S | =

Transactions of CSICE Vol 43 (2025 ) No.1

5543 4 (2025) 45 110

DOI: 10.16236/j.cnki.nrjxb.202501007

ETEMGERRENIZEZEER RDE HE T

RN, RO, WIWE, KO, EHE
(RUEKEE AL IIRED 1) T A 50005, K 300350)

FEE: it — D O e PR A AR Se i 2 B, 8 T LUK ShL-J5 A 3R 10005 B0 R A% 0 0 26 FHHE BSOS
R BESEHEN T RS —4EER SERSRBES &SR HEMA B AT T X bR . S50 FERSCRRAT
BhHERECA (RDE) T, CO Fl NO fJsHE BFUTRAIXT IR ZE 433 9.2% ., 5.8%; HWHAT)5 Ab ¥R,
X AP . R AR TR B SR, AR R G T00 (WLTC) | 35s, —JofiEfbifbanth
M ARIRERZEN 52 °C, CO. NO WHE BRI IRZEN 0.038 5 g(5.90%) Fl 0.001 1 g(0.75%) ; fHJ5FIF RDE
HERCMAS BN AL 2 2 LIRS T, #E4T WLTC. RDE Fl 95%43- B Z 12 B 52483 (RTS-95) T4 AHERL
FUEHRIT. R B NO HEsow Tol s mfgusk, PR S, WE NO Wi i EHEAL BIEN 8 mg/s, LI RTS-
95 MEIRENHIE T 0.6 544 F A NO (5L N, XHEILA BN T 7 BUEa 1 5 gT, S5, 1
TINTRUE B 11 58 BB 23 AR H Z RS i ol B A A .

KB BRTEER MR AL e R SCRRA TR HE O s HER AT

FEES: TK411 XERFRERE: A XEHE: 1000-0909 (2025) 01-0055-09

RDE emission prediction for in-use light-duty vehicles
based on virtual simulation model

Su Qingpeng, Zhao Hua, Hu Yuxin, Zhang Fan, Pei Yigiang
(State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract: An engine-after-treatment virtual simulation model was built for emission prediction of in-use light-duty
vehicles under real drive emission (RDE) conditions. First, a one-dimensional engine model was built and cali-
brated with steady-state and transient experimental engine emissions. The results show that the relative errors of cu-
mulative mass of CO and NO emissions are 9.2% and 5.8%, respectively, under RDE conditions. Secondly, the
after-treatment performance tests were conducted, and the after-treatment temperature, light-off time and aging
models were verified. The results show that during the first 35s in world light vehicle test cycle (WLTC) , the
maximum error of temperature in the axial direction of the front catalytic converter is 52 ‘C, and the abso-
lute (relative) errors of post-catalytic cumulative masses of CO and NO are 0.0385g(5.90%) and 0.0011g
(0.75%) , respectively. Finally, the emission patterns of WLTC, RDE and standardized random test-aggressive
driving style (RTS-95) working conditions were investigated under different catalytic converter aging conditions
using the virtual simulation model. It is found that NO emission is more sensitive to the working conditions and the
risk of exceeding the limit is higher. The NO instantaneous mass emission threshold is set to 8 mg/s, and the warn-
ing window width was investigated for the RTS-95 operating condition with a catalytic converter dispersion factor
of 0.6. The result shows that increasing the warning window width will reduce the misjudgment rate and the recog-
nition probability of cold start overrun.
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Tab.1 Catalyst specifications
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Tab.2 Reaction kinetic parameter

SN . hfkrg/
)’)ZJ"’ 5 E,AIL
e V&7 R SR T (J - mol™)
R1 CO +0.50, CO, 5.542x 10°  121.450
R2  CiHg+4.50, 3CO,+3H,0 1917x10"°  129.530
R3 H, + 0.50, H,0 1.814x 10" 111.450
R4 CO + H,0 CO, +H, 1.800 x 10° 56.720
R5  Cs;Hg+3H,0 3CO + 6H, 1.230 x 10° 81.920
R6  2Ce05+0, 4Ce0, 2.943 5.296
R7  Ce0;+NO  2Ce0,+0.5N,  7.920 x 107 25.101
R8  CO+2Ce0, Ce,0;+CO,  1.824x10"  31.768
6Ce,05 +3CO +
R9  C;Hg + 12Ce0, 13.570 39.070
3H,0
R10  H,+2CeO, Ce,0; + H,0 2.845 31.768
RI1 CO +NO CO,+0.5N,  2.857x10° 52.374
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Fig.2 Steady state ignition calibration results of TWC model
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Fig.3 Verification of steady state engine out emission
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after catalytic converter during WLTC warming
up stage
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