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Abstract : This numerical study aimed to enhance the design and heating method of an electrically heated catalytic gasoline
particulate filter(EH-cGPF) using two-dimensional(2D) multiphysics models. This EH-cGPF incorporated a three-way
catalyst(TWC) wash coat on porous substrates with electric heaters positioned between silicon carbide substrate plates,
chosen for their high thermal conductivity. Initially, the 2D multiphysics model was validated against experimental results.
Subsequently, it was used for a parametric analysis focused on variations in filter layer number, heater power, and heating
duration. The analysis revealed that employing a heater power of 4 kW for 40 seconds effectively raised the volume average
temperature to 143 °C, achieving a 15-second performance gain compared to configurations without electric heating. This
study underscores the potential of optimized heating strategies in enhancing the operational efficiency of EH-cGPF systems.

Key words : Electrically heated catalyst(7]7}84] Z1})), Three-way catalyst(~FZ1l), Multiphysics modeling(THEE]
dl=]), heat transfer( B4, Gasoline hybrid vehicle(71&® o] B2 & 1)

Nomenclature 1. &2

GPF : gasoline particulate filter AA Zr=r2 A7 As=ke] vl 7] F A& THSA
HC : hydrocarbon 7171 138 Fvll %5 S v E8le] vFst A A
SCR : selective catalytic reduction E3ka itk
TWC  :three-way catalyst AL 7HE Y QXS JAV =4 AIE WA
EH-cGPF : electrically-heated catalytic gasoline particulate {13l 71 n A} BE(GPF: Gasoline Particulate Filter)

filter = sz AVt o] & 93| vIEsE(Metal-foam) S
siC : silicon carbide WS e FAlE &8sk vigA 2y A9k A
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o] AghEe 2ol HHEgth &3t SX=(LOT:
Light-Off Temperature)= A &8-0] 50 %ol =3t ujo]
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As Al A o] 48t Jiang 50 dtolB = A}
ZFol 4-5- F CO%F HC WA EFo] 742} 14 %2} 25 % *t
A& Ao 7 FZYPrt o] & fIgk Wte® 7] SHE
shel Sl oA sk Wi ol AlAIE a1 A th® Nazir 57
X el= 319 Zul|(SCR, Selective Catalytic Reduction)
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&9 1) 2} E|(BH-cGPF) A7) 4] 3lo] g3 A7t
7} v 42 A7 4 Qi
2. G

2.1 HE A3

slEl 9] 719 %52 B91el7) 918 Fig 19} 22 219
F2E FEETE EH-cGPF2] Aol 9123k gt
20 °C F7]8 T3tk EH-cGPFe] F-thell A7)
2 AN A Zv) B E ) v B7)e) RS
=439,

EH-cGPF+= SiC(Silicon carbide)® A1 ZH¥] 21T} SiCE
& o3 2= gA XY =4 D E(DPF: diesel
particulate filter)ol] AF&-% 31 it} # -2 Y ==
o] 2hel Fmjel FA 3k WA 0w Al o] 4kl o
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Fig. 2 Internal structure of the 2-layer EH-cGPF
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Table 1 Electrical power to the heater

Time Voltage Current Power
(sec) M A kW)
70 10 229 0.23
130 20 477 0.95
180 30 72.7 2.18
430 40 98.7 3.95
550 48 118.6 5.70
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Fig. 3 Front view of EH-cGPF and 16 thermocouples
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Fig. 4 Internal structures of 1-layer, 2-layer, 3-layer filters
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Table 2 Energy (J) supplied on the single heat flux in the 2D
model

Power (kW)

#layer | Time(s)| 2 3 4 5 6 7

1-layer | 20 541 | 811 | 1,081 1,351 | 1,622 | 1,892

25 676 | 1,014 | 1,351 | 1,689 | 2,027 | 2,365

30 | 811 | 1,216 | 1,622 (2,027 | 2,432 | 2,838

40 1,081 | 1,622 | 2,162 | 2,703 | 3,243 | 3,784

2-layer | 20 1,111 | 1,667 | 2,222 | 2,778 | 3,333 | 3,889

25 1,944 12,917 | 3,889 | 4,861 | 5,833 | 6,806

30 | 1,667 |2,500 | 3,333 | 4,167 | 5,000 | 5,833

40 | 2,222 (3,333 | 4,444 | 5,556 | 6,667 | 7,778

3-layer | 20 1,667 | 2,500 | 3,333 | 4,167 | 5,000 | 5,833

25 2,917 | 4,375 | 5,833 | 7,292 | 8,750 | 10,208
30 [2,500 | 3,750 | 5,000 | 6,250 | 7,500 | 8,750
40 |3,333 5,000 | 6,667 | 8,333 | 10,000 | 11,667

500
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400
350
300
250
200
150
100

50

Temperature [degC]

0 30 60 90 120
Time [sec]

Fig. 5 Exhaust temperature at idling with respect to time
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Fig. 7 Exit gas temperature distribution measured by 16
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Table 3 Statistics of the measured temperatures at 5.7 kW
from 16 thermocouples

Parameters Units Nominal values
Maximum °C 597
Minimum °C 177
Average °C 386
Standard deviation - 127
Max-Average difference % 55
Min-Average difference % 54
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Fig. 9 Temperature distributions of 1-layer, 2-layer, and
3-layer catalyst plates under 4-kW heating for 40 s

Table 4 Predicted volume average temperatures (°C) at 10 s
after engine start under various heating powers and

durations

Total heat | Preheat Power (kW)

duration | duration
© ©) 2| 31 4|5 |67
20 10 88 | 98 | 108 | 113 | 123 | 129
25 15 87 | 100 | 112 | 121 | 133 | 145
30 20 92 | 109 | 124 | 140 | 153 | 162
40 30 102 | 121 | 140 | 164 | 175 | 179

Temperature distribution Tmin Tmax

(s) (°C) (°C)
30.2 31.0
36.9 37.7
165 167

226 229

378 380

Fig. 10 Temperature distribution in the two-layer catalytic
filter
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Fig. 11 Predicted temperature traces of the overheat and
underheat cases under 7 kW for 60 s
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