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Numerical Design of Auto-Catalyst Substrate for Improved
Conversion Performance Using Radially Variable Cell Density
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Abstract

The optimal design of auto-catalyst needs a good compromise between the pressure drop and flow
uniformity in the substrate. One of the effective methods to achieve this goal is to use the concept of
radially variable cell density. But this method has not been examined its usefulness in terms of
chemical behavior and conversion performance. In this work, two-dimensional performance prediction of
catalyst coupled with turbulent reacting flow simulation has been used to evaluate the benefits of this
method in the flow uniformity and conversion efficiency. The results showed that two cell combination
of 93cpsc and 62cpsc was the most effective for improved pressure drop and conversion efficiency due
to balanced space velocity and efficient usage of geometric surface area of channels. It was also found
that large temperature difference between the bricks in case that the edge of the frontal face of brick

has too much lower cell density(less than 67% of cell density of the center of the brick).

This study

has also demonstrated that the present computational results show the better prediction accuracy in
terms of CO, HC and NO conversion efficiencies compared to those of conventional 1-D adiabatic

model by comparison with experimental results.
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s . solid

g : gas

i : species i

ofof

Pt : Platinum

Rh : Rhodium

CO : Carbon monoxide

THC : Total hydrocarbon
cpsc : Cells per square centimeter
PM  : Precious metal
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Table 1 Physical properties involved in the model

.

density: ideal gas law
conductlvxty(Wm 'K
ke=2.269% 107T,"*

heat capamty(Jk 'K
Cpe=1009.1248+0.21819T,
Gas dlffuswlty(m /s):

. 1.7
properties | p,= D,( T,Ef)(T—f)

kinematic viscosity(mz/s):
v=(6.542x10 7" T9 +(6.108x 10 "*T,)
~0.89%3107°

porosity:0.76

cell density: 62 cpsc

hydraulic channel dia.: 1,[x 10°m
wall thickness: 0.12x 10°m

Monolith washcoat thickness:25% 10°m
geometric surface area: 27. 2em¥/em’
PM loading: 30g/ft (Pt/Rh =5:1)

heat capacity(Jkg’ K™y
Cp=1071+0.156T,-3435x 10Y/T,

conductivity(Wm'K™"): 0.194
heat capacity(Jkg"K']): 1000

Mat

Table 2 Characteristics of cordierite ceramic
substrates

Cell density(cells/cm?) | 31 62 73 93

Wall thickness(mm) 0.15 0.15 0.15 0.1

Material porosity(%) 35

Geometric Surface

s 3 2041 1 27.70 | 29.79 | 34.85
Area (cm’/em’)

Hydraulic diameter of
1.65 1.12 | 1.020 | 0.937
channel(mm)

Open frontal area 0.8399(0.7744 | 0.76 | 0.816
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Table 3 Summary of the cases considered in

this study
case No. cell density: cpsc
frontal area: %
1 62(uniform)
2 93(45%)/62(36%)/31(19%)
3 93(48%)/62(52%)
4 73(48%)/31(52%)
5 93(48%)/31(52%)
6 93(uniform)

lower cell density

higher cell density

medium cell density insulating mat

(a) A brick with three cell combination

lower cell density higher celt density

insulating mat

(b) A brick with two cell combination

Fig. 2 Schematic diagram for two and three

cell density combinations
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FR= flow rate from high cell density area (1)
Sflow rate from low cell density area

AR(area ratio)= low cell density area(edge) 2)

high cell density area(center)
FAR(flow—area ratio)= FRX AR (3)
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Fig. 3 Inlet conditions of the catalytic converter
during the first 120 seconds of the FTP-75

test cycle
Table 5 Concentrations of species in inlet gas
CO 1.52%
C3He 1898 ppm
CH4 176.9 ppm
CzH)_ 1 Ppm
H, 0.39%
0, 2.06%
NO 825 ppm
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