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Abstract - To reduce the exhaust emission of cold starts from hybrid gasoline engines, a new type of EH-cGPF(Electric
Heater embedded and catalyst coated GPF) was developed and evaluated. In the proposed EH-cGPF, an electric heater is
embedded within a three-way catalyst coated particulate filter. In this study, the exhaust emissions of an HEV vehicle
equipped with EH-cGPF were measured in a chassis dynamometer under room temperature(20 °C) and low temperature
(-7 °C) conditions with WLTC. For the WLTC test under room temperature conditions, electric heating began 30 seconds
before starting the engine, and it stopped 60 seconds later, confirming that EURO-6 emission standards were met.
Furthermore, in the low-temperature WLTC test of -7 °C, electric heating started 90 seconds before starting the engine, and it
stopped 60 seconds later, also proving that EURO-6 emission standards were satisfied.
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Fig. 1 Schematic of the after-treatment devices developed in
this study, called EH-cGPF
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3. Results and Discussion

Fig. 5= EH-cGPF$} 7| 78 GPF9] %ol W& 2t
ool 22 E vepdnh 2phS Asake] 31435
Aze] AnEA FeFS T AAEH w2 Flo]
2] 3}t}. EH-cGPF2] 2} 250 kg/hr #8914 16 mbar
2 20 mbar?l 7]E A8 GPFEUF Y52 & 5 9
EH-cGPFi= 7|5 A8 GPFRE.UF A =7} 2 31, v 7
7} FRAARE 4 WA o] oF 15 % Z7] wiitol x}ete]
t] A7 2Fgeh= Ao 7 Helth EH-cGPFe] & %44
AsS fraFo] gl 92 idle 7 9] H-3K(13 kg/hr)©]
790l tisliA] vlaLstgich. A718Hel & 33 &
oF 48 VE Q171ske] ok 4.3 kwe] H71E Ttk
ol §1& W= EH-cGPF W &%=7F ] 600 °C7HA]
Festion, fEol Jg "W WAadE Al 550
°C7HA R} 253+ T EH-cGPF W -ol] A% 167 =

of

Transactions of the Korean Society of Automotive Engineers, Vol. 32, No.2, 2024 161



Sang-Hee Woo « Hyungjun Jang - Kyeong-ha Noh - Min-ho Lee + SeJun Kim < Hongsuk Kim

5= AlAf o] ElofE el efshi 33e] AFto] B

°F 150-200 °C9] &= AAFE 7M1= A0 LERT:
EH-cGPF 9| 2H7-2] 257} T4l -0 SEH T} shoto
ol o]t 4 E£io] A7) wEe
EH-cGPF9] 9] ol A4 AT ol A2 =0l &)
Sk el 2Rrh Y A veRgh AT H el A=

ol A7)7FAFE ] Z27] Wi o2 Bl E3h
Fo] gl 2ol EH-cGPF Aehy) slcke] &1 A}

o= & Akol7b gldTh fEol US Afole
EH-cGPF ¢t 2=+ t)7] 2529} AL o, slek
2523 330 °C7HA] 3538l Th. o]+ EH-cGPF YWl H.th
100 °C A% e 2 wolt} oAy -8 AnE &5
el AHelEl 713187t EH-cGPFE 2 7Fd3)hH,
EH-cGPF& & ¥ah= 37 % 53] 7k v o] mijE+tt
A 74 é o) 2= o]r)r

Table 1> 4220 °C)Z=71 WLTCS] #j& 7k~ %S 1}
Ebdith, AFsatol] 71 ce-TWC(ce-TWCH1 3} cc-TWCHR)
= B33t 7 9-2} ce-TWC Al o] EH-cGPFS -3k 74

S H W33 TE WA, 7] ce-TWC= CO, NOx, NMOG

o 1
il

70
a Typical GPF /
60 [/ — — —  Typical GPF regression curve ]
o EH-cGPF /
****** EH-cGPF regression curve /
50
s p
-~
o 2 e
g 40 $=0.00019x"+0.039x o
& R2=0.997 -
&30 )
20
10 | 1 =0.00011x24+0.042x
R2=0.997
N gl
0 48 ‘ ‘ ‘ ‘
0 100 200 300 400 500

Mass flow rate (kg/hr)

Fig. 5 Comparison of pressure drop with respect to mass
flow rate between conventional GPF and EH-cGPF

Table 1 Comparison of emissions of the vehicle equipped
with original after-treatment system and EH-cGPF
system of the 20 °C condition of WLTC mode

Emission CcO NO, NMOG
Unit g/km g/km g/km
Euro-6 standard 1.0 0.06 0.068
TWC(Original after-treatment 0122 0.001 0.006
system)
EH-cGPF Heater off 0.198 0.023 0.046

EH-cGPF Heater on, 30 s/60s  0.063 0.007 0.012
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Fig. 9 Variation of gas concentration of (a) THC, (b) NOXx,
and (c) CO with time in the 20 °C condition of first
300 seconds of WLTC mode at cold start
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Table 2 Emission factor of the vehicle with original
post-treatment system and combined EHC-GPF
system in the -7 °C temperature condition

Emission CO NO, NMOG
unit gkm  ghkm  gkm
EURO-6 standard 1.0 0.06 0.068
TWC(Original after-treatment L186 0.006 0.079
system)
EH-cGPF Heater on, 90 s/60s  0.758 0.010 0.063
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Fig. 10 The effect of electric heating on upstream and
downstream temperature variation in the -7°C
condition of WLTC mode
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and (c) CO with time in the -7 °C condition of
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Fig. 12 Variation of gas concentration of (a) THC, (b) NOx,
and (c) CO with time in the -7 °C condition of first
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