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Abstract

Heavy duty diesel vehicles are currently the most important means of transportation in China, ac-
counting for a high proportion of NOx and PM emissions. Based on the actual road driving meas-
urement method (PEMS) simulation of post treatment emissions under poisoning and aging con-
ditions, a national VI heavy duty diesel vehicle with a technical route of EGR + DOC + DPF + SCR
was selected for emission analysis of different deteriorated component combinations. The results
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show that DOC failure produces more NOx emissions than SCR conversion efficiency reduction;
When driving at low speeds, an excessively high EGR rate can actually lead to an increase in emis-
sions; At present, the technical route of National VI can largely play a role in purifying exhaust gas;
The abnormal working state of any component will lead to a significant increase in emissions.
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1. 5|8

Har, REZmSEWITIIARKSHNE, gt 2022 EEEEIMFIZE S 61.2%, Bkt
Bl 73.8%. RERBIIEHHOIT R i F B TTER, ERSEM AR N H T R B s, BB
LI THE, PL20%MIHmtR AR, 4R T 80%LA LI NOK S HEHUR 90% LA 111 PM e HE[ 1],

BEE FERObRHE AW TS, BEECRIERIR . m R IR R SRR C Ry B Y S B AR,
AR TE . PR AR — IR AR 1S 2ER. 2018 42 6 H, AR KA GB17691-2018
(L B S 3 2 s Qe HE i PR AR B B 7R (R E S5 7S B B ) 5, NOk BIHE R PR AR 55 [ o HE b ™ 1
77%, FEHIN 7 A 5 45 2 HE U A R Gi(portable emission measurement system, PEMS)TE SEFRif 4 K4
B ER, BB, BE] MR ORI FRBAR L. RS EGR) + HAE L
#(DOC) + Wikiffi FE2%(DPF) + &£ LI JFE(SCR) [2] [3]-

B 2022 4F [H I E AL ORAG B 839 3R, BE DY [ i B E Y S RN W DR B S, 5 2
I 7S i 3 1 i R S b i O T A ) . EE RS A R P AR TR, 7R SERR S I R
TR IRR RS EART, WE ARG, SR h i, HHIRE Tats %t 5~10
fEUA b BT SIS R AR SEPRIE H PEMS LB, fEFEE BT RIS, RN LG A3 & D) e
AT AN RIRERE AL, @ W& — B AR 2 & B A A R SRR HE, PR TT S b FE 2% T R A HE )
SN, ONTE ) ZEHEU A RRR RIS T SR A — 2 MR AR [4]- 7]

2. SRRk
2.1. MRERRISF

AHIE 5T 32 B0 2 1 N HE SO (1) N2 2R AR T M g i 42, BUE DI 112 kW, KENHLFER 2.478
L, XM EGR +DOC + SCR + DPF [WHi AR EL, A W & E N ER T E5m, FEE LRSI S5
W3 1.

R & H126 [ BBK A 5] BEP-9250 H R EAL M I HLA H A HORIBA A ] ] MEXA-ONE flFit 7>
T RGEA R, BB AE R ASADL A= 000 P 08 - e S R

JERALI DI 2 3500~60000 kg, HEBUHT R G0 A 7 HAL AL i (non-dispersive infrared,
NDIR){ll & CO, 5 CO, K1k k Hid:(chemiluminescent detector, CLD)JI & NOy, &k Bk -5k
(condensation particle count, CPC)ll & PN.
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Table 1. Sample vehicle parameters

F 1. HEBH
EA B H
BRI E(kg) 4490
SMEERAE: K x B ox i (mm) 5990 x 2180 x 2355
IR A AL E 4x2, JEEIRZ)
RENHIE R FER I kinn
HUE TR /553 (kW /r/min) 112/2800
HEE (L) 2.478
Siida i 1l
WEM R Cu 24> i
2.2. PEMS IR

FIRE SPRIEZER, 2R 45% T X B, 25%Ti 508, 30%mnmEErE) N iz — 2 388 PEMS B4k
TSR, KT - BRI SNBSS, 1% 3285 kg MR, 28.4% M0 nEk s, KA
GB/T 27840-2011 HHILE 53 ZEAT 3 P ) REGHERE T ISR . @id OBD Wi {CREE CAN (55, f#fT
HSEHM . KIWLEER A 2 LA . RN . RN RS S48 F T SRR TR I AT
U3 2R BT Th[8] .

2.3. HHHEERZ*

AWEFLMEM 72 DOC. DPF. SCR. EGR. JREWIME LA A FFEEE H LIt Hh EGR F51Lid
A A4 K] EGR BT, DOC. SCR ¥RFIHEHA Eit &M mfE R TR A SN
0 i S R SR HETSCTS S, WAOE o 5 < R TR R AR M| S N AR, AT DOC RIREL 5L )& » SCR
M5t R IRBER IR T 50%. DPF 295 03 i sl b B A0 AR AL, A WF FE B b &0 : @15 em (H
12) x 2 em/6 cm/10 em (BRFZ)o AHF UL PR AR WIGEILAT 3 DWIGFFL, 70 IR L FLIE ZERIXAL I FE 1K)
75 B SR RS B gD A S 1.

B
U U A7

' gofi ;I;‘
B IE T I3 PR 2R EGR 42 JF /4 K ¥

Figure 1. Deteriorated parts for testing
1 MRSt
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2.4. BETFECHISBER 75 E

LV KRAER) PEMS SR, 00 7 6 T8 6 01 ke SR, BERA A0 1 3t 2 7E 90% A L,
A 2 PEMS fEFR I HEHURFEIEAT 74007, #6007 PEMS T 050 00 skl 5 S 25 0 2052 HOHE R
KOF. B CPPIITER R T R AR TN 20% 1967 1152 SUMA B0E 11, X RN 3340 T 49 T 33/
B O RS B SR RO R B T 20%Th R B BER, K RARTIE . B
BARWNIE, #55 PEMS RIS HITHEL, 10 SEEBRIOHEIS B 5T R 45 R L BBk . ARFA R
PSR T R . RIS AR, O IR S MRS BRI, SR PR AT e/ B
ST EEHEHO 077 2R B AR HOK T, SRR S5 AL BE 4% Th A 35 A HHERCR B [9] [10].

2.5. NI TIE
IR E L 2 TR GV EREZE G, S5 S e () SR BF il 2R A0 R AL Dh AL 34T 258, SEATHE
BAEREE, KAR—2Z280 R R, FIESm >N —8, FEWaefifEiE SieEssm.

Table 2. Overall experimental situation
F2 BB R

P T H
Xof HR2H Te i
DOC KA (RIFH 4 )E)
BB AR SCR HAL R FFAR(DT & R iR BRI )
DPF #4498/ - ©15 cm x 2 cm
EGR @4 JF I~
EGR #4256l
DPF # 4k /b> - @15 cm x 6 cm
DPF #fAjg /> - @15 cm x 10 cm
SCR %1t +EGR [®4 ¥
SCR %1t + EGR [®4= 5%
SCR 4 + JREWEME(FAFLIEZE)
SCR M + JREWEME(CUFLIEZE)

ENEEA it

I

3. ZRTL
3.1, BHUMEHRS T

3 1L, CO HERUK LI RAE Y 3.86%, 0.95%, 1.08%, 0.81%, JAELE—NEARKIHEBUK
o RFAE RS R SIHL S AT WE 2 BR, REIBLSATAE 20% LR I 1] &5 Eik 21 40.8%, B T8 A%,
RENHLI = A LU, MSMAATE L B AR < 1.5 B, RUS e Lol R A 2 sl Ak Co;s H
AHERIN, DOC R 15t 4@ X T4k CO A HRIE .

PN #1 PM [WHEAE DOC &%0F1 DPF # AR 5 B R 0, PN BO0 FAL 4 A3 0 17 11 £5 A0 1222
f%: PM B HRAL M HIIGIN T 4.3 f5F0 5.3 fis. A7 WL DOC &AUJ5, PN HIKMFZEF N DOC AREitE
SRR WA, TR MR RE AL 1) NO tBANRE AL NO2, EUf# DPF HE y FEARA
Rl 2 1) NO2 A6 gD, BRI T DPF #4003 . 1fii DPF BEJR 2QE AR 1 45006F B S00RE ) 4 2 A0 b 31
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Table 3. Statistics of emission results of single deteriorated parts

= 3. BEUHHMES RS

B DOC 5% DPF # {4y /> SCR AR R Xt HE 2
CO (mg/kWh) 231.3 56.8 64.6 48.6
NOx (mg/kWh) 2079.7 288.4 1253.8 249.9

PN (#/kWh) 3.32E+11 5.12E+ 13 3.01E+ 10 4.19E + 10
PM (mg/kWh) 6.135 7351 1.547 1.385
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Figure 2. Real time load map of engine

B 2. & ScEtfater &

T # DOC F1 SCR L5, NO FIHERCE SRIBE I, #exf BRZH /0 338 n 7 8.3 £%40 5.0 £%, H DOC
J2 L SCR B RER FRAL = A21) NOL FEE £ . X B DOC XS+ NO WEAEH L vER, K3
FIE 4 H NO F1 NO, FIBE L ENE TiX— 4, JEHEF NO 5 NO» FILLEZ N 9:1, BEIHEAL 2% b Rk A2 1)
FERPRAE SCR [, MMNEFR(R, KRMEER, AFRTF RGN R R

4NO + 4NH; + O, = 4N, + 6H,0

M EH TAER) DOC 1 LME A A 1) NO, 5 LI N, {# SCR A {7 Hi# SCR M, FoiFFE AR

MNIRE R, HERohiE R A, RN R R
2NO + 2NH; + 2NO, = 4N, + 6H,0

XFEEXTHRZE, DOC KRG B NO B Ao E T & 7 12.3 %, NO» &t | 1 5.1 5.
3.2. FEIFSHEESEHER T

7% 4 AT W, EGR MJTFREEXT NO RUSmI Bl &, X5 EGR HiRM TAEIRBE BAHL . REWUIREEG
FES A S EREH LRSS, B RAEFFENIELT SRS SR E G, AR RRK,
BT, SRR R mR R PR A R0EE R T NO 1 iR E AR A Ak A

DOI: 10.12677/dsc.2024.134018 185 N1 RG]


https://doi.org/10.12677/dsc.2024.134018

ML 5%

—— NO#HK-DOCH 1k

NOHE-X f 4L

0.07

0.06

0.05

0.04

mg/kWh

0.03 |

0.02 J‘

‘ J&"M | \ulq
|k O

T
0 2000 4000 6000 8000
BF A /s

I ‘
‘\“\\‘\

Figure 3. Comparison of DOC Failure NO Emissions
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Figure 4. Comparison of NO2 emissions from DOC failure

[& 4. DOC L3 NO, HERIXTEE

Table 4. Statistics of emission results of deteriorated parts with different degrees of deterioration

F 4. TEHURRE S UHHRE RS

B NOx (mg/kWh) PN (#/kWh) PM (mg/kWh)
EGR {4 I~ i 375.3 3.10E+ 10 12.568
EGR @45~ 3145.7 2.14E+10 0.583
DPF #4950 -015 cm % 2 cm 288.4 5.12E+13 7.351
DPF #f&5/>-®15 cm % 6 cm 301.1 9.46E + 13 9.153
DPF #H &8 /D-®15 cm x 10 cm 261.9 2.18E + 14 14.572

EGR &4 JTBEAR 1 GL AR ROIRE, X NOL A=A i/, B NOx ) tl:ﬁliﬁﬁlrei‘% 5 JHALR)
1.5 fif o RBESEAEEAT 20 Beor i, EGR R4 TT I F(RIE B NOx HEBCA O IR 2.19 £, W WL HT THL A
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BEBEIIR E FA%, 7F PEMS TOUSATHAN, J5ARERK-F 3500 B P X (F R TE R BOB 1T, (kA%
LA NOK B AW RCR PG, AMIMHzm 7 EGR R4 TFI NOx I LLHEB . 7E5EFRIZ 1T T, EGR %
L% A HE TS e A RO E L AREAT 3RS, EGR e i S ifif 23 3 B a i, R KWL # A1 EGR
A LUTC A i S 0 b 2 AR R

W 5 AT, P B NOL HEBUR T X R4, X B A 6T BRI (T s NOK AR Bl —
R eV E 458

EGR MFFFEH 0 B, AR HENTEL, RETHTATER S WAL, SRR 5 iR
FEFH s i TR AR INE] T NOK IZE R, &l 6 # iy i 245 o 7 4l B B KE T+, A EGR 1R/ 4
JEAIEL, EGR 45611 NOLHERUGE K T 6.45 5.
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Figure 5. Comparison of NO2 emissions with EGR valve fully
open
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Figure 6. Comparison of NOx emissions in different states of
EGR valve
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Figure 7. Comparison of filter paper soot in different states of

EGR valve
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AN SRR L) DPF #iikJm, NO« AL AR, Wnl&l 8 Fos, BRI ECR A0 A7) i & 1)
A EREFERIIG N, w] ILEE A 2P B G R BRI K SR R 2 25 . AR, BE%E DPF #51uis
FERTIRRL, PN Je2URlgm, PRI PM KO R AT E .
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Figure 8. Comparison of DPF carrier reducing carbon smoke

[# 8. DPF i L R bE Xt b

3.3. BRA S LHBEHE S 4

N DR E RS G s P i R T, 5 A B AL B HERCE L, X 320 NOK HEUH & 70 5401
BT, WIEBHRET, NOHITBKEBALEOL, LIRS RUWIE 5 Frs.

SCR AR FEARAT EGR W4T R RN AR 2L, 44000 B HERUE I oF AN e, AT EGR 1
AT R B — R, NOK B EEH S N T 9.8%, — %L U — S BB L R AAH ) . X U B AEFF
BUBARHITE LR, SCR LR NOK FIHEI 4SS SR AN
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Table 5. Statistics of joint degradation fault emission results

*® 5. AL UHIEHIRER G

FACERAT

NOx (mg/kWh) NO (mg/kWh) NO> (mg/kWh)
SCR %1t + EGR 4T K 4124 110.9 301.5
SCR %1k, + EGR &4 =k 4026.7 23224 1704.3

SCR %k + JREFMWIME(RFLITIE) 3576.9 1958.6 1618.3

SCR b + JREWMECUFLIEZE) 8768.5 4689.1 4079.4

350
[_1NO
3004 |1 NO,
2504
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]
on
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£
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EGRI® 4= %4 SCRAEGR I 4 %R i

Figure 9. Comparison of SCR + EGR combined fault NOx
9. SCR + EGR EX & #(FE NOx XfEE [

4k 9 o, SCR HIFZ ALK FEIRAT EGR 18 4 5% i[RI AL R, 2R 0 ELAROE IO (2%, #
BT EGR 42 R i 50— i, NOK (9 EL S IN 1 28.0%, H— S AL R R AL 1 b LB 2 38 T,
R LA AR ARG AOME BRI — E R A R R, Bl — AR SR o L
By, XU T S S BIRBE I K, PR SCR RN A IE TR M R 2 IR, RIUEA SRk
SRS P A AR S AT AR, 47 SCR TSt &R IR B 2k 2R MK, HEEE R 5

SN L.

Ik 10 froR, £ SCR HALHITEAL T, PRECIIME A [T L (4% 28 22 B3 3 30 NOx HEU T, FAL
1 FERIAALIEFE [T NOx HEIL 77972 SCR 510 2.85 f5 41 6.99 5. HAREE . rhidB. wmyig By fit
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Figure 10. Comparison of NOx caused by SCR + nozzle blockage
combined fault

& 10. SCR + MEMEHEZE RS HIE NOL XTEEE]

3.4. RS

AL T 5 SR BAAE, AT T 11 FAFE S ARG PEMS PR HEBCR S . 40 1 N
FIRBRM SRR A . I R K SRR A EA . SRR SRS T A AR R 5 R AR R Ak
RGN, LT SERR A A I AR 2 S B A HE RS B

ZEREIR, PN A NO XA I BURFEEE IR /7, CO Al CO, BUBFE AR . 7E R TARIRE T,
EGR + DOC + DPF + SCR M R B2k e i 1R AFEE B 2L HE < ME R ; DOC § DPF f1 SCR %t
RO ARAE R, =& S5 A5 NO FIBRMA 115 b 8O I 2, AT — 3B (1 25 4 R 2 5 ECHE O 5.3
B EGR IR BEE 25 & R AL 0T 4%, AR EGR RIJTEEA REAETS S RRAK, SN2k
FEFH S MEH

4. g

1) KA EGR + DOC + DPF + SCR H{A [t 28 1) 55 84 58 1 25 R 8 LA 4 ) R4 I HETSUK T

2) JeE A EEEA I 5 A T B R B A AU, Sl I AR R IR, NO AR (1 HE ik 2 B 2. 48
Jns Hd DOC R SCR FAL R B~ 2E 1) NOLHERE 2, (REATIE, EGR il & i< S 28HE
G

3) FREFIA B o B 00 i AL B R e B, ) TR R B 2R R SE R R B L, 7 4SS Ak B v
FEAR NG LT BB I e FE e RIS PR 3R S 2y S M A

4) B FUE I G50 AR B 2 HA M — M, S8 45 B6T T At HE B AR AR B 4% 11 2 20 S 3 22 103
FAPEIE 75 32— P BIE .
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