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Abstract:

Current and forthcoming legislation in the EU asks for a reduction of the number, the size and the 
mass of particles emitted by diesel engines. Nowadays this is obtained by using a closed wall flow 
filter system (DPF). The backdraws of such systems are the weight, the high costs and on the 
functional side the so called soot loading limit. On the one hand this limitation is caused by the 
backpressure and on the other hand by the potential thermal energy of the soot, if it is burned out 
of the filter at higher temperatures. The necessary removal of the soot is done mainly by  two 
chemical reations. One is the passive regeneration, exploiting the NO2+C reaction, which takes 
place in the range of 250°C-450°C. The second is the active regeneration, which takes place at 
higher temperatures of 600°C and above. Here the soot (mainly Carbon C) is burned using the 
oxygen (O2) in the exhaust gas. In Light vehicle applications, the passive one is not able to remove 
all soot out of the system at all driving conditions. So the active regeneration must be conduced 
every 500-1000 Km. This leads to massive engine measures and/or postinjection systems to reach 
600°C+.  The optimize the situation novel approaches has to be investigated. One of these  is 
presented here: A filter system based on a metal foam that is coated with catalytic materials that 
decreases the number of particles using the NO2-reaction.

To simulate this filter an OpenFOAM solver was developed at the ICE that models the relevant 
effects of flow in porous media, soot transport and deposition and chemical reactions. The solver 
can simulate multiple filters with different characteristics and chemical reactions in one model. 
Simulations done with this solver were compared with measurements done at EMCON and show 
promising results.

As the simultaneous deposition and regeneration of the soot is a transient process that over a 
longer period leads to a stationary state a formalism was developed to calculate the amount of soot 
deposited in the filter at that balance point and implemented in a stationary solver.

For transient calculations a 1D-solver was developed that is also based on OpenFOAM and allows 
rapid calculations of driving cycles. Because it is based on the same implementation of the models 
as the other solvers it is ensured that its results are consistent with those of the 3D-solvers.


