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Abstract

The paper analyzes the differences between China Heavy-duty Commercial Vehicle Test Cycle
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(CHTC) and C-WTVC based on cycle characteristic parameters. The heavy-duty diesel vehicles were
tested using a chassis dynamometer to characterize the effect of the ambient temperature, cycle
characteristics and aftertreament on the gaseous pollutants and the occurrence of nucleation. Re-
sults showed that the occurrence of a nucleation mode could be predicted based on the level of
catalyst, the temperature, and the sulfur/ammonia in the aftertreatment. Reducing the sulfur level
in fuels and lubricating oil can effectively prevent nanoparticle formation related to particle filters.
Ambient temperature has no influence on the >23 nm particle number emissions, but has signifi-
cant effect on particles of 10~23 nm, this is related to the formation of ammonium nitrate and
ammonium sulfate. The 10~23 nm part accounts for a high proportion of the total particle number.
Including the 10~23 nm part, the C-WTVC and CHTC can meet the current regulations at low am-
bient temperature, but when the ambient temperature rises, especially CHTC, the total particle
number will greatly exceed the limit. CHTC’s NOx and fuel consumption are higher than that of
C-WTVC due to its longer low-speed period and more acceleration and deceleration conditions.
CHTC'’s low-speed acceleration cycles are the focus of research to reduce NOx emissions, and the
high speed cycles are the focus of research to improve fuel economy.
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DATGYT N EARIAEE . GUFRIARTE R B . JEAGTE, RREEER T 40 77
NH S5 3 FBOL FIET, 75A 650 5 N2 S0 Geifi [ 1] ek i 2 Ui & — B2 & EIBOK
ST BN BN J) o T B AR P R I T SR B R B kIR —, R SR HEA
W I R N . RRPHIREE E (EEA) I H], 2015 41 B i ] /2 NOx S HETSCE: 1) e K DTk & AR ik
HEs s — R vtk [2]. BEFCAR i a2 LA i S it P IS S i e A B 2 SR A B A T i, (H
T ISR T AR TS G HE U £ B TR 2 — o R HERE RIS, (H3 T NOX IR T Ak T 5%
mKF, TERRIEE EEER . A, SEl R EhLE R B TTERE 3]

T b 4K 2 H50E AR AR A 5 R ST R ELERSS, ARKIN ], R S 2R AN 5 4B 4%, (HE)
21T YW AR B SR HEA BB IE (4] AR b [ AR A IR R W AAG 1Y) o RS Bl YR A B A H AR R
(2019)) “iit: 2018 4 LML FEIRA & 9.1% K54 ZEHH 72 369 3 NOx 1 42.2 JFHEFRid), 43
AL EHERUS T 70.7%F0 99% LA 1[5 Hh B AR AR F 1 50 A 1) R HEGE I, AR IR E L
HYI(HC). FUKI)(PM)FI NOX [ 53 kg HEBOR 1, RN E gl T B RTRL L (PN) R #1, FF9 NH3 FF
R E T BRAE . BRI T — ZR A 283 PR = SO, 048 B B 424 1) — S I LR I, il
IRAZ T 2025 4EAN 2030 4F S ALBRHARI A AR = [6] [7]. E P 2021 ETE 37 1 ihkEFRE GBT 27840-2021
CEE TR FH ZE AR FE 0 5 7025 ) FF 1A ) WYy B e PR o v B 2R 1 AR R b FE = PRAELD
DABR 1l =S A BHE R EVRE AT B G AT A A B A, RN LA AN R St R w1
R 2R THL(CHTC), CHTC JEA S T 2R 7E Hh (B B M55 REREHE R SEBRR I 1%
G L], e A R A AR S L (C-WTVC) B BT Se bR AT B, B A S Ml 240 52 s 474 1E [8] [9]

[10] [11].
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BRI () 50 BT R B T S LSR5 2 (PM) S, ot S0HE BSCHE TR i 90 32 B2 B AR (52 SN
TRMNFEL < 100 nm K)o Sl fE b #EEE ORI U8 2% (DPF) AL £ M (0L R (SCR) E 22 A T
/2 PM AT NOX HEilchriE, DPF n] A 280 SR A [ AR RURL, ELAE 400, 7T DA [ A4 Rkar 4 2 11 i
HHEBCE IR LA RS . 2 Bagley 25 N[12]1F 7R, DPF fERE L R nf DMR I B2/ T
20 nm [P R VERR B AR AR O 7, BT 38 I SR 7 20HE . Vaaraslahti 558 A [13]/%F 5T UE R T DPF 3
DZ S TR R e il A o BedEAT 1 RE, (R LR ML BRI A8 2 15h 1R 1 A A [14]-[19] . NH3
W R R T BUE BB BRI, R 264 S L FE FE I ANE 28 . Liu 5 N [20] 1035 FR, B AURZIHLIK A
fi CHLHEFH SCR I, PM HEEF#AR T 4 20%. Vaaraslahti 25 A\ [21]7E & SHHUE G KL, 7£ SCR &k
HEAFIARBN TS, RN PM A5 80 R AUBURIR FEFEAIC T 30%. Al Fe & W1 [22] [23], KH
SCR AL MEATFIA S A 7 3K, ORI EOR o 2 A HE 2 = R B =A% . 7E SCR & DPF HZE &R E
H1, SCR Al PM [14] [24]. B0k #k[25] [26]F0 [E 4Rtk & > 23 Gk Ak 2415 hn =% . £E/DHf5 0
', SCR s DPF T O B8l o 38 m 1 AN A B [27] [28]. 576 SCR MCEAHEL, B SCR
PIZERHES A PM & 58 i LU R A R SR AN o, s 2505 = [29]

TS bRig AT PRI AR B, RIS S AT 5T B 75 —10°C ~+35°C (il BEVE [, A EERF AU
G B 2 B K AN A L X 4 A 1) S ) o BR300 P St A S 516 S8 i) 3 S 35 A 7 2 A () 72 [30)
[31] [32], DAyttt F Py 2 AL S HALAC & S IR IE A SR I S A A PR . — MM &, TERRIRE T
Hecem, A2 RENNIAE T =iy, KBRS RS SRS R AR, PRSI 2 e I BRI [32] [33]. ¥
ZWARN, T BAR PP S A G B IS AT AR BUK[34], BT LRSS S TE R I8 K e W ) Lo b
PR o AELIE T 168 00 P 52 i R 3 AN IR o 38 It PR SR B HE R 3 i [35], (HIFEAN 2. S 4t
—ANWF TSR LRI I AR ERR < 23 nm fBRI[36]. FOLHIRFALRE, 78R R W
e, AL > 23 nm §EREYDIR R IN[37], 17 H. < 23 nm R B G EAE BE B [38]. KT CNG k3
ML, WFFCR IR 2 BOBR HERCE /N T 23 nm [39], X 51 7 PR RER T M i i 5 E

ARSI H AR AR A DI E3E T C-WTVC Ml CHTC, WFFtAERiR . Tol & LA SEiE Ak
B S HON B R ST ) BABRYI(BHE > 23 nm A1 < 23 nm) FIHFERISE MR, 20 b AL
B, AR LU AN S0 HE R B0 DA R AR A B AR S AR AR A

2. AIRESHEAR

RGN — G 49 MR35 22, HERUK T AE DS b, 285 R shpLEUE D3N 314 kw, 5 AR = DOC
+ DPF + SCR + ASC, T.#t%H C-WTVC #l CHTC Fif, MG EVERI-15C~+40°C, {58 TH Wi 1 fris.
TRIG VA% A5 DU K AR AT AL BEP-9250 72HDD-AWD. & il i) B K IR IR 55 /1R (—40°C~+60°C) . BRI 4
SHT RS AVL M.O.V.E, PN Fikiit$as 4% AVL489 (>23 nm)Fl HORIBA MEXA-2000SPCS (<23 nm).
Table 1. Experiment condition
F 1 WIETR

T S b PR A = IR E(C)
C-WTVC/H [E T DOC + DPF + SCR + ASC —15~+40

3. &R51HE
3.1. Hip R
£ SCR RGN, REKBEW P IREFEEEF w28, EEA7 BN NH,,
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NH; 5HAF A ELI(NO > 90%) A& A LR B (1)~(7) . LA (L)1E R B, R B & 1 AE
300°C~400°C 2 [a]  {H ZEAB S BRI AT Hh HE AL BE 8 5 A, BT LSO () SE PR 22 bk s i 3 (1) 32 Ik
FEIXFPEHL N, SON(2) 75 2245 BE R &K NO I NO,, R [ Rd 26 2 H NO, % ) o £E SRR B A
AL (DOC) K N NO 1) NO, ek, 1 & 1) NO, K AR S M. (3) 5 NH3 M

4NH, +4NO +0, — 4N, +6H,0 @)
2NH, +2+NO — 2N, +3H,0 @
4NH, +3NO, — 3.5N, +6H,0 3)

SCR R4 IFURLIE BUA R NHz 5 SOz il NO, (IS, AR S5 W 20(4)~(6) 73 Tl T2 5 it 1 e R i
B RAPRRESERIIERS HO M =J0Mit A K, Bl Hy0-H,SO.-NHgo HUE T, # & VA
W K P AR EAIE 5 7 Seam LR S R T S NH 5%, 43R EACT 170°C LR, OBi(6)FI(7)BE
B PEHER R I TR . TEX PR, TR AN AT e 3 BUHTRRL G TE B, 17 H DA AR B A T 2 AR
RIEMEAGFIILBR . FERIR(>275°C) I, RIN(3)5 S BE(6) FH(7) 5% 5 Fil A TRk 8 il R i T2 R P DR

2NH, +S0, +H, - (NH, ), SO, @)
NH, +S0, + H,0 — NH,HSO, (5)
2NH, + 2NO, — N, + NH,NO, + H,0 (6)
2NH, +2NO, +H,0 — NH,NO, + NH,NO, @

3.2. X}iBLAFRIAYR M

EARMREE T, ERSWBETRIRE, —SIERVEYICR A ARG EEN 5], B0 H,SO04)
AT AW B sl v e A [ SR AR BRSO S )45 R MEAZ IS ORE (U ) o [RIUEL, ZEA BRI TE RSy, 18
APAE =P QR R A . RS, FEAEH RN FURSE, FZ i S iH R AR R 2
FROBREFRE ) LA S B TR JSU0RL 5B 45 Ak 2 R IR R R A 2 o 7 FC 2% 10 S5 AL 3R 1) 283 R sh LA,
IRt AN, AR AT LLZEE AT, 1K 2 BUR BAFE TRURS T, SR N2
WA ] o

WA SN (4)~(7) P LATE H A S 0 (1) 5 B2 A i i vl e R e R i A, B 1 BI§F T
BRI RS BE X HC F1 CO 52 . BT DOC X HC HI4AAAE T, PIFF T3~ 1 HC 39U, & 2 /& CHTC
5 C-WTVC s thzk, MIMTE, CHTC @47 i AF1 BLRRHRSE N, Pyl FERRAR, s B AR ig
FERMEHE S, HhZRB AN EECR, [FI CHTC fICis Brd B2 AR,  AH IR A5G IR B2 I HE R FE AR SR O ] 3),
Fr DMEAG TR P, PRI CHTC fEAN AR AE T HC 3488 & T C-WTVC, {HIREEFFAK, A2 Lk
T2 MBS RIURL ™= A2 3 2 PRI 2, g7 [R) 420 BRI 2 A M 2 SR A 1) 2 SRR« SO, #ETRLE 9 370°C~450°C It
A DAREEA A SO, 1T SO3 TE/KEREMIAELE N5 5 k%, DRl G A LA TR () 7 A 75 B e = AN R R, BRI
AT, BRI, DLRCHESUR R, FHEEARIA I 4 s,

TEMRESIR /T 40°CHY, CHTC ) CO Wl & C-WTVC, HIP CO IR 3= B vk i T AR
1228 12 C AN 1400 K 42 CO [7] CO, Ak mls FHRE, iR KT 1400 K B, CO [k & SRl
FFte R TEMIEE T, OH Wb A BRAK, 171 OH ZEMAE(E 2 CO AL CO, L E AT
T 07 R AREAT B 38 S IR B 2 IR T, BT DMIKIR BV 2 (1) CHTC /R BRI LRI CO HE
R, AHMEEN 40°CH, EARIRIEF T A T RN IR A, LR BRR T B AT,
B TR A SRS, SN THINTR, BT DR T &, HEGREE R, DOC &rkmtk, Co Hit
FEA
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Figure 1. HC and CO for various cycle characteristics and ambient temperature
1 {ER IRFIFEIRERS HC 1 CO BISZNT

1 00 T T T T
—HETHR
C-WTVvC
804 v g
=
T 601 .
=3
g}
H 40+ 1
204 .
0 - T T T T
0 400 800 1200 1600 2000

B fr)(s)

Figure 2. Speed curve for CHTC and C-WTVC
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Figure 4. A basic model depicting when nucleation occurs in heavy
duty vehicle with aftertreatment

B 4. EREFFAERFUESTAN RERRE

5 SRAEIR T 5 PR I X HE AR R . B @), MR TAEE, SRBEIE TR, >23 nm
RRL AR FEAN K, R > 23 nm [FIORLSZ A0 RS/ o 1K AT TRULIY, BN R ZhpLETAA
T AT R G4 1 SRS IR B2 o (EIRBEIR X 10~23 nm R RE AT 5 2 50, 17 EL AT BAR B, 10~23 nm
PRI AR 2 23 nm LA EBURIA0 LRSI HLBEA PRI B 00 m i K. B TRl R, OB (6) R
(DIEMHESEE R BONTEER, BRS(E IR BB R, TR R (IR K T 170°C i A 42 LA 2 B A7
16, TERiRET 23R NO. [FI, TESERRIZATH, ASC MIAFETERERE S NH, Mt EZE 75 10 ppm BAF,
IR I B % BR AR ORI O T . MR 3 HESIR P 2k B, C-WTVC TUUEARHIAEIEE T SCR i EHA
Bim T 200°C, B AR I b A B A R B TE A AL SRR T 4 . (H CHTC W TR B 2, BT UMER 4
I () N HFR R T 170°C,  AHEREL RT3 nml g & ] 5(a)® CHTC bt C-WTVC L 10~23 nm

B AR IR RS A R W B R . AR 1Y R BRI e S R E R, RN
T 77 P B 523 i v 10 A0 2000 ppm,  HLIETE I FE RS T RENEFER 0 0.1%, WIESF IR & &
2175400 ppb . FR4E B (4) F(5) 24 NHa A X 78 &2 B, 7EAE A RIZR T SO, & SO [ AL 3 % 212 30%~40%,
A R T IR BRI, TR DPF 23 e 3k R 5 J0URL I T 1l o

SO, AN SOz HIIEE X [8] 9 370°C~450°C , M| 3 HEAIRLEE M1 28 mT 01, PA5E IR B T =y HE SR B 3G
FIT- SO, ] SOz A4k, LA 10~23 nm BRI E s T & . [FI, Wl 5(b)Fi(c) o, AHIE LHLA, &k
Bt <23 nm RiAR B BRI A B TR By, L HAE R ESIR AL T 30°CJE, X B T il LR R
L, PEIRE TSR TP IR RN, 4i% SCREPRIT 8], 8 PR ZXm 5 i ) K TR BR

6 fon TAFRIGIE A S BT E T 10~23 nm F0RL 5 > 23 nm Bk o0 2. K AR, 3%
B FEAR T 40°CHY, CHTC 7RI Z /KPR 2 x 10" DL R L 5, C-WTVC T fER KN 2 x 10
A5 x 10" XA E B k. FESRBEIRAE N 40°CHE, PRF TOLHIIREE KT 5 x 10M ¥ L 3545w,
Jed e CHTC, REE/KF#E T 10, MaHEE EE (X 5(a), BT 23 nm K45, C-WTVC
A CHTC THLEARIAEE IR 5 B v T3 2 2 BV PR A, (RS BRERIR B T v, JUHR CHTC T, Fik:
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Figure 5. Ultrafine particle for various cycle characteristics

and ambient temperature
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W 7 fon, AR TR NOX HEsGE . X B T A A R e, BESRE T A
BT R s SR /D, FTPIRA SR R RElm LR X3, Aril NOx AE meid == 5 i,
SRR AHSIE . M FEPEERE T, CHTC ) NOx HESCE i, e Tit, CHTC (¥ NOx HEB 3
BT C-WTVC i, —J7HA CHTC RHIZ 4TI MK, HESEZAC, SCR AmiRE, 55771, #H
Pl T, BRI TOUAH 2, TSRS MBS SRS, I0is Tol 5806 i im <R
HAWREEN, R XN, S E NOX Az el Nt a2 PO ICE I BeE <R E %, SCR i
PR NS, NOX FALRCEAR. A RIS TA, & T NOx HESCEAR, — 7512 B 9 HE % & SCR
MR E R, SRR R TOUEAR e, RN iR B s Tolsaxt g, #h A m R
SRR, BT TR A SRR B, NOX AU R K. [FI, ®idB CHTC ) NOx HEiUE & T
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