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Abstract : Recently, as the fine dust is increased and the emission regulations of diesel engines have been tightened, interest in
diesel soot filtration devices has rapidly increased. There is specifically a demand for the technological development of higher
diesel exhaust gas after-treatment device efficiency. As part of this, many studies were conducted to increase exhaust gas
treatment efficiency by improving the flow uniformity of the exhaust gas in the diesel particulate filter (DPF) and reducing the
pressure drop between the inlet and the outlet of DPF. In this study, the effects of pressure drop by the flow rate and temperature
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of exhaust gas, DPF 1/O ratio, Ash, and PM amount in diesel reduction device were simulated via a 12" diameter DPF and diesel
oxidation catalyst (DOC) using ANSYS Fluent. As the flow rate and temperature decreased, the pressure drop decreased,
whereas the PM amount affected the pressure drop more than the ash amount and the pressure drop was lower in anisotropic DPF
than isotropic DPF. In the case of DPF flow uniformity, it was constant regardless of the various variables of DPF. In ESC and
ETC conditions, the filtration efficiency for PM was similar regardless of anisotropic and isotropic DPF, but the filtration
efficiency for PN (particle number) was higher in anisotropic DPF than isotropic DPF.

Keywords : DPF (diesel particulate filter), Computational Fluid Dynamics, Flow Uniformity, Pressure Distribution, Pressure
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Figure 2. Pressure distribution at DPF and DOC with various velocities of exhaust gas.

Table 1. Properties of exhaust gas

Properties Flow rate (kg h™) Density (kg m™) Viscosity (kg m™” s™)
Value 130 0.605 29x107°
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Table 2. Flow uniformity at DPF and DOC with various velocities of exhaust gas (temperature: 583 K)
Pressure (mbar) Flow uniformity (%)
Velocity (m s™) DOC DPF DOC DPF
@ @ ©) @ @ @ @ @
20.8 6.52 6.34 6.34 0.33 97.28 97.29 99.98 99.98
41.6 14 13.6 13.6 1.33 94.95 94.97 99.97 99.97
104 40.06 39.09 39.08 8.33 89.71 89.71 99.89 99.89
Table 3. Flow uniformity at DPF and DOC with various temperatures of exhaust gas (DPF I/O ratio = 1.0)
Pressure (mbar) Flow uniformity (%)
Temperature (K) DOC DPF DOC DPF
Velocity (ms™)
@ ) ® @ @ ) ® @
29825 11.09 10.87 10.87 0.56 96.77 96.39 98.96 99.94
55346.4 16.05 15.63 15.63 1.93 94.45 94.14 98.88 99.92
58349.7 23.16 22.71 22.71 222 94.13 93.82 98.84 99.91

Figure 4. Pressure distribution at DPF and DOC with various DPF 10 ratios of exhaust gas.
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Table 4. Pressure and flow uniformity at various DPF IO ratio (velocity: 49.7 ms™)

Pressure (mbar) Flow uniformity (%)
DPF IO ratio DOC DPF DOC DPF
@ @ ©) @ @ ®) @
1.0 23.16 22.71 22.71 2.22 94.13 93.82 98.84 99.91
1.3 20.65 20.2 20.2 2.22 " " " "
1.5 20.07 19.63 19.63 2.22 " " " "
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Figure 5. Effect of ash amounts on pressure drop in the symmetric
DPF.

Ash loading(g/L)

Figure 6. Effect of Ash and PM amounts on pressure drop in the
symmetric DPF.

Table 5. Effect of various PM and ash amounts on flow uniformity in symmetric DPF

Flow uniformity (%)
As?gaﬁ??)um DOC DPF
@ @ &) @
0~19.83 94.45 94.13 98.83 99.57
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Table 6. Effect of various PM and ash amounts on flow uniformity in asymmetric DPF (I/O ratio = 1.2)
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/O ratio 1.2.
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