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On-road NO, and Ultrafine Particle Emission
Characteristics of China IV Diesel Bus in
Shanghai

HU Zhiyuan , QIN Yan, TAN Pigiang, LOU Diming
(School of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract; The on-road emission test of a China [V diesel bus
was conducted on some specific roads of Shanghai to study the
real-world emission characteristics of NO, and ultrafine
particle. The results show that the test bus has an average
speed of 20. 59 km « h™, and NO, and ultrafine particle
number emission factors are 9. 33 g » (km » vehicle) ! and
5. 78X 10" particles (km « vehicle) ', respectively. The on-
road NO,, emissions mainly concentrate at middle-high speed
(>>35~55 km » h™!) and large acceleration (¢>>0.5 m »
s ?) driving conditions, and ultrafine particle emissions
concentrate at middle-high speed (v>>40 km « h™") and large
acceleration driving conditions. During acceleration mode, the
emission rates of NO, and ultrafine particle number are
relatively high. Ultrafine particle number emission rates of
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four driving modes vary obviously when the particle size is
smaller than 100 nm.
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T 9% 55 9 25 S B B HE S AR 1 2 1 A0 PR SR T AL
BZE RIS PR, T AT A58 T B .

W P A8 4 20 HE i i 1% & (portable emission
measurment system, PEMS) {lj & %= 4 it 55 bR %
HEBURAAE , B 7 18 RIS HERR I BB SE BT I B A2 4
T8 B HE AU B0 55 5 A R 22 405 S o 1 B 0 3 ) —
ANEEERFES. BN AR PEMS 4, 4
BN PG HET B ER R B T S5 A RS 2, JL I T
B E I, IV S8 A T, R4 KRR AR ES,
FEETIT A4 5 3 A 38 202 1 SE BT % CO, HC, NO,
AR HERURHME AT T IR 5%,

ALES FHE T LR EBRA, R —EE#
REZRHE B K5 LUE IV 5 A E F 5%
&, DT LR T R T8 VR B K
B RRER, Xt B IV 54 A L E LT SE bR B i

NO, 4L HE R R AT IR BT 5T, A2 T 5 58
T I IV 9 2 22 4 9 SE Bl % NO, e 48 5
R

1 REEERAR

1.1 Rk

DU B 4R A b ¥ T 3 X 52 o T e, T o e
FF BRI F B R RA, R B KN 22
km, PR3 B TR T BB 3] 5L ERK
i 26%,38% Fl 35%. IS 7E 2012 4F 5 H T Ak
17243 B F 7:00—9: 00 [H] /55 I A1 9 30—11: 30 [A]
1) ST Vg B B3 FF 8 WA IR A [ 2838 25 14 T Ik, 3K
B E 1 fras.

Bl Rk
Fig.1 Test route

1.2 REFEH

RIG TN — A B B M LR SR (selective
catalytic reduction, SCR) AL BE2E & , HERUH E B IV
PRUERISE AR, RFBEHEASHNE 1 Fix. K
WA BT T ER S EET S0X10° I NV
SEH.

RHEIER WA R L bR iE s TG O I A,
WA B A A T RAKRERIEHNBRANEBTT,
IKAEI B R B A A AR ERE KR 60%. BT
B, IR0 AR A 38 0 S B LI 5 20 33k
BRI SR E ET 2.

1.3 REAR
kLI R 35 [ TSI B4 7= BBk 42

AH1{Y (engine exhaust particle sizer, EEPS 3090).
EEPS 3090 B R4 M ETEE M 5. 6 ~560. 0
nm, ‘BRI FEO. 1 s PR B B — 4™ 58 38 i 5500000 12

®1 AREFHEIERASE
Tab.1 Technical specifications of the test bus

e B
RPRE PRI FE P SR
HE/L 7.1
BARIREEE) 213 kW (2 300 r » min~1)
B %D 1200 N+ m (1 050~1 650 r » min~1)
BERREH/km 53 550
BRERE kg 17 500
KE/m 12
HBESR =
JERb BB A HEEALER (SCR)
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Ay A , HE R H 32 AN T8 A R BCE A
PR EEE. NO, MIE R A B4 Horiba AR 42 /=
i 2% 2% HE i 3 X (on-board system-2200, OBS-
2200) , B HHLR A IR T, ARER RS
Mid R ENL MR ERSMERRREN
BRI R BT, NO, WERE<2%. HxEH,
ETF OBS-2200 MZE R HE B R G X FHSHE
B B & 5 S B = E A OB R A (constant
volume sampling, CVS) R 4t Z 6] i A 2 R B 7E
0.9 RA_EM, W] AF 85 A F 2 40 2 Bl B HE Y
W &. &z F 43R E M R S (global positioning
system, GPS) | & %4z 17 4 17 3o BE R £ 4
B WAL B IRZ/NT 5 m, F| HZ 4 2 FREM AR
(differential global positioning system, DGPS) #£47
FARBFIE, BEEREEIAF) 0. 1 m » s~ B[] 43 B2 T]
ik 1 ps. iRER A KRR E A 2 R,

2 RBREEHETRER
Fig.2 Schematic diagram of PEMS
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2.1 ZEREBRTHSERHERETF

Yo BRAG B R IV S M1 38 42 SE B 18 B AT 3 T 10 4K
WHATE 0T, 15 20K 6 78 _b g T B AU
T EATRRHME , TR 2 Fs.

R 2 EVEMAZEFLRIERITHSE
Tab.2 Driving characteristics of the
test bus on each road type

e Eowo o se GERE

THE TE B EF

R/ (km+ h~1) 17.45 15.45 55.19 20.59  15.89
BEHA/ % 31.29 25.63 0.24 25.73  29.00
SIEE AR/ Y 9.45 8.82 31.63 11.52 11.40
i A/ Yo 31.29 35.27 37.11 33.52 34.00
W AR/ Y 27.97 30.28 31.02 29.23 25.60

M 2 AL K AR L B AT AT
2 AR | R LB R o A AT B R,
SCRRC 14180 A 2 45 2R — B0 LB L YR B AR S e b

WAL LR E AT BN TS ESBES
E AR T A SSIERI Z R AL, SRR T A
BRI RE . R, B TR0 s A dE T
B, BAE YOS B R AT . R A E
Lg=1

Bl 3 b E IV 48 A8 L bR il B AT B £ T
T KT P B DA R T8 T 5 TR B AT
G451, AT DR 2 453 (C>0~20 km « h ) FId
(>20~40 km « h™DF7 R L 43-3113k 53 Y61 30%.
F 3 NEPRER TR T NO, A RERT
TR RBENHEREF, BiFE 2% GB 18352
5—2013 (R 235, 4275 Y U HE PR A8 B I & O B
CHESEAEO I 5 E F (g » km D=
FIE YR E B (2) /4730 LA (km).

100r = EEE ZEd/(km - b7

L 1 >60~70

sor B >50~60

° 60 | 71 >40~50

% W >30~40

= 40+ 4 [M>20~30

>10~20

20
>0~10
0 AN
T POEEE SRAIERR
3 LHREREESHER
Fig.3 Speed distribution of the tested
bus based on real-world
£33 THERTEHHREF
Tab.3 Emission factors of the test bus
based on real-world
HemEF Eg i KRTFE P SEEEE
NO./(g *
Ckm « D) 10. 47 11. 29 5.19 9.33

%fﬁnﬁ%)(/l:) 6. 42101 6,49X10M 4,08X101 5, 78X10M*

SEE R 2 F0 3 AT, NO, 188 40Uk 5 & HE it
RFSEWTHEER BT RR, R b w0,
W NO, F8 40 0 HE R » T3 5 T8 A 18 4 3
6%, e NO, 1 40 0B HE B A8 X 8. IR 4
ZREER NO, HEEFH 9.33 g » (km « ) 1,
AEARAURL BB HE A T8 5. 78 X104 A » (km -
@

2.2 SCRRIEEEHY NO, Fit8 40 Rk e 2 HE U E

NBFSEE IV 563 /A 22 % 5L PRl B 9 NO, Fi
240 00 85 B R S HEBIURRAE B S A SR 4 5L B
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R B T AR B S PRl B RS AT B T AL R 9 NO,
B AR R HECR L, TN 4 BT,

I/ (m - s-2)
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Fig.4 Transient emission characteristics of NO, and ultrafine particle number of the test bus

FH & 4 AT 50, R0 B IV S8 A 3C EE M NO, Fiid
4 0bE 5B DR A HEAOW In 2 B AR AL+ 2 URk. B
i, NO, F1 8 4H550R 5 B HEBUR 73 B R FFEZ 0. 01
g s TAI>AXTI0M ~5X10MAS o sTHZKE 5 B AT
T, NO, 4 b S EHEHCR BEW K, 451k
B 0.37 g o s *H1 3. 1 X108 o 571 AT AT,
NO,. F1#8 40 50sL %5 2 HE iR R T B, 43 51 PR 2
0.06 g+ s LA 1 7X109°4 « s7! [ERf, 5 NO, B
A TR HEBURE U LE , 68 40 0UR 3B HE O T4
W AT BT 46 0 I B & shHl & s it H BB 3,
B 233 A XK i — Beas (6] Ja Pk 2 2 2 53 B 1% HE i
7K.
Bl 5 M ZE 4 50 B il B AT 3 B, H NO, HEjik
2RI 2R A T e R B - I B Y AR AR . RO,
SERRTE BEATRET , RN E AT R AR B NO, BHER
BERRRTRETE, X 517N RE R —
3. NO, HEBER S bl & 2250547 B 7 B A 3 B 1) 3
PR, ZEZE R 55 km « h™ ' IIERER 0.7 m -

5 NO, HEEMEE-NEEHTL
Fig.5 Dependence of NO, emission rate

on vehicle speed and acceleration

s P AR BIE(E, B K HE R 0.83 g - s X
TR LA B R HIE BE AT B 5 R L R
KR BERE TN, JR 8 o B S vR VR A AT BB R, R
PaAR5E4, NO, HEBFEAE.

B 6 DDk A 5 40 R 5 B HE T R BE A AT
Bt B -k AP E O, WL, 2 R B AT Bk
BERAIS (<20 km « hY) , AR BUBLECE HERCREL
IR(Z 2. 4 X102 A« s71), H Bl I i B 2 AL Ho
BN ; ZE R AT B 4 7 A UL R HE AR T
HATHE, B BE4 H AR B S/ s 2 43 >20 km -
ht >0 mo+ s 2 I, Bl 42 4T Sk 3 BE A
BT 8 A, L A O A B HE R B 3 S . A 4R
PR EHE ORI Y B 220 60 km » bt i
BERO0.6me s 24k, AN 3. 97 X104 « s A
1M 68 40 L 5 B A SR B AR R 7 R R R s
BET AL X O, i A 5 20 & 0, /s
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Fig.6 Dependence of ultrafine particle number emission

rate on vehicle speed and acceleration
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2.3 AETIERE NO, Fni#8 4 5k HE R 4S54T

PR S Pl B AT B R 2 R B (0=
OH—0.1m-*s?2<a<<0.1m=~s 2). 5@ (v£20 H
—0.1m*s?2<a<0.1m=*s2) M#E(@>0.1m-
s O FIEE (a<<—0.1 m « s 2) PUFIFHER, /37
E IV S AT ZE S briE B S 7 &) 2 | fin s A A T
BE ) NO, F8 4r s B HE st 4r 3 an il 7
1 8 Bz,

B 7 RO, R IV SR A 38 %R S B i B B AT
A NO, HERCR AR, WA R 2, s
R NO, HE B, X2 E 0 F 5 2 S8 H AT
bt , w2 D, RBIR B AR, A AT NO, 4
B 3R 2 AL IR AR ESRITRE AL P T
P g, HOF- 3 B, 5 A R AR B HL R K
B & FAILGL Y BR B IR BE BT, NO, 2B B A 3R
K. BZEIN AT B e, Mgy & 1 00, & S LR e
K, NO, LR E RS .
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Fig.7 NO, emission rate at different driving modes
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Fig.8 Ultrafine particle number size

—

distribution at different driving modes

H & 8 AT DL, PUAAT B 2T A 4 OB B L
BSOS oA, 5 1 M IEERR
7E 10 nm FfHT, 58 2 ANIE(ER 2 7E 100~110 nm 2
[e]. A8 bbb 5T B I 32 42 52 B i i R 40 HE i
S50 A YRR IR ) ) IV S A S F AR S

A K i B RIS B Dl A YR MK 4 R SR
AR R S AL B AR I B IV S5 AR, i
25 1 SR HEBCRAR, B A IV S5 B & &
(<50 X 10O ) B, AR Y 75 B B T PRI A AR A
BT RS . WFORLHE RS R B, s A 4
A 5B HE R A e » RO S AR A AR AR
B X 8 40 R 8 B2 HE R . 5. 6~560. 0
nm RARF B RN MRZ/NTF 100 nm B, AR[F
o= A R BB HE A = B ECR, B3 53
VB AT PR T 3978 4 UL BB HE R 43 T R
0.9X1024x » 51,2, 8 X 1024~ » 51,3, 1X 10"
A e s, 1.6 X 1024 « s TR R 2K TF 100
nm B}, AN [T 3R = 500 50 B HE BB A A 2.
2.4 LEIhEI NO, SEM MM HEHMEN I

Lt 2h# (vehicle specific power, VSP)ZE-4 Fz it
T ZEARSEBRAT B N R 3 R DA R KB S
B, HoE SCH B R B ALE) ZE B R A Zh 2R, B
R EW o 7RI R S AL E, K VSP iR
AR A

1 GA,

VSP =v(a+ gs + gCr) ‘f’?pa -

v(a—+0.091 99) +0. 001 697* €))
A v HITHHEE o RHITRMBEE, g HE 7 mE
BEO.81m-=s ?),s HBHEEEN—, T,k
FR SN T R E(E N —, B 0. 009 38), 0, HFFBEZS
SEBE(20 CRYZH 1. 207 kg » m*), Cp A RPH R %L
(BH—, B 0. 6), A RFEH MR ER 7 m*),m
REFRDREBUERBREERE 14 900 ke).

J iR R RS B, 72 R 4y VSP X fE) B, DA
IkW-t ' AE K EHESZRITIBPRH, &
99. 3% VSP £ 7E—13~11 kW « t !, Hth ¥k 8
YT HERL BTER D, X 5 SCRR[21 ] B g i VSP 434
P —3, BB VSP 76— 13~11 kW » t X |H]
OB , BT 23 B 4 4 5L B 8 B AT B AT NO, A1
AR TR B B HECR B VSP s AL R, fnE 9 Fr
N

HIE 9 Al W, VSP=0 kW « t 'Bf BF o5 He A %
52 37 %6, R IR 4 SE Bl B T AT B R AR
B AN 3 AT R LR . ZERTE VSP X (R,
U VSP<C0 kW « t *If, NO, 18 40 55k %5 &2 HE ik
AHXTBAR B AR AR K 24 VSP>0 kW « t i,
NO, FI78 40550z B2 He b VSP (#3482 3
fn. XRE R, KE i E VSP Xt B 5 Uk H AT
R, B & SIHLEE SRR, NO, i 41 Bk S &
HEBCR AR ; T IEH VSP $E 8 K, Ml F & 5 4t
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FRIMBEEE T AL, NO, 0788 4a J0R: H 8 HE e % 1
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> 10F D
MR

3 : 2 2 &

=

0 an.r.nnll'll'lﬂ . 0 23

-13 -9 -5 -1
VSP/(kW - t-1)
9 VSP 3¢ NO, Fni2 40 Ek i EHE M =30
Fig.9 Effect of VSP on NO, and ultrafine

particle number emission rates

Bl 10 o4 g b2 b VSP 148 4k
. B 10 BT40, 24 VSP=0 kW » t i, FHiE
X [61] 4 AR 0 B R R B BRI 24 VSP<<O kW -
A, R0 AR X TE] A U3 & HE R B, BLRE
VSP W3R, BB E R AR LR A K ; 24 VSP>0
kW - t 1, & VSP MK, ke R >30~120 nm
B FORL B B HE R B S 0, B R AERTRL B A& K
F 50 nm) FCEHEHIEE X B A HBURLRL R /. X2
Bk, B VSP f3ain, AL EB S A KB E T
L, BHHEIE I, B RS R BB K, &
BEESM T RAET S E AR, BRESTBL
AR HEIICRE i , e (DR A A /N 28]

-1y

S

> 1000

R AR/ (10° A

Figz

/nm

10 VSP3EBAFpENEImTn
Fig.10 Effect of VSP on ultrafine particle

number size distribution
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(23855 B IV 5492 38 42 5L Bl % NO, HEiH
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YRITORLECE RS HEBOW I B ARk 43 URk; NO,
Hot R EPER HEE(C35~55 km « h 1)K
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Z{ NO, FBgFp s HE R R, HAEIgE
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