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Abstract : With the world-wide demand on the emission minimization, the needs on the diesel aftertreatment devices
with high efficiency are also increasing. In order to effectively develop or design a high-performance diesel particulate
filter, a clear understanding on the deposition and regeneration mechanism is required. In the present study, a theory on
the lumped parameter model for wall-flow type diesel particulate filters is described focusing on the deposition
efficiency, pressure drop inside the filter. The fourth order explicit Runge-Kutta method is utilized for the mass flow rate
computation. Engine operation modes with controlled and uncontrolled regeneration options are selected. The
computational lumped parameter model is validated by comparing the computed results with the measured data.
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Fig. 1 Schematic of the filter wall discretized into slabs of unit
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Fig. 2 Mass balance schematic for the filter

a9 + (1:2%00)02 e, 0 +1-fayco, (1)

91 20l feot= A B vl kgl U@ A
S(selectivity) o]t} gk, B Ul 2 ¥ YAk
=S Ax eI S ghgo) o) AkstE e
=, 2] (12)0]] vreRd vpe} 3ho] A e kg &
§ SER pro] mesoF B

KR = ](;hcrm al +](;atal_ut'[u (12)

E a
= Apl/m Texp|— ATPT +A,y0 Texp(* ﬁ“)

A7, yori= 7172 T Ak ] EE-&o| ™, E,
St E, = Aa B Sl vhE-2] &3} oA, 4,9} 4,
= A4 9 Eo) ukg-o] M= S=(frequency factor) =

71 ZkS Table 1.9 VFERA AT

Table 1 Filtration parameters for the lumped parameter model

Reaction parameters Case 1 Case 2
Activation energy Thermal (E,) 150 150
(kJ/mol) Catalytic (E,) 80 80

Frequency factor Thermal (4,) 1.0x10° 1.0x10°

(1/K-s) Catalytic (4,)  5.0x10°  4.0x107
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Fig. 3 Energy balance schematic for the filter
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Table 3 Exhaust gas input data for regeneration process

Exhaust gas data Idle Mode 11 Full load

Flow rate (m’/s) 0.0503 0.1647 0.3037

Particulate mass ,
concentration (kg/sm”)

6.5x10-° 21.3x10° 39.2x10°

Oxygen mole fraction 0.19 0.14 0.11
030+
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S
016
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Fig. 4 Exhaust volume flow rate and oxygen concentration vs.
time for controlled regeneration
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Fig. 5 Exhaust volume flow rate and oxygen concentration vs.
time for uncontrolled regeneration
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Table 4 Filter specifications

Specifications (ig-(r-l;;r(l)g C;)r(r-lz;g
Diameter (cm) 28.5755 28.575
Length (cm) 35.56 35.56
Wall thickness (mm) 0.4318 0.4318
Cell density (cell/cm®) 15.5 15.5
Porosity (%) 48 50
Mean pore size (lUm) 12.5 13.4
Volume (m’) 22.8x7 22.8x10”
Bulk density (kg/m’) 1,400 1,350
Specific heat (J/kg-K) 1,120 1,120
Fuel additive Cu/33 or 66 Cu/66
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