of DPF 

established in AVL Boost, and then study the influence factors of DPF pressure drop. 

Figure 1: The aftertreatment model of DPF 

The basic parameters to simulate the running environment of DPF are shown in the Table 1 and Table 2. 

According to the mathematical model, the influence of DPF pressure drop can be considered in many aspects. 

The basic geometric parameters of DPF and the boundary conditions are considered and then the soot mass 

and initial DPF temperature are also studied. This paper will simulate DPF pressure drop from these aspects. 

Table 1: Geometric and Initial Parameters 

Monolith Volume  Length of Monolith Initial of Monolith Cell Density Wall Thickness Soot Mass 

0.6795 L 0.2 m 499.85 K 200 (1/m2) 3.988×10-4 m 10 kg/m3 

Table 2: Boundary Conditions 

Time(s) 0 50 100 600 

Temperature (K) 499.85 849.85 849.85 849.85 

Mass Flux (kg/s) 0.006 0.003 0.003 0.003 
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4. Results

In order to better analyse the impact of each parameter on the pressure drop, the experiment changes one 

parameter and keep the others unchanged. The resulting is shown in the following Figures. 

(a) (b) 

(c) (d) 

Figure 2: Pressure drop with (a) different length, (b) different volume, (c) different loaded soot mass, and (d) 

different mass flow 

Figure 2a and Figure 2b show the effect of monolith length and volume on pressure drop. Figure 2a shows that 

when the length increases, the pressure drop also increases. The difference between curves is little, so simply 

changing the DPF length has little effect on the pressure drop. In Figure 2b, the pressure drop is different and 

decreases with the increase in volume. Figure 2c and Figure 2d show the influence of loaded soot mass and 

mass flow on pressure drop. Observing Figures, the pressure drop increases with the increase of loaded soot 

mass and mass flow. But the mass flow has a greater effect on the pressure drop. 

(a) (b) 

Figure 3: Pressure drop with different length when the inlet temperature is (a) 473 K, (b) 773 K

(a) (b) 

Figure 4: Pressure drop with different volume when the inlet temperature is (a) 473 K, (b) 773 K 
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(a) (b) 

Figure 5: Pressure drop with different loaded soot mass when the inlet temperature is (a) 473 K, (b) 773 K

Because there is a temperature change in the simulation. The influence of each parameter on pressure drop 

under normal operation and the regeneration of DPF is considered. The inlet temperature of DPF regeneration 

condition is about 773 K, and the DPF inlet temperature ranges from 453 K to 683 K under various working 

conditions in normal mode. When the inlet temperature is about set to 773 K, the regeneration can be safe and 

efficient. To consider the DPF regeneration, the text temperature is 773 K. Figures 3 to 5 show the influence of 

DPF structure (length and volume) and soot mass on pressure drop when the exhaust temperature is 473 K 

and 773 K. When the exhaust temperature reaches the regeneration temperature, the pressure drop drops to a 

minimum and remains stable. Compared Figure 3b and Figure 5b with Figure 3a and Figure 5a, the pressure 

drop decreases for a longer time as the particles in DPF are consumed because of regeneration. Figure 3b and 

Figure 5b show that the pressure drop starts to decrease at about 60 s and remains stable at 150 s. However, 

it can be seen from Figure 4 that even considering the consumption of particles in DPF, the influence of volume 

on pressure drop is almost unchanged. When the temperature reaches the regeneration temperature, the 

pressure drop decreases due to the consumption of particulate matter. But simply changing the structure has 

little effect on the pressure drop. 

(a) (b) 

Figure 6: Pressure drop with different mass flow when the inlet temperature is (a) 473 K, (b) 773 K

Observing Figure 6a and Figure 6b, the influences of mass flow on pressure drop are studied when the exhaust 

temperature is 473 K and 773 K. Firstly, when the temperature is at 473 K, the pressure drop increases with the 

increase of mass flow, but the pressure drop curve remains stable. Secondly, when the temperature is 773 K, 

the pressure drop curve shows an upward trend, then the curve goes down to a stable value. The time of the 

above phenomenon will advance with the increase of mass flow, and the waveform of the curve will become 

steeper and steeper. Because of the regeneration of DPF, the increase of mass flow will accelerate the 

consumption of particulate matter in DPF, then the pressure drop curve changes significantly. 

(a) (b) 

Figure 7: Pressure drop when the inlet temperature is (a) 473 K, 573 K, 673 K, (b) 723 K, 748 K , 773 K
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Figure 7 shows the influence of boundary temperature on pressure drop. The pressure drop increases with the 

increase of temperature. When DPF is in normal operation, the pressure drop is maintained at a high value due 

to the increase in temperature. Figure 9a is the pressure drop curve of the exhaust temperature over 773 K. 

Because of DPF regeneration, the pressure drop curve can plummet. The rate of decline increases as the 

temperature increases. When the temperature reaches above 873 K, the pressure drop will not change with the 

increase of the temperature. From Figure 7a and Figure 7b, the pressure drop already decreases when the 

temperature reaches over 673 K, and the decreasing rate of pressure drop increases with the increase of 

temperature. Figure 8 shows that the mass decline rate increases with the increase of temperature, this 

phenomenon is reflected in the pressure drop curve. When the temperature reaches 723 K, the soot mass 

consumption is obvious, DPF regeneration has begun, and become drastic with the temperature increasing. But 

the soot consumption rate is no longer changing when the temperature reaches 873 K. 

(a) (b) 

Figure 8: Soot mass when inlet DPF temperature is (a) under 773 K, (b) over 773 K

(a) (b) 

Figure 9: Pressure drop with different inlet temperature when loaded soot mass is (a) 10 kg/m3, (b) 20 kg/m3 

(a) (b) 

(c) (d) 

Figure 10: Pressure drop with different inlet temperature when initial DPF temperature is (a) 573 K, (b) 673 K, 

(c) 773 K, (d) 873 K 
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As shown in Figure 8b, the rate of particle decline is unchanged when the temperature is over 873 K. Figure 9 

show that the initial value of the pressure drop increases and the reaction time is prolonged. But the shape of 

the pressure drop is the same. Through the analysis of Figure 5 and Figure 9, the loaded soot mass has little 

impact in pressure drop. 

The four pictures of Figure 10 show the influence curve of pressure drop with inlet temperature at DPF initial 

temperature of 573 K, 673 K, 773 K and 873 K. The curves in Figure 10a and 10b are similar when the initial 

DPF temperature is 573 K and 673 K; Figure 10c and 10d show that the curves are similar when the initial 

temperature is 773 K and 873 K. Considering the influence of DPF regeneration when the temperature reaches 

773 K and 873 K, the pressure drop drops significantly, and the particles in DPF reach the ignition temperature. 

As the DPF temperature increases, the initial pressure drop increases. Comparing four Figures, the inlet 

temperature is constant, and the pressure drop will drop sharply when the initial DPF temperature reaches 

above 773 K. When the DPF temperature reaches above 773 K, the influence of boundary temperature on the 

pressure drop can be ignored. The curves almost coincide. When both the exhaust temperature and the initial 

DPF temperature are less than 673 K, the curve of pressure drop is similar to the pressure drop curve waveform 

when the exhaust temperature is considered, but the overall pressure drop increases with the increase of the 

initial DPF temperature. When the inlet temperature or the initial DPF temperature reaches 873 K, the 

consumption rate of particles in DPF will no longer change, and the pressure drop curve will remain unchanged. 

Keeping a temperature of 873 K is enough for DPF regeneration. Comparing with the inlet temperature, the 

increase of the initial DPF temperature will increase the initial pressure drop. 

5. Conclusions

Considering the effect of DPF regeneration, the DPF structure and the loaded particle mass have little effect on 

the pressure drop. But the pressure drop fluctuates, and the pressure drop curve fluctuates more and more 

violently with the increase of mass flow. When the exhaust temperature reaches more than 673 K, the pressure 

drop rate accelerates with the increase of temperature, and the pressure drop rate is almost constant when the 

exhaust temperature exceeds 773 K. The pressure drop is no longer changing when the initial DPF temperature 

or the boundary temperature reaches 873 K. When the initial DPF temperature reaches above 773 K, the 

influence of boundary temperature on the pressure drop can be ignored. During DPF regeneration, it is not 

necessary to raise the inlet temperature above 873 K. To reduce the resistance of DPF, the initial DPF 

temperature should be reduced as much as possible. 
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