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Introduction 

Diesel passenger vehicles have been widely used especially in European countries. 
Compared with gasoline counterparts, they have good features of high torque at low speed, 
excellent durability and reliability, higher tolerance to fuel properties, and better fuel efficiency 
[1]. The main problem with diesel vehicles is that they produce particulate matters (PM) 
including soot in exhaust gas [2,3]. PM is a serious atmospheric pollutant and has also been 
linked to carcinogenicity [4], and diesel emissions and control are still very much in the forefront 
[3,5]. As one of the key technologies, a diesel particulate filter (DPF) for the after-treatment of 
the exhaust gas has been developed [5-7]. 

Figure 1 shows a schematic of DPF. Upper figure shows PM trap inside porous filter wall. 
Typically, the ceramic DPF has a honeycomb structure, with alternate closure of inlet and outlet 
channels. The mechanism for PM trap is simple: when the exhaust gas passes through the filter 
wall, PM is trapped, so that the soot cake is formed on the surface of filter substrate, which is 
orange area in this figure. Then, the filter would be plugged with PM to cause an increase of 
filter backpressure [8,9]. If the backpressure is high, the engine may stall or the fuel consumption 
increases. In order to prevent these disadvantages, the filter must be regenerated by oxidizing PM. 
However, the temperature of diesel exhaust gas is not high enough for soot oxidation [5,6,10]. In 
addition, DPF may be eroded due to the heat generated in PM oxidation process. Therefore, PM 
must be oxidized at low temperatures by keeping high filtration efficiency for PM trap.  

The system where PM is trapped and oxidized 
simultaneously is called a continuously regenerating DPF 
[3,5]. A catalyst, which adheres to the surface of the 
ceramic filter substrate, is usually used to reduce the PM 
oxidation temperature. However, the thermal durability of 
existing platinum catalyst-supported DPF is inadequate, 
which means that the catalyst may be damaged by PM 
oxidation and the filter substrate may also be cracked. In 
addition, since platinum is a rare metal, the amount of 
catalyst must be suppressed. Then, a full investigation of 
exhaust gas flow, PM deposition, and PM oxidation in the 
continuously regenerating DPF is needed. Although a 
challenging to visualize the processes of PM oxidation 
and deposition has been conducted experimentally [11, 
12], it is still difficult to observe the phenomena inside 
DPF. So far, we have proposed a numerical scheme for 
the simulation of DPF by the lattice Boltzmann method 
(LBM) [13-17]. 

To consider the catalyst, the simplified reaction 

Fig. 1  A schematic of diesel particulate 
filter is shown. Upper figure shows PM 
trap inside porous filter wall. 
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model with the one-step reaction is applied. The reaction parameters such as activation energy 
are obtained by an engine test bench. Then, the catalyzed DPF is simulated to examine the 
effects of the catalyst on diesel soot oxidation. Based on the filter-back pressure, soot deposition 
and oxidation processes are discussed, which gives useful information to reduce the amount of 
catalysts.  
 
Numerical Analysis 

The lattice Boltzmann method (LBM) used in the simulation is the simplification of 
Boltzmann equation [18]. The model of D3Q15 using cubic lattices is usually used for 3D 
calculation [19]. As for the combustion simulation, we followed the same numerical scheme 
proposed in our previous study [20]. An overall one-step reaction of C + O2 → CO2 was used 
[13,14,21]. Generally, the soot has complex geometry of nanoparticles [2,22,23]. Since the size 
of diesel soot has a nano-scale, it is difficult to realize the deposition phenomenon of soot 
particles precisely. Then, the soot deposition is described by the modified particle deposition 
model [24]. Different from Lagrangian approach through the equation of motion, individual 
particles were not considered. Instead, the soot concentration was monitored.  

In the numerical simulation, the catalyzed cordierite DPF was considered. We used the 
internal structure of DPF obtained by the X-ray CT technique. The spatial resolution was 1.15 
μm/pix, which was the grid size in the simulation. Figure 2 shows the numerical domain. The 
filter structure obtained by the X-ray CT is placed at the center of the numerical domain. The 
width of the numerical domain is W. In the preliminary simulation, W was varied to determine 
the proper numerical domain. In the present paper, W is 40 m. The total size is 330 m (x) × 46 
m (y) × 46 m (z). The exhaust gas passes through the filter wall in x-direction. 

 

 

 
Results and discussion 

Firstly, the soot oxidation rate with catalyst was evaluated. The catalyst was uniformly 
adhered to the surface of the filter substrate. The soot reaction rate was obtained based on data in 
engine test bench equipped with the catalyzed DPF [9,17]. Table 1 shows the engine 
specifications. Here, the experimental procedure was explained. Initially, some amount of diesel 
soot was trapped inside DPF. Then, the temperature was increased for the filter regeneration. By 
measuring the emissions of CO and CO2, the mass of reacted soot was calculated. The soot 

Fig. 2  Coordinate and calculation region are shown. Exhaust gas passes through the filter in x- 
direction. Gray region corresponds to the filter substrate. 



oxidation rate was assumed as the first-order reaction of the soot concentration (soot mass) with 
the following Arrhenius type equation [14]: 
 
 
 
 
where m represents the mass of unreacted soot inside DPF, k represents a reaction rate constant, 
A represents a pre-exponential factor, E represents activation energy, and R represents the gas 
constant. Based on the Arrhenius plots, the pre-exponential factor was 5.92 × 109 1/s, and 
activation energy was 184 kJ/mol. 
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