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Numerical Evaluation of a Radially Variable Cell Density Strategy for Improving Light-off
Performance: Focusing on Light-off Catalyst
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Soo-Jin Jeong, Woo-Seung Kim

ABSTRACT

The optimum design of auto-catalyst needs a good compromise between the pressure drop and flow
distribution in the monolith. One of the effective methods to achieve this goal is to use the concept of radially
variable cell density. However, there has been no study of evaluating the usefulness of this method on light-off
catalyst. We have computationally investigated the effectiveness of variable cell density technique applied to
the light-off catalyst using a three-dimensional integrated CFD model, in which transient chemical reacting
calculations are involved. Computed results show that variable cell density technique can reduce the
accumulated emissions of CO and HC during the early 100sec of FTP cycle by 86.78 and 80.87%, respectively.
The effect of air-gap between the monoliths has been also examined. It is found that air-gap has a beneficial
effect on reducing pressure drop and cold-start emissions.

FR7]e-80] . Light-off catalyst( 4 =-24] Zuj¥$lv]), Variable cell density technique(7}d A W%
W), Air-gap(F7] 7H7F). Light-off{ 84 3}

Nomenclature v . orthotropic heat conductivity factor
av : geometric surface area, m”/m’ A : condu'ctivity(W/mK)
S : specific heat, J/kgK € * porosity
h . heat transfer coefficient(W/m’K) ]
M; : molecular weight for species i Subscripts
iy, : feed gas mass flow rate(kg/s) 1,0 : initial, inlet condition
T : temperature(K) fs : fluid, solid
t 1 time(sec)
X,Y,Z : Cartesian coordinate 1.4 8
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Fig. 1 The catalytic converter considered in this study

Table 1 Physical properties involved in the model

Gas properties

deunsity: ideal gas law
conductivity(Wm"K'l):
k,=2.269 > 107 Tg"*

heat capacity(]kg'lK"):
Cpy=1009.1248+0.21819T,

Monolith

porosity: 0.76
cell density: 62cpsc
hydrautic channef dia.: 1.1 X 10°m
wall thickness : 0.12 X 10”°m
washcoat thickness: 25 X 10°m
geometric surface area:27.2em’/em’
volume: 1,08 { (WCC)
1.8 4. (UCC)

PM loading:

WCC: 308

UCC: 10.1g/¢
heat capacity(Jkg 'K ™)
Cp=1071+0.136T,-3435 x 10°%/Ts”

Mat
(3M Interam 100)

conductivity(Wm 'K ™”)%:0.194
heat capacity(Jkg 'K '):1110
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Table 2 Characteristics of cordierite ceramic substrates

Cell density(cells/cm®) | 31 62

Wall thickness(mm) 0.15 0.15 0.15

I

| Material porosity(%) T 35

Geometric surface area ;
2, 3 2041 | 27.70 | 29.79 ! 34.85

(cm™/em’) |

{

Hydraulic diameter of

165 | 112 | 1.020 | 0937
SRR N S S

;0.8399 0.7744l 0.76 \ 0.816

channel{mm)

\
l Open frontal area
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Fig. 2 Inlet temperature variation during FTP-75

Table 3 Concentrations of species in inlet gas

Cco 1.52%
CsHe 1900ppm
CHas 307ppm
H: 0.39%
NO 825ppm

02 2.06%

A W) B g 97 A 2,
Fig. 3(a)ell 62 cpsc(cells per square centimeter) 2
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Fig. 3 Flow distribution contour and schematic diagram
for two cell density combinations
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