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Abstract : The engine-out flow is highly transient and hot, and may place tremendous thermal and inertial loads on a
closed-coupled catalyst. Therefore, time-dependent and detailed flow and thermal field simulation may be crucial. The
aim of this study is to develop combined chemical reaction and multi-dimensional fluid dynamic mathematical model
and to study the effect of unsteady pulsating thermal and flow characteristics on thermal reliability of closed-coupled
catalyst. The effect of cell density on the conversion performance under real running condition is also investigated.
Unlike previous studies, the present study focuses on ccupling between the problems of pulsating flow pattern and
catalyst thermal response and conversion efficiency. The results are expressed in terms of temporal evolution of flow,
polltant and temperature distribution as well as transient characteristics of conversion efficiency. Fundamental
understanding of the flow and thermal phenomena of closed-coupled catalyst under real running condition is presented.
It is shown that instants of significantly low values of flow uniformity and conversion efficiency exist during exhaust
blowdown and the temporal varaition of flow uniformity is very similar in pattern to one of conversion efficiency. It is
also found that the location of hot spot in monolith is directly affected by transient flow pattern in closed-coupled
catalyst.
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Table 1 Characteristics of cordierite ceramic substrates

Cell density(cells/em®) 62 93 124
Wall thickness(mm) 0.15 0.1 0.05
Material porosity(%) 35

Geomemczsurf?ce area 2770 3485 42,06

(cm/cm’)

Hydraulic diameter of
channel(mm)
Open frontal area 0.7744 0.816 0.892

1.12 0.937 0.848
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Fig. 3 Transient mass flow rate and temperature profiles,
3000rpm, WOT

Table 2 Transient inlet concentrations, 1200rpm(A/F=15.52)

Cylinder (;21) CO(%) (:fn) 02(%)
1 5722.54 0.8 320 1.54
2 5715.49 0.8 320 1.54
3 5710.15 0.79 320 1.52
4 5719.10 0.79 320 1.52
5 5722.65 0.81 320 1.56
6 5713.37 0.80 320 1.54
o2
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Table 3 Transient inlet concentrations, 3000rpm(A/F=15.52)

. NO HC

Cylinder (ppm) CO(%) (ppm) Ox(%)
1 7017.13 0.92 374 1.76
2 7062.61 0.94 374 1.79
3 7072.10 0.95 374 1.81
4 7060.01 0.94 374 1.79
5 7058.80 0.94 374 1.79
6 7065.67 0.95 374 1.81

Table 4 Chemical reactions included in the simulation model

1 CO+70,CO;

2 Hy+40~H,0

3 1M +40,-00,+H0
4 CH,+20,~C0,+2H,0
5 CO+NO—CO+5 N,
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