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Abstract : Prediction of diesel particulate filtration is typically made by virtue of modeling of particulate matter (PM)
collection. The model is closed with filtration parameters reflecting all small scale phenomena associated with PM
trapping, and these parameters are to be traced back by inversely analyzing large-scale empirical data-the pressure drop
histories. Included are soot cake permeability, soot cake density, soot density in the porous filter wall, and percolation
constant. In the present study, a series of single channel DPF experiment is conducted, pressure histories are inversely
analyzed, and the essential filtration parameters are deducted by DPF filtration model formulated with non-linear
description of soot cake regression. Sensitivity analyses of model parameters are also made. Results showed that
filtration transients are significantly altered by the extent of percolation constant, and the soot density in the porous
filter wall is controlling the filtration qualities in deep-bed filtration regime. In addition, effect of soot particle size on
filtration quality is distinct in a period of soot cake regime.

Key words : Diesel particulate filter, DPF (1] 2 9}x}4 B2 o 3} 4-)), Pressure drop (942 78}, Filtration (] 1)),
Sensitivity analysis (Y1 7= 3] 49)
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Fig. 1 Profile of running diesel exhaust flows and PM
trapping through SC-PDF

Cake layer

Table 1 Properties of single channel DPF

Property Corning EX-80
Total length [mm] 95
Plug length [mm] 10
Wall thickness [mm] 0.4318
Porosity [%] 48
Mean pore size [pm] 12.5
Channel width [mm] 2.1
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Fig. 2 Schematic of DPF test by partial flow system
equipped with MFC for regulating bifurcated exhaust
gas flow rate and electric heater for temperature
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Table 2 Modes of single channel DPF tests

SLPM T Uy, M gt
[°C} [m/s] [kg/s)
Mode 1 1.08 260 0.046 0.3883x10”
Mode 2 1.61 260 0.069 0.5833x10”
Mode 3 2.15 260 0.092 0.7667x10°
Mode 4 430 260 0.184 1.5333x10”
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Fig. 3 Evolutions of SC-DPF pressure drop due to different
operation modes (Mode 1 through 4)
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Table 3 Parameters estimated by non-linear regression
calculation
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[kg/m’] [ke/m]
Mode 1 2.87612 0.88938 3.5953x107"°
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Mode 3 3.38055 0.89091 2.7110x10™2
Mode 4 1.90555 0.88143 1.4373x107™
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Fig. 4 Experimental filter pressure drops compared with the
prediction of calibrated model(solid line)
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Fig. 5 Slopes of increasing pressure drop at soot cake

filtration regime (slope dAp/dt is for the linear
portion of soot cake filtration regime)
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Table 4 Hydrodynamic resistance factors(data non-linear
regression calculation vs. fitted experimental data)

k k

sootpsoottc sootpsoot,c

non-linear regression linear fitting diff

[kg/m’] [kg/m’] [%]

Mode 1 3.5953x10"2 3.8830x10"2 74
Mode 2 3.3994x107"2 3.5532x107"2 43
Mode 3 2.7110x107"2 2.7972x10°" 3.1
Mode 4 1.4373x10°" 1.4638x10°" 18
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Fig. 6 Sensitivity of pressure drop to percolation constant for
mode 3. Thick solid line is model prediction with base
values of filtration parameters. Percolation constant is
forced to be deviated in the range of +2% (thin solid
line) from the reference quantity (thick line)
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Fig. 7 Sensitivity of pressure drop to soot density in the filter

wall for mode 3. Thick solid line is model prediction
with base values of filtration parameters. Soot density
in the filter wall is forced to be deviated in the range of
+20% (thin solid line) from the reference quantity
(thick line)
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Table 6 Sensitivity of pressure drop against soot density in
the filter wall (p,,, ,, ) (deviation in percentage)

Table 7 Sensitivity of pressure drop against soot particle size
(d,) (deviation in percentage)
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-20% -10% +10% +20% -20% -10% +10% +20%

Mode 1 0.3 0.1 -0.1 -0.3 Mode 1 -2.0 -1.0 1.0 1.9
Mode 2 0.3 0.2 -0.2 -0.3 Mode 2 -1.6 -0.8 0.7 1.4
Mode 3 0.4 0.2 -0.2 -0.4 Mode 3 -1.7 -0.8 0.8 14
Mode 4 0.6 0.3 -0.3 -0.6 Mode 4 -1.9 -0.9 0.7 1.3
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Fig. 8 Sensitivity of pressure drop to particle diameter for
mode 3. Thick solid line is model prediction with base
values of filtration parameters. Particle diameter is
forced to be deviated in the range of £20% (thin solid
line) from the reference quantity (thick line)
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