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W OE LDCRAYE B rEGRHA /A /AL 5L TWC HiR B4 . H W 2 B 7S HEROhR M 19 B BUBR SAL R AT 5 X 42,
T RGBS LG (WHTC) TOUX BB 44 P ARR R A5 . HERIRE . BRA 510 N0 HEik
R T E BT . SRR N,O HE AL P AR WHTC 3T TALHT 140 s, #4ZS WHTC S HE & 29 2
B 1%; SR X NO B A — B, & N, & AR VE G25 A8 . S NLO HEBOHk B 3 & F LNG.,
CNG, IR HER & 4358 15.3 mgkWh', 9.6 mg-kWh™', 7.5 mg-kWh™'; N,O 4 i 5 EZ A, TEAER
X [H] 24 160~350 °C, =i < N,O A i ; N,O 5 NH, WA UAAETESE G+ ¢ R, & T 400 °C BF NH, A& B 38 o
AHEFE ] Ry AVRSHLTE e W) N,O IR kil =%

KHEIR  EARRSHL; —ICHEREFLES (TWC); N,O; HEMUR:E

T 2 RN 25 5 A BRI AR 2 AR o v R R R TR A2 i IR = AR HE R R HE
9%~10%, 18 F&ZERWTTHR T 70%~80% 1l 25 A HE A U5 i B B 55 58 [ A2 38 iz i = AR HE I 20
hi 27.34% 5 34.95% . BEE LA BRI B 25 55K, FRIBR AR AR AR BOR B 22 38 B R s f ATk
R Z — R E G2 — R0 R = ARG HERC . ST 0 R E S KRS E B Bk
AR HERILE T 58 A A% 0 4 Fh TS e HE PR B, b 5 B B AR B & AR CH, 1 HE R RR (5™ 4%
T 55%, 4500 mg'kWh™', N,O &5 = KR =S4k (AT fi 4 CO,. CH,), Al#AEZSS T KIAERIE
et 2 KA = ST R AR, o i IR #4502 CH, 19 14 £ . CO, 19 298 1% . Y4 Hij 1
A H SR E (GB 18352-2016) BR1E K 20~30 mg-km ™',

Bifi %5 F R AT AR A EE AN, NLO HEk 51 R Bk Bk 22 0 v . B 23 B S A BIDKE & A i BR
LCHEB R ER R, TR NO S AWM 2. TERESARUHET , IRATHOAR th 8 43 Ak 2% 7T 6E HE ik
BT R BE I N,O . 5] P AH 5 27 25 T A > () HE O M AT gk N,O 5 CO,. CH, 45 i % AR IL [A] fin
DLBR i, R ASHL IR AL HE B B N,O Mk BE AR, FE b = JT i b % K 8% (three-way catalytic
converter, TWC) H (1 Il fz i p= AU R A8 ) 5L 1 4 JL AL 28 1 9% & B NLO A2 A7 e AR TR 5 = 1R
2 Fh i N AR . AEARIR R, i CO iR R NO N A i N,O,  1fii NH, 3 & H, 8 JiE NO Sz [ A= i
N,Oo MBOWZ T 2 87, TEKSECVEETC O, &5 T, I 8 B o A8 8 210 S SB35 B 9 1 A A 4k 55 1
NH, 5 NO Wy R L, &3 N,O A i Sy it B AH 5, 70 IR IR 38 2k HON o [8] 7 49 s o7 A Jf, - 1T 7
i N, 3 NeF NO G554 il . CANT ' i AR 4 R A9 T4, 4. BB REE
It EHER: 2022-12-28; A HHEA: 2023-04-03
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1E CeO,/ALO, 2 P A AE AL th N,O A L 5 IREE G R, A PLAR LA Ak 0] 5 B A A0 ) NLO A= B 2
B, S22 300 °C 5 250 °C, AR A AR AR R NLO FE IR EE 24 200 °C B £ 300~500 °C 2 A4~
RN A B 2R B 2 W 5 b B B 3R 4 T HE ik 45 AU &R 4 (portable emission measurement
system, PEMS) Il 75 74 % 5 B 4 (g HE R EAT A58, R B NLO 5 NH, S 3 R A AH G, L HE AR
PES BRI A S, R IR R 28 A T 00 L HE e M th A7 A 22 S 0L

METRR MR R B L E PR IR (exhaust gas recirculation, EGR) 3 4t -5 41/#8 /48 5E = Ju i
fEER AT LA BE . HAT, B AN NLO MIF 5 K2 4L h e AL, T T M A BAR T i HE
KDL AT # R 9E o T EE GERTBR S A3 1 oA T T B e — A, AN TR 28 5315 G W HEOKSF K&
AT A 7= 0 NLO 0 HE B & v A WA OB S R o ABERAEH BT B IRS . KBRS
Y JEAS b, G BRI 5 E A S EHE UK T S A BR SHLAE WHTC T80 R 19 N,O HEJL
Fetk, BIERE SAEARRE G &0 T HERE S, DUEXH RS HLHEL N,O ik = Hil 24t 5% |
1 XWHRE
1.1 R ER R &

LR <G H R B+ R FR A +EGR” 8 /N L 10.52 L HE A9 3 B S 45 R S HLAE 9 BF 5% 6
%, RS E T F 02 309 kW, 40 E I R 1900 romin ', i RCHH 78 5% i X 1] 800~1400 r min'
1920 N'm, & shALRH S8 R Oy 2. SR A ER e LS 4 o 3Rk, . B8 48 3 Fhot
SR IR L) 3:1:6 JEAT 1 19 = ook g
(TWC) , FFTERBNHLE TWC [H] HEE %1 2%
10 mm DL I J2 B2 R A L

R I R R Y AR AT R S SRR
TR ASREML, #H AVLINDY S50-4/3001
SIBV-1HL S T AL . 4 0 W R CR B R G
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Fig. 1 Schematic diagram of gas engine test bench

1.2 HRFEE

HEAT 6 AL M HT e BT S EOE X R S LA T 0 Bt S s Mo PERe G, B R Bh WLtk <
BEh 24.5 °C, HEAMIXHEE 50%, 25 1 100.2 kPa, & SiHLA HIKE SR E R 95 C, kR
i i R 55 °C, AUE RUHEUR TR 15 kPa.

R AN RS, 2 GB 17691-2018 (LA [ FR<Fr ) 8 AL 583 4= 75 e W) HE s BRAE S
W 5 ik A BRG — Bk A L i 3R (World Harmonized Transient Cycle, WHTC) #4755 . 7611 B L
KK (liquefied natural gas, LNG) . 18 H 45 KA X (compressed natural gas, CNG) . flR#fH G25
3R R RR AL 4 HEAT VR S HE O™, WHTC BRASE 25 H 1 800 A4~ 3% FP A8 16 (1 1190 55 41 1k
(F2), B Lok, A LA S EE3MEIH N, %A, S, BRI WHTC Z [k 3)
PLIAER 10 min, SRS #E4T 1 IR WHTC A2, Rk shFlfE =i (20~30 °C) T AARR A 6h &
o RBNHLKE K TWC B RV J 2R I5 3T — Rl v S HE . #e BEAR R 2 < BTS
e Wy v BE B AL SR A A & D Ry 2 Hz, HABEIR 0 SR M 2 0 R | Hz, AWICRBRSE — K E R
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Fig. 2 WHTC cycle diagram of gas engine
K () I 22 52 W, SR/ e vE X WHTC
TEIAT, Sl A A Z gk fr Ll 5 58 x1 MEFBHSE
PR A8 2 8] B 2 P 1 0H 23 A, 5 % 4 4% 1l I 2 Table 1 Main components of gas
Ty BT x MR AEPREIR 22 (standard error of k415 Wk Zk AR BieE/(mgmd)
estimate, SEE) MAHX FR%L ~, iHHE AKXk LNG  99.83%  0.04%  0.11% <0.10
(2), iR FE2, CNG  92.99%  397%  0.95% <1.00
y=ax+ag () G25 86.24% <0.01% 13.75% <10.00

Abe y AR . U . RPN s o, WEAEIIRZMRR; x hfed . HAE . R
TE4E IR WHTC IR AR UG ;s @, R ZME [l 2R A AHE 5

*2 REEFREEPZRBERNSH

Table 2  Calibration parameters of atmospheric factor and regression line deviation

WHTCA % WHTCHAE
FEXF I
a, ay SEE s f a a SEE S
B 0981 19393 19321 0.983 0.983 18.474 16971  0.987

LNG i 0973 3276 139.475 0934 1.003 0971 4.761 156.527 0.916 1.006
Ui% 0985 0457 18.187  0.926 0.984 0.6 19.644 0915

¥ 0979 22855  19.123  0.983 0.98 21301 18552 0.984
CNG I 0974  3.15 13898  0.934 1.005 097 5293 152.063 092 1.009
Y% 0988 0212 18142 0.927 0.985  0.546 192 0918

Fed 0983 18397 17.726  0.986 0978 2411  20.114 0.982
G2s M 0971 4413 147.031 0924 0998 0953 19.859 147.193 0.921 1.003
Ui 0982 0913 19205 0915 0969 2374 18413 0922
T 3P IWHTCIRFMH IR 22 HrilbrifE e C 2 2R M

2 RWERKTH
2.1 A #Z WHTC IR N,O/NH, HE4E S 95

KEHLN,0. NH, R b T B2t #2 . B LS B T oL, FEoS s
KM ek be, HESHE & A KEKZES . CH,. BRAUEAIE R N0 i A mEEE ., [
WE A M WFFE A X N,O A LB UEA ¥R 5T, HoAE i 2 2w X (7) fn (8) » Hirp, K (7)
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N — LA, 2Rl B AE AR T 00 s R ALl RS W AR FE AR e 4, HON,O 5 NH, bz
ﬁﬁﬁﬂ%ﬂé%““”o N,O/NH, A= il A8 WL LA T 223K

CH, +H,0 — CO +3H, 3)
CO+H,0 — CO, +H, “)

2NO +4CO +2H,0 + H, — 2NH; +4CO, )
2NO + 5H, — 2NH; + 2H,0 (6)

2NO +CO — N,0 + CO, ©)

2NO +H, - N,0+H,0 ®)
HNCO + H,0 — NH; + CO, ©)

K3 FIE 453 BN AER A WHTC T80 F, LNG. CNG #{H . G25 Pl 3 Fp A [FR 4100 55 #F
T N,O. NH, B4R . TWC A TR E & N,O BRI . MWBRSHE & nT i, e
T WHTC T4, 3R N,O. NH, HEBCEPE R A — 3, 2 Fpig Yy %T}i’zﬁ%ﬂ%ﬁ&%ﬂbi/ﬂﬁtﬂ
PR v e B HE ik . 7E¥R A WHTC T TR R sh 1, KWK IRREA T4y, B R A
CO R TH R, N,O BN X (7) A, HERIEEIRSI20s )5, N,O K& = ok
A E AR R SR R AR, E 76 s ZJR, R SIAILG BUHL A BE AR, R 1 B A A
FIAFBLIEME . Hd, LNGIE{E N 368x10°, CNG #AHIE(H K 301x10°,G25 #E E(E N 547x10°,
W& R E R G R, 75140 s Z )5, NyORBUM S 2 mIBEAR, 75 300 s 22 )5 8 A Uk 20 P 55 it 31
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Fig. 3 Transient distribution of N,O/NH, volume under cold WHTC working condition
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AT, A3 R 226x107°, 112x107°%; G25 #A 600 b e n pp— 1025 ~— EM N0 G5 ] 3 300
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> y N . Fig. 4 TWC inlet temperature and N,O cumulative emission
R, EEE N 400-500 CH, K] 100%, under cold WHTC condition
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NH; 53 5I7E 970 s, 1340s, 1440 s A4 th B0 B 22 S 0 (EL, WAL 4 B0 R AR — B i o B I i
K (S . (6) RETN, Hrf CNG AR NH, B 3-8 KR 4041070, W R B ] B AR 4k
P2 Sz sl hn G far B B, @ B fer L R R K s AR AN H, PR AR UE NH, AP, B A
WHTC {3 2 N,O 4 G25>LNG>CNG, H 4 J i BL7E I i Tl v i3 sh o Bt .

K5 FE 6 S WHTC T80 F N,O. NH, BE& 404, TWC A R & N,O R HEk i . 45
R, 7EIIS WHTC i3 TWC A AR IR BE 3 7E 325 °C DL b, dE APEIRIG 7E 30 s PN JE B[] T3
F 400 °C, ZJFHEFEAE 400 C DAL FEREAPEIR L RE o, S 43I0 A5 A 0 2 119 3 R A< NLO HE ik
D, BV A WHTC T L I (B S BB /D, W (E AR AR . BR CNG #VEMR I e T
30x107° /Y 1AW {H Ah, oA 2 FOR A 3SR, H 5 NH; HE A (A 1 30 2] H A — 2
LNG 5 G25 #MH7E 130 s ZE 47 LA — 5590, IRF 80385 6~7x107°; £ 1330 s A2 A7 R 22 th B30 —

g, 100 —mNong ] £ —FpNo NG 0 g g 100 —wNoGs 0L
= ool ~—EP_NH_LNG 400 = = gol ~—EP_NH, CNG 400 = = g0l — EP_NH, G25 {400 =
= NH,_ 400 5 = 80f _NH,_ 400 5 = 80 _NH,_ 400 =
S 6o 130§ 8§ oof 1300 8 & 6o {300 §
§40— -200§ § 40 —200§ §4o— -2oo§
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5 7S WHTC LR N,O/NH, B#7S 9 7
Fig. 5 N,O/NH, transient distribution under hot WHTC working condition

5506, WE RS BE 400 Rl 7x107°, 21x10°%; 7E 70T ING  EM NO _LNG 40
. e 0 600l ~~TCNG -—~EM N0 CNG
1440 s /47 35 B 3 FOR A0 2R 19 N,O (K B 43 - - —TG25 ——EM N.O G25 |

” N N — i 30 e
Ry ik 2GS i RIE(E, 20 510 8x107°, 13x £ i/ z

!

—6 RIE? AT A S mE 400 ; =
10 \3$QOo,mijHTC}lﬁjikﬁbHLﬁi = TWCAHHE 20%
BB LI (5) o (6) #E AT, BABALENEIF émjwﬁwm% L I

N s N T o
UL NH, HEBC R D . fE 1200 s 2 )R B £ 2001 T R N
2o H PG I 2 A B 0 NH, A2 Y, HoHP ONG o 7
e = B ¢ fi > -6 Wk 2= HE Ve BF e A T NN N 0
RESCECR I 1A 349107, G235 JRSHRACHE B2 %0 300 600 900 1200 1500 1800
&, WER EE, NOMREH L 5’ il
AW 1%, 3 RS WHTC 24 2B N,0 i 6 A WHTC ITJ TWC ARE K N,0 RFHH
BT 585 —2, Fig. 6 TWC inlet temperature and N,O cumulative emission

N ., s der hot WHTC diti
22 BEXT N0 U HERE M 247 uneerho conaimon

AN TRV FE T 5t 4 0 PR A AE 25 5 HOM R S AL RCR A R, 5t 4 e AL Be A AL AL IR
K" CO., HC K NO, iy CO,. H,0 5N,, {HEE (500 C) F&r=4 /=4 N,0 5 NH,, HEHFT
NH, Az 1720205 5 4 J& 415 B 7F 250~400 °C FIE B N,O. 7EMI R 10T, 5% 4 8 48 48 ik B i
By RAEAITE AR N S AR, NO BT R, Al AL m R T N0 B
B PR, A EEC B 4 A L AT A RO TS Y HE O s ), DA R R PR R

K7 R A AR WHTC ¥ 2896 28 NLO Bl IR B2 3 M5 Ol . N,O 5l FEA % V) ¢, 3R &
N0 A i 3 — B, 1 A WHTC P8 7E 160 °C LA R 3£ I8 N,O 4E Ji M 160 °C i & 220 C,
N,O 74 R 73 55 I L B T 8 ik 3 ™ A B3R 58 — W {H 25, LNG. CNG. G25 i i 4 B4 85 43 il oA
349x10°°, 276x107°, 385x10°%; ifi i B 4k 22 TH v 2= 24 280 °C, N,O IR BB 18 B ARAE A (R 548 5
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Fig. 7 Variation of N,O distribution with temperature under cold WHTC working condition
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Fig. 8 Variation of N,O distribution with temperature under hot WHTC working condition
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325 °C, BANHRENHE N0 A ERR S LA B, SREEEXAHYER ., HELAE, R
A 400 C LT N,O AR, 46K 4 ZMME TWC AHREE30s £HFE 400 C. BT A
AL MR S L PR B T ol Fa e, It N,O AE 4 E 32 4l o 1 550 °C A AR $ iy
N,O 550, HLiZ iR 3 30 BBl A X 7 18] 2 18] 4 /f WHTC 000 8 S8 L A0 T o 3% T 0 s i) B . B i
ek A XN, AR T R AR KR N A R i Hy, RO (8) W Rl B AR X — T BT .
X5 BALL %™ i &3 —2,
23 N0 ¥ X5V HEMAF 1 XA S 5200 2 47

K9 MBS WHTC T80 45 SUMABCTE Y3815 4 A NO. CO. N,O W HEA & K NH, /9 °F- 24 HE ik
R 8. H, NO. CO ZEZ 5 N,0. NH, LR TS Ye ). ¥ 254575 Y L HE i 38 v T 44
Ao Hr, NO VIR R . NH, P HEBUR T 00 B 5 PGS B SA L TR —8E 2%, %
BERETHRE 25520, 11 CO. N,O B4 FLHER & = T3 30~100 £% . N,O ¥ #S A HE HE
WCE 4y M 9.6 mg'kWh™' . 7.5 mg-kWh™', 15.3 mg-kWh'; NH, % 24 HE AR 43 B0 $ S AR 43
Bk 4.0x107°, 5.0<107°, 1.5x10°%, & I, N,O V¥ HHEE G25>LNG>CNG, NH, “F-#HEa &
PR CNG>LNG>G25, Wi a#MI . miisded) NO. CO H k& K5 NH,. N,O JCH W M Ae
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Fig. 9 Average specific emissions and volume fractions of relevant pollutants under hot and cold WHTC conditions

R SHLEAT R A& BLRE ), R R R3 MEIHEEXILL
R 2 HLAE TR SR R ECU [ 308 Table 3 Comparison of gas consumption kg-h™
T RIBEMTWRR, MARIR AN TR eI AEWHIC i
R TFAL. X SMEMBINR ARG ) NG e 119 1519
Ke. BLIKEMIFRM RS, BMmpgE N6 217 184 1o
jjj(ﬁ#ﬁ;.a‘é%\ 5 %‘%%(ﬁ'ﬁi% G25>CNG> G25 14.552 14.212 14.260

LNG, G251EH#ES 85 LNG. CNG 4l &
23.8%. 19.9%. ME 1R NFE, G25. CNG & A B E RN (13.75% . 0.95%) NATIAN,, X
e T LNG A BB RN 22— il e R BL, SRR 2 B IACE 35 e HE TS e %
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(AR 25, 8 N, LI IR E G25 45 1 T A NH, HER, {5 N,O T4 LU HERC R 85, X %
LI 2 5N NO A7 — R
3 i

1) 57 WHTC P63 TOLE 3 MR TR 2H 3B (T8 LNG. T CNG. G25) #E4T T AH G S5
Ja &, N,O EZA KT WHTC 3T T80 & sh WL g sh BB, i x8 T80 B 3kl T 00 5648 JC B g
N,O Ao

) E—E T T, NO 5 NH, WA BAETEFCR, eI ## <R EEFE R 160~400 C, 2
HN A A . 5T 400 °C B NH; B Az i B i, = 2 3 N,O HEjk .
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N,O emission characteristics of Pt/Rh/Pd three-way catalyst for heavy duty gas
engine

HAN Wentao, ZHANG Teng’, WANG Linbo, GONG Yaqun, TIAN Yingan, LIU Jinbao

Weichai Power Co., Ltd., Weifang 261061, China

Abstract Taking a heavy-duty gas engine using equivalent ratio combustion EGR Pt/Rh/Pd three-way Catalyst
and meeting the National VI emission standards as the research object, this study quantitatively investigated the
N,O emission characteristics of the gas engine under transient conditions with different gas compositions,
exhaust temperatures, and tail gas compositions based on the global transient cycle WHTC. The results showed
that N,O emissions were mainly concentrated in the first 140 seconds of the cold WHTC urban cycle, and the
total N,O emissions of the hot WHTC are about 1% of the cold cycle. The fuel composition had a certain
influence on N,O generation. The cold and hot N,O emission concentrations of G25 gas with high N, content
were higher than those of LNG and CNG, and the weighted specific emission was 15.3 mg-kWh™, 9.6
mg-kWh™', and 7.5 mg-kWh™', respectively. N,O generation was closely related to temperature, and the main
generation interval was between 160~350 °C. High temperature inhibited N,O generation. There was a
competitive relationship between N,O and NH, generation, and the NH, generation increased when the
temperature was higher than 400 °C. This study can provide data reference for the source control of N,O
pollution in heavy-duty gas engine.

Keywords heavy duty gas engine; three-way catalytic converter (TWC); N,O; emission characteristics
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