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Numerical Study on the Effect of Volume Change of Light-Off
Catalyst on Light-Off Performance
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ABSTRACT

HC and CO emissions during the cold start contribute the majority of the total emissions in
the legislated driving cycles. Therefore, in order to minimize the cold-start emissions, the fast
light-off techniques have been developed and presented in the literature. One of the most
encouraging strategies for reducing start-up emissions is to place the light-off catalyst, in
addition to the main under-body catalyst, near the engine exhaust manifold. This study
numerically considers three-dimensional, unsteady compressible reacting flow in the light-off and
under body catalyst to examine the impact of a light-off catalyst on thermal response of the
under body catalyst and tail pipe emission. The effects of flow distribution on the temperature
distribution and emission performance have also been examined. The present results show that
flow distribution has a great influence on the temperature distribution in the monolith at the
early stage of warm-up process and the ultimate conversion efficiency of light-off catalyst is
severely deteriorated when the space velocity is above 100,000 hr'.
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Abbreviations
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CO : Carbon monoxide
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Sh : Sherwood number (= k“I’)i.Dh)
SV : space velocity(hr-1)
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Sc : Schmidt number (=__11_)
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Table 2 Physical properties involved in the model

density: ideal gas law
conductivity(Wm'lK"):
kg=2.269x 1071, *%2

heat capacity(Jkg'K™):
Cpe=1009.1248+0.21819T,

gas
properties

porosity: 0.76
cell density: 62 cpsc
hydraulic channel dia.: 1.1x 10°m
wall thickness : 0.12x 10°m
washcoat thickness: 25% 10"°m
geometric surface area:27.2cm’/cm’
monolith |volume: 1.08¢ (Light-off -variable)
1.8¢ (UBC)

PM loading:

WCC: 30 g/ft’

UBC: 10.1g/ft*
heat capacity(Jkg'K™'):
Cps=1071+0.156T,-3435% 10%T,

Mat I lyr-1
conductivity(Wm K™ ):0.194
GM&;E; M heat capacity(Jkg'K™):1110
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Fig. 2 Temporal variations of the inlet temperature
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Table 3 Concentrations of species in inlet gas

CcO 1.52%
C;Hs 1900ppm
CH, 307ppm
H» 0.39%
NO 825ppm
0. 2.06%
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total pressure drop at three monolith brick
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temperature at four different LOC volumes
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