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Development of a One-dimensional Numerical Model of the Electrically Heated
Three-Way Catalyst For Start-up Heating in a 48-V Gasoline Hybrid Vehicle
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Abstract

Cold-start emissions are given great importance under the Euro-7 emission standard due to their significant impact on over-
all vehicle emissions. When an engine is started from a cold state, the combustion process is not yet optimized, leading to higher
emissions. Hybrid vehicles, in particular, may face additional challenges, as their engine may remain inactive for extended periods,
causing their catalysts to cool down and potentially become less effective in reducing emissions. In the present study, the perfor-
mance of an electric heater was investigated as a means to enhance the catalyst heating during the start-up time. A simulation tool
was utilized to develop a model for the gasoline exhaust aftertreatment system. The result indicates that the heater was able to
increase the three-way catalyst temperature to 500°C in 4 s using 20 kW power. In addition, the implementation of a secondary air
supply resulted in reduced temperature overshoot and improved conversion efficiencies.
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Fig. 1 Electric heater

Table 1 Specifications of the CC1 and CC2 catalysts

Parameters CCl1 CC2
Element cerium PGM

Active site density [mol/m?] 250 10
Atomic weight [g/mol] 140 195
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Fig. 2 Engine and aftertreatment system
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Fig. 4 Exhaust temperature trace with respect to time
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Fig. 5 Exhaust mass flow rate with respect to time

Battery

Heater
controller

’

1

Conversion efficiency
—| calculation

AF ratio o
sensor | e . R
g
Compressed air data
0 - i | o ] [y - ; e a
1
c -+~ COMPISS FO) Flow circuit 2
= - § sl ' e (compressed air) |

temps

CC1 Temperature Feedback =o'

Fig. 3 Schematic of the 1D aftertreatment system model
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Fig. 7 Gas flow rates of the two cases
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Fig. 9 CO conversion efficiencies of the two cases with
respect to time
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Fig. 10 HC conversion efficiencies of the two cases with
respect to time
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Fig. 11 NO conversion efficiencies of the two cases with
respect to time
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