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W OE: AR C H sy E RS TE Y EEORIE, HHERR SR EERAI AR NIRRT R & ARG
T ML FH A ] B3] 26 4 248 i 5 s B AR 46 #F R #J CO (carbon monoxide) « HC C(hydrocarbon) . NOy (nitrogen oxides)
FIPN (particulate number) HEBCRFEMRENA, ZHFFXS LT T — & B T HEBR#E R R R HLZE 4K 2200m T 555
B10 (10% 1RFR K T H G 242 M0 56 +90% TR R 540 ) . B20. B30 5283l (BO) ZEHEHtT CRBNMLEL S AT 1500-1 700
t/min, RENHLINETE 20-30kW) [EAHH 75 e HER B L. 43 5# F OBD (on board diagnostics) 1 PEMS (portable
emission measurement system) HFATHERIAL LHLFITS G 0 8E REE . IRLE R AW S8 A5 FH 2 W TR I A Tk 11
G E, BN ORI TEFE S (brake specific fuel consumption, BSFC), B10. B20 il B30 fH%: T B0 FJ BSFC 43 7 #4 0
T 2.31%-. 2.71% 1 2.04%. ZWH AL T KAWL T KRR HIEHHL CO. HC. NOx #l PN BIHER B +. A48
WA BT AR FERIHL CO. HC A PN HEA F, B10. B20 A1 B30 M4 T BO & T &AL I CO Hug A 17
BIRFET 10.15% 12.73% A1 32.10%; T BO E T IIEM HC HRUE T 5 BIBEK T 13.22%. 26.45% F1 30.58%; #H
BT BO FETIHE M PN HUHA T 0 HIFEAK T 8.22%- 10.91% A1 14.17%. FEEAWL8mM ELFI 98I0, CO. HC Al PN
TR AR BE 18 K o 2B S yih 2 WA m % P i Hz ML) NOy HERL,  BEE A= W58l EL 1 038 m, NOy HEFUA -tk B
Hm, B10. B20 #1 B30 3T BO 3 T R AIMLIIZ 1 NO HEBA + 43 3G 0 T 1.60%- 2.78% 1 4.20%. %Wt 7t Fr
IR ENE T T2 NOy HEUR T4 (fam) HEEES 352, AL CHERE) M EX & R EREE T 1) NOy HE A 7
AEA, @IRAS SN HERALIE S bRVE I 2 95 Yo i . b Bl R 25 A T R P HE R LR SEBR VI FE R i)
TSI, 25 R BRI R 28 5 RN A P 48 i 6 NOy HERUKI R, K /N Ll B35 VR A= P 58 il 1B S & PR HE R LB AR ) ok
i, AT LI COy HC PN HER, 36T LLs > AR A B 2045 SR nT N i 3R A 58 N AR R HE R LR
A S R SEBRTS B HE G AR 525, W DU R 7E i B DCRME AL ) HE BB 22, DU B 85E 75 T 50 A
B -
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BRI ESIHE RS, KAENK, AEEMK, ML
TMALIE SRR B T TAERHE, S HISEHH. stk
Ak, BERUE 7 BRI S EORR AR HE B 2 i Y A
S b T L SEURE PR AN R oS BB T DU R A R
X R SNHLEL A ARE, 1T LA 3 BRIk PM. CO. CO, %55,
V5 Qe HEBET, (B 10 NOy 2835 Jei i HE .,
1T AE L8 i & R T AR AV S e & &, e R
Py s 7EJR /D PN HEROT T B A 1R K A0, #hked:
PSS T SEOUBRAR IR, A BT S BLRROA W R R A R B bR
A S IR IS B SR ) B B SR, LA S
R8P A R B SR A T e T S Y A S S 2
TR AR, BB ESef Bl T DPF ROmAELL,
DRk, HF E R A T AR P U FE A 5 B HERC
S F AL AR U Bt 2 v g 5 A RCR A/ 36
a5 e HA E 1 S PR

BRALVE SRR S0 T AR FHHE R ALK FH A 4 doh R 2B )
RS BRI HE RO 1, R AR P 83 7T DAFE AR CO HE
T ARSI RO B 2380 NOy HERU . e 2%
1E— G A RAT S L BT AE Y SE B Bk e, KB
AP S A — e FERE AT DA AR, o v Sy
FAT TR A B, SAKTHI 2555 1 4% I S8
AL LSRN DL T 8 b 83 7 ) 6 7 A 1 A P S il R e e
OHE R, BIF 7T 3R B AE 48 T LAFRAR HC. CO
KPS, BIETRESATO 25 7E — & “Hifif 2% T4020 V”
KR AL 3T T BRI, RIS i 4
F 23800 NOy HES, A=W S8 i - £ BE IR & R 2 B R
NOy Hi R A FARAE . M. TOMICEAE— G Hifubl
B AR S - R A RRE, AT AR HERHE RS, a8
SERRWIER RSN, HSAMSEmML, co HimE
BEAK T 11.81%%", HOMA 25 % 5 7 i i AR F S8 -2
Y- LB BEAT T IRRHI A BE ME AR B PRAG 45 R ]
TE 58 R AN N AR W 56 T LSS 3 R AR IR B 5 i, T A
W A WY, AVINASH Z80F 50 T LL— H
ik g R AR F HE B ML UKL HE R, R DR — R )
soot HEBAT LA 2 AT, UR 52 25 A 45 3R e it
£ 4t (portable emission measurement system , PEMS) %
il 3 T A R R AR P R AL SE B 0 R A HE S
TTIRR, #AL T 2021 4F il o 7 K AUR - R AL RS
15 3 Kl = A ARG B, XA s PEMS #EAT
HERLHLSE bR TOLHEBOR K, #7794 PR % ST HL T
MR IR HE R TE  A7 8 R e R S5 S A 00 R 5 4
P HE G AT TR, LD b3 3o 56 o HE B AL HE O 3
& I R H a)sE b HE O R, &5 A 16 A B HE R ATL S 1]
7 51 R HE RS B AT A ), ZHANG S5 it 45 & P A2
B, AN RS R, AR P R A SR A S B
H X F A AR B 4R 5% SOk A SR T 48 QR
ME RS (PEMS) #HTHEH LA sebrdk e R, 2=
TR AT AR ZEEE ML NOy HEU S SEbrig T Tz
W e dELe e &, 3R H —Fh AR IR T 9 NOy HEik
TR, 28 25 DL — i T R 38 % 5 DU B BT &

INRLAR FSE AN 7O 5, JE TR BRI E GT-Power
P, 3T NSGA— I H ik 4r i d e fH i £ B
Ak, PEAK T NOy A A [E 1V HEBbR #E$R
T 37 kW LA ML PEMS I ) 77 9 A0 PR A sk, [
VUHEB bR AEXT NOy HETBCRAE 5 0™ A%, [F] BB H FiURi 4
FirEE (PND BRAEZSK, SNy s seprff g fE )
A, AHCHEFER B, Sehralie il & Al = 6 48
6 W 2 18] (10 HE R AT B A7 7E AR g 22 REO,
sy, k2 AR AU TE SEFR T 00264 T AT HE
M, ARG B Se A HECER P2 o TR S 2
A LS e HE R ¥, ARSI R A (IR
R B IR K A5 e HEBGE B R A5 PY a1
(IR B S 7T RSN HEE T,
{2 A e v 7 5 R 1R BT AT B0 3 P R s AL A HE
M. £5 LRTIAR, 1Z0F 7 kgl i PEMS X HE R AL T
SEBRHEBCM AR, R ECHE A 1) S HE SRR, Ak A
HLEHE A 7 S & S B AR ML A 5

IR SCERER I KX CO. HC. NOy A1 PM )
e R 7 WA 2 A, ABAR A F BT SR FH i AL
g (PND HEBUR 7 5HFA & g it X AR F e bz il
B loe A W S TS e HE IS LR a3 b . AR SR AE S i
PWAAT T M RE A HERURE M M RS B R 0B 7T, XX T
AR I X P R AR & e RA EE R . A B
TEAR VTR 2200 m R, R A HE R LBR F 26 90 48 i %o
HEB s . IR 7L, R AT T IR R e
PR F B . T TOLEMN T CO. HC. NOg
1PN T R B HE A T, AT e i 1L X g 57
& HERHLHE CO. NOy HC HI PN 75 e 8 ST HE ik
TH BN RS MR AL S
1 RES5EE
1.1 RS

ZAIEFT R IR 22 B HE A R AR Fe R 4 X 4
BHEOR B % (PEMS) 223878 SEBRPE ML i FimL |,
AR FLAE SEBR TAE 24 T BIHEBURFE . 7T 3552 R B K )
BUHEB R SEBRARGL, M VR NLEN 2 RS h A
JZIEH . T B R R % E B RS OBD 2 I
A4, SEMTECH-EFM ¥iifE i~ SEMTECH-COSTAR #
AT GPS FIS %t HEA AT EAASE I R 1
s, WA EERERWE PR, R R BEASH
Wk 2 fion, RGHERALE TR EEWE 2 Fis.

% 1 SEMTECH-COSTAR {X{#&%
Table 1 Instrument parameters

b A B ¥R
Unit and scope Precise
Test content

COy 0%~20% £2.0%

HC 0%~1% +1.0%
0%~0.3%(NO) )

NOy 0%-0.19%(NOs) +£2.0%
0~10" A>'m™?

PN (Particles number) +10.0%
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i
AR Hydrogen cylinder

Fuel tank

T

[
== ety
Flow meter ([ So—==—=1 e,
SEMTECH-COSTAR 22,
“g

HL

Computer

Battery inverter

MG

Test tractor .
ZERICH

Battery

A1 &k&EETE

Fig.1 Schematic diagram of device connection

®2 REASH
Table 2 Information on agricultural tools
KX B x

Length- JifsE B9 BRI

B4 ig=
ISLAF IS Width- Weig- Plough  Plough
Name of the Model of farm ) .
. . Height/ ht/  width/  depth/
agricultural tool equipment
mmxmmx kg mm mm
mm
JEEBEHL 2580x1 100
Rotary plough 1GBH-230 1250 630 2300 120~180

B2 R ENEATTE
Fig.2 Schematic diagram of the operation of the test tractor

1.2 S&EaHhCNR 5 A

BB A ) AR TS G ) £ 2 CO. HC. NOy
HUPN, AN [E] B AT Gk AN A A 77 . CO %
F FEM #iH i) dE 438404 (NDIR, nondispersive infrared
analyzer) JREZJE, NDIR FIIRHE £ B3 Ti5 W)
XTLLAMGRE IR, K 2 BARRTFR 1) 2 J5 1SR A Re
1E—EFE R EWRIR LA RE, AN E S5 B il T 9+
SERIIASTR],  HRRE SR e A SR, 5 4
WEE RN T R ISCRR ST RE I 2 /b o NOy SR NOy #i%
He 19 dE 4 B %8 4 ( NDUV, nondispersive ultraviolet
analyzer) JREEJIE, NDUV 5 NDIR K#EHF, HFH%E
DR A5 Jepim ot 58 A 42 e 5 B R St ik, <44
1 NO F1 NO, R IISCER AtRE, R AMGRE H I,
ARG G NO FINO, R EEBR Ry, TR 28 A1 e bk
%, BWHMDCHEIZRBR R . SRS BRI KA RE S
75 YWk R He 9 9 /R . HC SR A FID BB &5 1k
Y% (FID, flame ionization detector) JRIEE, FID BAK.

A ANHE SRR St AR 35 K I 45 1 SRR S E — 2,
FEAEE G 8% ARt A BE . MR E A B PIIRBERT, e
B IE AT [ T IR B HL A O i B R (1 g
SLHERR, SR JE BB IR 5 2 £ H far AR AR FEAR, 7 S L
A A, 38 I B R A K/ SR & HC IR
FERIR /N e PN R FH 458 45 A% ORI T S8 CPN BB
T ok P RN A E ORI AR I B R . F A R
TR BRSO F . N 2% (R BN 400 2 il R
ERE TR T HEA. BTHENRSBERREHEET,
JREE: H B 2SS T ONBURLY) SR s ORI S R
YIRSHAE G
1.3 iR 5E s AN Al AL

WAL = FE gl R B RS E Gk 2200 m) 3K
I Hh AT I, R S E A AR A 103.678 78°,
Jb4 24.820 9420, WK T 1 HHECH B AL E 1 HEBohs
HER L AR FR 1L TS904 HhiHl, KENHLAL 5~ YC4A100,
PraE A= 5] T8 21.8kN,  BUE #3% 2 200 r/min, 52 IhF
66.2 kW ZHFFUARYE A AR LIV i, SRR
GE#h) X —Fh B AR R AT IR, R &
VR A5 e 5 FH v, iEHERIHLIZ T E D 10 min RIH
e b R AR v PRS2, A AR e T T AT — A
AN AR, St PR IR IR BE I AER TR . RN 2 AT,
WRIG N T ER AT 4IRS B HE R M LHE S 2 B, DA iR
DR HARE R
1.4 X3

TG FH 2 5k LU I, ol el ol ) S F A v 2
W, AELE K G R B SEN (SME), W H AL
BT VD RETR I 0 A BR A ], 235056 (VR A5 SRV 43 73 R
B10 CZEApSeqm sz gl 1 th 9 J8A) . B20 Al B30.
T2 3 HIH 7RG FH LI AR A BRI R B AL AR

R3 PUMBAEYE
Table 3  Properties of fuel oil

51k Properties B0  BI0  B20 B30 _ BIOO
s 50 50.54 50.83 51.6 54.4
Cetane number
P =N
= FUE
Oxygen content/% 0 1.64 2.24 3.68 10.6
KB
Low calorific value/MJ kg™ 4268 4187 4159  41.06 3943
PR R
Flash point 60 67 74 83 168
FhEE

Viscosity/(mm?-s™) 2-4 3.15 3.26 3.41 4.29

E: BO NARAESEH, B100 N4l kG AMSn, B10 4 90% AHIH B0 5
10% A B100 BRI, B20 Fl B30 #AHR LU HEAT 1B, TR,
Note: B0 is standard diesel, B100 is pure soya biodiesel, B10 is fuel blended with
90% volume of B0 and 10% volume of B100, and B20 and B30 are blended in the
corresponding proportions, the same below.
1.5 ANBHEFEE (BSFC) MisRMETIhERMH
WEF (EFs) HEGZE

T AR T8 B 72 SR LR AE SEBR AR rhol & 8 v A
Hod UM A, 2T TR R B, A S R B
iR, FEARZER IR AR a5 A
TR



46 flk TR (http:/www.tcsae.org)

Frx=(0.866Ep 1y +0.429 E c0y+0.273 Ex co))/ (p(X)* 1 000
CWFFX) )
A Fox IREIRIM I FER, s pX) AR 2 1%,
g/mL: Exuc Exico) 1 Ercon 73 A8# HC. CO #1 CO,
BRI HEOR Z, gfs: Cypex AERM RS 2, X
Hr S EUE N 0.866, AWSEIHER 0.73, AR SEH AN
A= e b BT G R A . B10. B20 AT B30 43 F) B
0.85. 0.84 #l10.825.

BHRIRMWHFER (BSFC, Bee) HHHARW T FR:

Bsre = (Fpyp(X) % 3.6 x10%)/P, 2)
KA Bgre WA RIRMAESR, /(KW h); P, AR BIHLL)
2, kW,

A F HE R ATLA FH 5% A5 Joe AR M S8 i) COL CO,
HC 1 NOy FIHE B 8 7 =3 T R S 2. KR
FEEAAT B [ S5 f R 2 AL, tPE AR

EFPe: Zi=iERP,n/ Z:ziPe,n (3

KA Eppe BT IR PHRE T, g/(kW-h); P2 ZE40HE
B RS G not 5 — TR RR SR, 5 4 A7 o
il 1% LOLRI AR AR I (A FNZ5 RN IA), 85 Egp, 72 S Fli5 4%
PIAESRE— 00 N RHRCE R, ofs. BEAT TR 60 28
AT, TRk R AUEE L T CRBILE AL
T 1 500~1 700 r/min, KBHLINZFLE 20~30 kW) HLPR
Henf i

2 HERE5HR

2.1 81K 2200 m TEIRERARIA BRI HIEFREER

PRTHFEZE (BSFC) 1] LAR AL AR} 25 e iy & P R
WURRIZTHE . R B FE KT 2 000 t/min,
FEA LT 1 500~1 700 t/min, K ZHAHL I ZEALE 20~30 kW,
Ha P HLAE VIS 3% o 2~4 km/he AT BAME] 3 BH, B
HAE S LB s N, A BRI FESR (BSFC) A AT
$im, B10. B20 F1 B30 AH#: T BO ] BSFC 73 ml¥Ghn 1
2.31%. 2.71% F1 2.04%, X J& T A= 40 SE7h 1) B R 5
AR, EVSEMmBIRL N, AESHFEIK,
BSFC AN . shah, BT AvLemn g s e,
SRR R A0 RUR, 22 38 BSFC 1M, & i
WHLIX SR AR, KAWL R, #HAREED T
WAL, B E5SSRERLEE), R R
W ZRHREEREW, KIWIRREACE T,
BOREHL R D)2 TR, N T 4ERE RS TAEVERE,
RENHL T B 2 PR SRAME T R 8k . BARAEM4E
T HI B AR 2 P BSFC, {H H T 2E 928 il 12 s
A /S BEAE AT DUR B se B m 78 43, 2 2 B# K BSFC
PIVEF, AR5 BRBLE ORI R 7 T AR A 3 s 14
B, Frbl, BSFC M8 —Mh T#E 2%, wEH
B30 ft) BSFC % T B10 A1 B20 ¥ hn/b. & FiR Al 41,
AR S A s B HE R AL B oRE,  (H T R
B AR 5 AT DA I R A58 s .

2024 4F
= 600 -
g
< 500 b
&0
v &
.2 400 |
KE
Z 2 300
<5 kS 2 S %
Ko 7 e g 2
&80 |% < < &
Q
<
3 100
3
o
g0
& BOO  BIO  B20 B30

WA FP2EFuel type

B 3 B4R 2200 m TR A RO I F 5
Fig.3 Brake specific consumption of test fuels at 2 200 m altitudes

2.2 SRYIERETHERUSE

9T 53 AT R ASE 3 A FH B AL P B B HE SRR AE
T T MR HE R LI IR 2 200 m & R 64 CO-
HC. NOy 1 PN W HEBoR 2y B, Wi 4 pros, i5
PN SRR, XA BT HE R A LAE e BB 3 7] 47
TR, ¥ RIHL T B TR FE LT e S #e 2,  JLR
G AR /N, HERGHE 2R PR T e L e R et
T rpol 5 I B s R AT R A ok, I SRR B
PRUGRE LLyRom s, e mE m s ke, X AT E
SEARIREE, BT LLSS AL HC B HEROE RN . 45
A 3 1) BSFC R F, AW 482 3 SO I i FE =1
I, BRI Rk 23, 5B N B e R T, 1
T NOy FIHEB . PN (1l ol HE 5 26 [ A= 4 8 3 (1) 46 5%
s TN, AT AR 4 B R, A SEE xS PN HE
A FEARAE R, T A2 4 28 0 1 25 SEURR 1w DA R ) A
KT, AR I HER

0 50 100 150 200 250 300 0 50 100 150 200 250 300

COHEJHGEE % CO emission rate/(g-s™)
HCHEGE R HC emission rate/(g-s™)

I} [7] Time/s I} 5] Time/s
a. CO b. HC
& b
E S 5x10"
] 2
4 2 3x10"
= @
C"; g 2x10M
z £ 1x10"
2 &
% 0 50 100 150 200 250 300 f‘é 0 50 100 150 200 250 300
3 I} [7] Time/s %: I} 7] Time/s
zZ
¢. NOy d. PN

B4 #2200 m FREEAHEG CO. HC. NOy #= PN Bi o
HAAFAE
Fig.4 Characteristics of CO, HC, NOy and PN transient emissions
of the tested fuels at 2 200 m altitudes
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23 MAECRE IS EME T I ERAHNE T

AR SRR AR HE LML I IE 5 T AR sz,
T I S HE AL ML R 3 T R Sh AL R S G
YIHEBUR 7, AR FHHE LR B AS [R] EL A A= 40 S8 3 1 2k
F RS HBA T 47 b ARFER (1) ~
(3) 5 CO. HC. NOy M1 PN % T IR HW K 1, 45
Rl 5~K 8 A
23.1 CO #H&BF

CO M4 B H T A RHIR B A 78 20 DL R AE RS e it 72
FAEEANLE T CORAMAMN. FUKIER B S
WL E YRR S, BRI W 55 R 1 2 R S8 L e
A5 G e E B R K. WK S R UE R, T
FI) CO A ¥ BO 7EiF4K 2200 m T &2 5.42 g/ kWh.
S N [ B A8 1D 26 9 S 3 7T A BRAR A T HB AL
CO HE, B10. B20 F1 B30 4% F BO & F K shHL =%
FIHERCR 723 5 FBE T 10.15%. 12.73% F1 32.10%. BE
A ST EL B 3, CO HE iR T B I Ok
ER] R A 0 S il 2 SRR PR O 1 1 S e (L 3R R KL R R A
REARAE BRI X, BTSRRI, RSP
HIBUR AR5, M R BHLRIARER, TR R
FelfE, HAhn co HE. BhAh, Mk SR REER
fiK, MR, SRR EZEW, BRI %Sk
BRARZ, TR S 4M COL L. 7Rk
WX, N T 4ERE RS IE R TR, B FE R,
EAR A S R AV 2 5 80U FEE BO S nE £,
HEHFTHEESEHICER, nEhmto ki, SRR E
5y, FEAR T mE R AR . R T R AR A S
A HERLHLAE NS FEH [ CO 2 R BHE A 745 P& A%
EH .

=
z
=2
&St _
=
oﬂ
5483-
o .2 o
5, < :
Ro -l 2
O
|t
3
50
z BO B10 B20 B30
[-9

#kihF25Fuel type

B 5 Rk 2200 m TATFHF 4 CO HAME T
Fig.5 Power-based CO emission factor at 2 200 m altitude

232 HC ##&BF

HC HE T 32 22 R8T AR BB B #A T LA S AN 58 2 R
e S T MR I 4 sk 7 3, STRRRLLE
il R N B RS, AR e e 4, BT LASEMIAL HC
HERCRAR . Rk 0 2 A0 R 1 AR B L TAE B X HC 1Y
HEBCER A BT . 7EHEPR 2200 m, T SR A8 R i
TREEM, TRPMESTEMI, BN SNHUE N A
SRR KRS, (Rt T HC AERL, Ak, HE

B PGt 2 LS £ ik HC 1t — 84k, 13 HC 1)
Heea e, B ABRRHR IS A F o R A1
ANEEER R, ARHE T BRRHE BRI T e, (R
B RIS 52 R, 1 BO T A2 3 Bk R IR R
VR, RBEEAL, TERHERCE . B 6 R LLE
B, HEFRIHLIPROHAE T, B0 EF IR HC HE
TR FLEHER 2200 m R4 1.21 g/kWh, B10. B20 A1 B30
AT BO 2T IR HC HEsUE 72 AR T 13.22%-
26.45% F1 30.58%. M _LIRMIEHE T RE, LS
FRY EE AT ) 38 im ot 2 T D F ) HC R R 752 i oK. 45
RTER, AR S AT DL RRAR AR A R LR AR L R
HC HEK.

= 14
g
N
=E
= £ 1o
ﬁcﬁ
%E 0.8
2.2 o6l
= E 0.6 1
Ro %
Hj% 0.4} S
#7302
g ..
=]
5 0
z B0 B10 B20 B30
[-9

P FPFuel type

B 6 £ 2200m TATHF 4 HC HAE T
Fig.6 Power-based HC emission factor at 2 200 m altitude

233 NOy HE3 B F

NOy HFl F B2 X AT T2 SLNIREE . 0K
FE AN iR S BRSNS RIS, R ST s i B X B AT 2
KT RENHLI R R EAFI A RS J5 11, HEBA bR i, 2
P TRCR RV, MNP RGR I R B (Y IR A
AHIT NOx AR, H2, kTS IR <
MEIRIE, JETHHE] T NOy BIF=AEMY . 8% 7T Ak
X, EARFT— AR B X NOy HERE M N 2. N
K 7 T CUE 2], BO 7R 2200 m T 3T R
i) NOy HERL K74 28.08 g/kWh, B10. B20 FlI B30 #H%¢
T BO £ T D) 1 NOx HETBCH - 43 3G 0 7 1.60%-
2.78% F1 4.20%.

%)
[
1

2
z
i~
H_,@SO- _ ___
K3
X35 25
=&
® 2 20 F
o .8
Z 3 &
2E 15f % =
20O 10t
Tz
#3 sl
=
<
8 0
g BO B10 B20 B30
=9

BRI FH 2 Fuel type
B 7 AFK2200m FRTHFEE NOy HAA T
Fig.7 Power-based NOy emission factor at 2 200 m altitude

H T e S XS R, B BO AN R A S



48 flk TR (http:/www.tcsae.org)

2024 4

AR, FEBERE. IRNRERIK, FX
NOy HEUE TR A WREME . sbah, T AL A E 5
G, JHFERE BO A RT3 0, n b AE i b X IR 8 i
BOPRAG, RSO B ROR, st ), S
NI 2, GLNRET &, BN T NOy MIHE.
HT 2B E S E RS, AWM T Bo
X NOy [FHERIE A /. M R EHE TR E, £
S5 A 2 S BUR R HE R LAE VRl i B2 v (0 2 F 3 %
) NOy HEBCE 738, FLFE 5 A= 0 55 i 1 EE A7) ) 389 o
X NOx B M3 K
2.3.4 PN HA&E-F

AT AR P HE R LR L TR PN 3T DR (1
R T Wi 8 fir . fEmigkhX, =3P AE & BRI
b S BB, BREMIRBEA 52 4 5 SO P HE U
BN &2 S BRI A S IR A A S AT R FE 1Y
I, B 25 AL RRBE BT i B BN XN, Rk =
A6 IR R I I AORE ) I HE TS v A DX A 358 U P R )
AR, RBAHCZ G B R R, #ERMEAL
YIAE A 0 3 FE P g K ik, 38007 PN HERC
BEAl, R R BN S B S FE RN, G
(PIRR I S 3G 0, BE I RET A R BRI . AR A
THE ARG TN RE, SRR E R, b
TR AN A SR P 7 A s AIRERAMIG T 48 & mT LAY
DR ShBURI N 2 385548 (PAHs) W4, BT %
R ZE LI BURL 0 FE i . BO 7EHETR 2 200 m 3E T & FhHL
) K PN HEE T4 6.569x10" /> /kWh, B10. B20
A1 B30 AHEL T BO ZE T Z 1) PN HEBUA 73 0l FEAK T
8.22%- 10.91% FI 14.17%. B 5 A= W04 i LE A7) 358
Xof ksl PN HE SR 5 i e 25 o M IR B 2 T g
AESE I AN N B AR R HE R LI PN R

l"é\ 13
5 8x108
S
T 13 b
Ny 7x10
R 7 6x10° - _
= O ETT 8
£ 2 saof
Z = e « i
gg 4x108 - < S >
g = &
= 13 L 9 N 3
j%r g 3x10 g o S
& 2x10 - i 1 o
®E 0w
g 1x10" -
5 0
2 B0 B10 B20 B30
[-9

#riF=EFuel type
B8 4K 2200m TATHAF4) PN HAET

Fig.8 Power-based PN emission factor at 2 200 m altitude
2.3.5  MKLE RPN

ZHE TR BO. B10. B20 A1 B30 #RRHE A4 F 4t
AL THLH COL HC AT NOy T 3 2 [ HE A -1
BHE (M) 2T I RAH T A LB an 1 9
o B E AR 8 B A% B8 K5 B HE U 5.9 il BR
T B ot T R AU S R RO HRRA T, 2 T AL
ARAE MU PR 5550 HE TS A 2, B 0 AE i g e o T

HEBRUE T, 37 kKW<IIFR) <75 kW I ZhRJLHE N A H
FIMHERNL, (FarE) e TAHRMHS R 7,
IZHIE AR A R HE R ATLZE 2 200 m s g IR T VR MK A HE SO T
ANFE. HE 9 FA, ZF TR RIS T AR R ALE
MV R A AR IR NOy ¥ T (Fhi) HERE.
BO. B10. B20 Fl1 B30 & T L Z 1] NOy HEk K+ 75 ik
2200m ForbE (FaEE) HEFERT4.01. 4.07. 4.12 F14.18
f%; BO. B10. B20 1 B30 & T R s HLTh R ) CO HEjik
R F7E#H 2200 m oy 50 & (F8r ) HEFFEE R 1.084
0.97. 0.95 f11 0.74 f%; BO. B10. B20 fil B30 % T k5
LI HC HEAE e 2200 m R332 (3EFE)
HEFEMEH A 0.93. 0.80. 0.68 Fl 0.65 5. W LALBHE & F,
ZHF PR AR CO A1 HC HE A 7 (HE) e
HEC T, 3 NOy HER R T4 (FERg) HEFE(H = 3 fiF
%, WEHOXEZE RN (FRR) M E B s SRR
BLLRHLRAE NE, RHUKE B A A& AT HLR L
7 BT, RPLE AT, RILKE K2 /T
iR, TRESES, KRAMBRILE T/EDLREH
SRR LA AR S R R R R K. LR BRI R R,
(Farg) HEFMEA B EEH ERHRILX, ik X R
RN TAEREEE S, RIS A& i Al NOy
HEBOZ 3 . A A BT X AR T8 BE LA T AE HL X 147 2R
MU EHERGE B, DUHCRSE S HEBOE SR T

)
[
1

2z
23T | BRIB0
HEz EZ=2-B10
— 8= 28} EZ3-B20
BEZ £29 4-B30
wES | EDs- (Em)
=22 {Guideline)
neeg
iR A
=220
FE”
HEs T
ESE
12345
NOX

B9 MRMAE T 349 CO. HC F= NOy HE B F5
(F8dh ) rix
Fig.9 Power-based CO, HC and NOy emission factors for test
fuels Comparison with {Guideline®

3 & ip

A 5T B R 9 2 200 m FRD 56 4 Hh 4 Y9k 56 b
A, LLBO. B10. B20 1 B30 7E AR BREL, 4 [H
TITHE bR A B R ALEAT T AEME Cie#h) 1 fE H
CRENWLE AL T 1500-1 700 r/min, K& EIHLIIHRAE 20-
30 kW) f] CO. HC. NOy F1 PN y5 44 HE A 1l 5,
AT AR B e R AL LR S T D2 1) CO Al HC HE A
T5 (IRm) HFEMEARKR, UHZM R SE LG —
SERE SR S, BRI 1S H PR 4k

1 R A HERALTEVE b ik R ook A= S8l 2 386 i #gk
Wi BSFC. #E#E#k 2200m F, B10. B20 11 B30 [f]
BSFC #HET BO 43380 1 2.31%. 2.71% #1 2.04%.


http://www.tcsae.org

520 3

BN RITHER IR L W S i HE R PRI 5 49

2) mERERE SR ASERIC, ISR A
SEAR, XL SEREHRBEA TR 4, HInTE e it HE
B A BT A AR, A BT BRI A AR
) CO. HC A1 PN HERA 7. #E#F4 2200 m F, BI10.
B20 Fl B30 #H# T BO % T & sh ML # 1) CO HEUA +
A RRET 10.15% 12.73% A1 32.10%, M T B0 %
T I HC #1770 ) B T 13.22%. 26.45% Al
30.58%, AHE T BO J& T Dy (1) PN HE K 7 ) B A%
T 8.22%- 10.91% A1 14.17%. BfiFE-EnLE i ELwl f38 i,
X A FHE R HLED CO HC A1 PN HEJBUA T B 5 5 2% .

3) AW YETh 2 B AR FHERLALY NOy HEil, NOy
HE T8 BE 25 AR A 5% b Y 1S T B4 m, B10. B20
B30 #H % T BO & T Th F ) NOy HEJBUA -+ 43 7 388 hn 1
1.60%- 2.78% 1 4.20%. = Ji B8 5% X6k & 48 $z ML 1Y
NOy FZMER, ZMEF0H 25T TR 1K NOy HERUA T4

(f8m) HHER3FHZ.

[& % 3 Wkl

[1] HOU XN, XU C, LI J F, et al. Evaluating agricultural tractors
emissions using remote monitoring and emission tests in Beijing,
Chinal[J]. Biosystems engineering, 2022, 213: 105-118.

21 &F, Ak, HUERE, 5 KEMHX AR A3
UK S5 G HEROR B [J]. FREERE, 2017(7): 2738-2746.
LU Jun, HUANG Cheng, HU Qingyao, et al. Air pollutant
emission inventory of non-road machineries in typical cities in
eastern China [J]. Environmental Science, 2017, 38(7): 2738-
2746. (in Chinese with English abstract)

31 HEFIEAEE AR (2023 4F) [J]. EELRYT, 2024,
52 (2): 48-62.

China mobile source environmental management annual report
in 2023 [J]. Environmental Protection, 2024, 52(2): 48-62. (in
Chinese with English abstract)

[4] MENG Z W, LIU Z T, LIU J L. Investigation of in-cylinder
combustion deterioration of diesel
regions[J]. Fuel, 2022, 324: 124824.

[S] RAZAK N H, HASHIM H, YUNUS N A, et al. Reducing

diesel exhaust emissions by optimisation of alcohol oxygenates

engines in plateau

blend with diesel/biodiesel[J]. Journal of Cleaner Production,
2021, 316: 128090.

[6] SHRIVASTAVA K, THIPSE S S, PATIL I D. Optimization of
diesel engine performance and emission parameters of Karanja
biodiesel-ethanol-diesel blends at
conditions[J]. Fuel, 2021, 293: 120451.

[7] MOHAMED K, TIEMIN X, WALEED A A F, et al. A

comparative study of diesel engine fueled by Jatropha and

optimized operating

Castor biodiesel: Performance, emissions, and sustainability
assessment[J]. Process Safety and Environmental Protection,
2024, 188: 453-466.

[8] MARCO B, CARLO C, MASSIMILIANO R, et al. Use of
diesel-biodiesel-bioethanol blends in farm tractors: First results

obtained with a mixed experimental-numerical approach[J].

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Energy Procedia, 2019, 158: 965-971.

SARAVANAN A, MURUGAN M, et al. Performance and
emission characteristics of variable compression ratio CI
engine fueled with dual biodiesel blends of rapeseed and
mahua[J]. Fuel, 2020, 263(3): 116751.

ONI B A, OLUWATOSIN D. Emission characteristics and
performance of neem seed (Azadirachta indica) and Camelina
(Camelina sativa) based biodiesel in diesel
Renewable Energy, 2020, 149(4): 725-34.
MUKESH K, BIJAN K M, ARITRA G, et al. Performance
fueled with Chlorella
Protothecoides microalgal biodiesel[J].
Thermal Engineering, 2023, 51: 103609.
YUL X,GEY S, TANJ W, et al. Experimental investigation

of the impact of biodiesel on the combustion and emission

enginel[J].

evaluation of a diesel engine

Case Studies in

characteristics of a heavy duty diesel engine at various
altitudes[J]. Fuel, 2014, 115: 220-226.

GAUR R K, GOYAL R. A review: effect on performance and
emission characteristics of waste cooking oil biodiesel-diesel
blends on IC engine[J]. Materials Today: Proceedings, 2022, 63:
643-646.

SCHOBING J, TSCHAMBER V, BRILLARD A, et al. ,
Biodiesel soot combustion: analysis of the soot-catalyst contact
in different experimental conditions[J]. Fuel, 2022, 312: 122854.
ZHAO Z C, LIU S, WANG Z, et al. Effect of ash in biodiesel
combustion particulate matter on the oxidation characteristics
of carbon soot[J]. Journal of the Energy Institute, 2022, 105:
262-272.

FHLLVE, WhAR, XU A SRR AR ) SR A R A
FHERLHL A ShHLE BE A HEBCK 52w 0], $Eho il 5 4 s 4
%, 2021, 48(03): 29-34, 38.

HAN Hongtao, YAO Wei, LIU Hao. Effects of fossil diesel
and biodiesel blends on performance and emissions of
agricultural tractor engines[J]. Tractor & Farm Transporter,
2021, 48(03): 29-34, 38. (in Chinese with English abstract)
Webee, BE&, T, % BGR 5K B ELSEM LA H
ALK NOx 5 PM HEJBURE PR 5 0 43 #7 [7]. PR B AL 272
W, 2021, 41(3): 914-921.

Xie Weian, Qu Lei, Wang Zhong, et al. Effect of EGR rate on
NOy and PM emission characteristics of agricultural single
cylinder diesel engine fueled with Biodiesel[J]. Acta Scientiae
Circumstantiae, 2021, 41(3): 914-921. (in Chinese with
English abstract)

SAKTHI M V, GOPAL K, DAMODHARAN D, et al.
Influence of Hydrogen induction on performance and emission
characteristics of an agricultural diesel engine fuelled with
cultured Scenedesmus obliquus from industrial waste[J].
Process Safety and Environmental Protection, 2024, 187: 1576-
158s5.

ek, B R AR, R A7 rh SR T R T Y S99 L SCR
PERETINT]. ARl TAEE4R, 2021, 37(10): 64-72.


https://doi.org/10.1016/j.biosystemseng.2021.11.017
https://doi.org/10.1016/j.fuel.2022.124824
https://doi.org/10.1016/j.jclepro.2021.128090
https://doi.org/10.1016/j.fuel.2021.120451
https://doi.org/10.1016/j.psep.2024.05.137
https://doi.org/10.1016/j.egypro.2019.01.237
https://doi.org/10.1016/j.csite.2023.103609
https://doi.org/10.1016/j.csite.2023.103609
https://doi.org/10.1016/j.fuel.2013.06.056
https://doi.org/10.1016/j.matpr.2022.04.447
https://doi.org/10.1016/j.fuel.2021.122854
https://doi.org/10.1016/j.joei.2022.08.008
https://doi.org/10.1016/j.psep.2024.05.042

50

Flk T2 (http://www.tcsae.org)

2024 4

[20]

(21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

NIE Xuexuan, BI Yuhua, SHEN Lizhong.et al. Prediction of
SCR performance of diesel engine based on response surface
methodology[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2021,
37(10): 64-72. (in Chinese with English abstract)

TOMIC M, SAVINA L, SIMIKIC M, et al. Effects of biodiesel
on changes
experiment with farm tractors[J]. Fuel, 2021, 292: 120300.
HOMA H-B, SHAHIN R, POUYA M, et al. Exergetic,

economic, and environmental life cycle assessment analyses of

in IC engine performances: A long-term

a heavy-duty tractor diesel engine fueled with diesel-biodiesel-
bioethanol blends[J].
2021, 241: 114300.
AVINASH K A, VIKRAM K, HARDIKK V, et al. Ultra-low
soot/ particulate emissions from a dimethyl ether-fueled
agricultural tractor engine[J]. Fuel, 2024, 356: 129637.
AR, Tk, ZEhnam, 5. g o R B dEh pLHE
TROE 5 A A A ()] RIS Qe 5 BR, 2024, 46(6):
803-809.

QIU Zhenyu, HE Chao, LI Jiaqiang, et al. Research on

emission inventory and spatial distribution of middle-large size

Energy Conversion and Management,

agricultural tractors in Qujing City, China[J]. Environmental
Pollution & Control, 2024, 46(6): 803-809. (in Chinese with
English abstract)

XA HE RS PR T OLTS AW HE T e HE s A i
JETERETE[D]. & AT Frasfol K, 2022,

ZHAO Mengjia. Research on Forecast of Pollutant Emission in
Actual Working Condition of Tractor and Uncertainty of
Emission Inventory [D].
University, 2022. (in Chinese with English abstract)

FLORGF . A0 B8 7 B S UMHE OSSR K 50 K 3R WF 7S [D].
WrEE: ErEEAOl R, 2023.

KONG Qinghao. Research on emission model and influencing

Urumgqi : Xinjiang Agricultural

factors of non-road mobile diesel machinery— mainly
agricultural tractors [D].
University, 2023. (in Chinese with English abstract)

ZHANG J, LIU L, ZHAO Y, et al. Development of a high-

resolution emission inventory of agricultural machinery with a

Xinjiang : Xinjiang Agricultural

novel methodology: A case study for Yangtze River Delta
region[J]. Environmental Pollution, 2020, 266: 115075.

JI J, ZHANG H, PENG D, et al. Estimation of typical
agricultural machinery emissions in China: Real-world
emission factors and inventories[J]. Chemosphere, 2022, 307:
136052.

BTN, FEARIE, BRI, BEEIRED R H RIS HL NOy
HERCTEMAEAI]. A AR P AR, 2023, 44(4): 128-136.
LI Yuhang, ZHUANG Jihui, CHEN Zhenbin. Data-driven NOy
emission prediction model for diesel engines in agricultural
vehicles[J]. Journal of Chinese Agricultural Mechanization,
2023, 44(4): 128-136. (in Chinese with English abstract)

TR, EAR, SCZEEY, AR /NRAR F S LI AR AN HETR Y

[30]

(31]

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

Z BFsRACD]. FERN SR, 2022, 43(2): 112-120.
XU Meng, WANG Jun, WEN Yijun, et al. Multi-objective
optimization of fuel consumption and emissions of a small
agricultural diesel engine[J]. Journal of Chinese Agricultural
Mechanization, 2022, 43(2): 112-120. (in Chinese with English
abstract)

HEIDARI B, MARR L C. Real-time emissions

construction equipment compared with model predictions[J].

from

Journal of the Air and Waste Management Association, 2015,
65(2): 115-125.

PIRJOLA L, R?ONKK?0 T, SAUKKO E, et al. Exhaust
emissions of non-road mobile machine:
laboratory studies with diesel and HVO fuels[J]. Fuel, 2017, 202:
154-164.

KONIUSZY A, KOSTENCKI P, BERGER A, et al. Power
performance of farm tractor in field operations[J]. Eksploatacja
i Niezawodnos$¢ — Maintenance and Reliability, 2016, 19(1):
43-47.

LOVARELLI D, BACENETTI J, FIALA M. Effect of local

conditions and machinery characteristics on the environmental

Real-world and

impacts of primary soil tillage[J]. Journal of Cleaner Production,
2017, 140: 479-491.

AR APPSR TE BR AL B OR RS e HETBOH B ) R
FER[EB/OL].[2014-12-31]. https://www.mee.gov.cn/gkml/hbb/
bgth/201407/W020140708387895425529.pdf.

A IS, ARTE B SR AU HE BURAE DT R [D). dbat: JbatF T
R, 2013

FU Mingliang. Emission Characterization of Non-Road Diesel
Machinery [D]. Beijing: Beijing Institute of Technology, 2013.
(in Chinese with English abstract)

YIE, T, T, 55 SRbRfEk ToL N AR HHERALE)
HEBCRFPELT]. Aol TFEZE4R, 2013, 29(6): 42-48.

FU Mingliang, DING Yan, YIN Hang, et al. Characteristics of
agricultural tractors emissions under real-world operating
cycle[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2013, 29(6): 42-48. (in Chinese with English
abstract)

SRR . AN R4 5 B S B/ 3 28 S LA AN [R] 4 s S
HIRRGE S5 HE BRI 75 [D]. dbat: dERtBEE TR, 2014
YU Linxiao.
Characteristics of Heavy-duty Diesel Engineat Different
Altitudes [D]. Beijing: Beijing Institute of Technology. 2014.
(in Chinese with English abstract)

LIU J, YAO A, YAO C. Effects of diesel injection pressure on
the performance and emissions of a HD common-rail diesel
engine fueled with diesel/methanol dual fuel[J]. Fuel, 2015, 140:
192-200.

LIU J L, WANG B S, MENG Z W, et al. An examination of
performance deterioration indicators of diesel engines on the
plateau [J]. Energy, 2023, 262: 125587.

JJAO Y F, LIU R L, ZHANG Z J, et al. Comparison of

Research of Combustion and Emission


https://doi.org/10.1016/j.fuel.2021.120300
https://doi.org/10.1016/j.enconman.2021.114300
https://doi.org/10.1016/j.fuel.2023.129637
https://doi.org/10.1016/j.envpol.2020.115075
https://doi.org/10.1016/j.chemosphere.2022.136052
https://doi.org/10.1080/10962247.2014.978485
https://doi.org/10.1016/j.fuel.2017.04.029
https://doi.org/10.17531/ein.2017.1.6
https://doi.org/10.17531/ein.2017.1.6
https://doi.org/10.17531/ein.2017.1.6
https://doi.org/10.17531/ein.2017.1.6
https://doi.org/10.17531/ein.2017.1.6
https://doi.org/10.17531/ein.2017.1.6
https://doi.org/10.1016/j.jclepro.2016.02.011
https://doi.org/10.1016/j.fuel.2014.09.109
http://www.tcsae.org

%520 3 BN RITHER IR L W S i HE R PRI 5 51

combustion and emission characteristics of a diesel engine emissions for type approval and field control[J]. SAE

fueled with diesel and methanol-Fischer-Tropsch diesel- Technical Paper, 2005, 26: 313-327.

biodiesel-diesel blends at various altitudes[J]. Fuel, 2019, 243: [42] NING Z, CHEUNG C, LIU S. Experimental investigation of

52-59. the effect of exhaust gas cooling on diesel particulate[J].
[41] KASPER M. Sampling and measurement of nanoparticle Journal of Aerosol Science, 2004, 85: 333-345.

Emission characteristics of biodiesel fueled in agricultural tractors

CAI Wenijie , LIU Xueyuan™ , CHEN Yanlin , YANG Tongyun , QIAO Mengxue

(1. School of Mechanics and Transportation, Southwest Forestry University, Kunming 650224, China; 2. Key Laboratory of Vehicle
Environmental Protection and Safety in Plateau Mountain Area of Yunnan Provincial Colleges, Kunming 650224, China)

Abstract: Agricultural machinery has been one of the most important sources of air pollution in China. It is very necessary to
do more research on its emissions. This study aims to investigate the effects of burning different proportions of biodiesel in
agricultural tractors at high altitudes on the emission characteristics of CO (carbon monoxide), HC (hydrocarbon), NOX
(nitrogen oxides), and PN (particulate number) under the actual operating conditions. A series of tests were carried out on the
blending B10 (10% by volume of soya bean methyl ester biodiesel + 90% by volume of diesel fuel), B20, B30, and diesel fuel
(BO) in a National IIT emission standard agricultural tractor at an altitude of 2 200 m during rotary plowing (with the engine
speed at 1 500 to 1 700 r/min and the engine power at 20 to 30 kW). OBD (board diagnostics) and PEMS (portable emission
measurement system) were used to collect data on the tractor operating conditions and pollutants, respectively. The results
showed that the biodiesel slightly reduced the fuel economy for the brake-specific fuel consumption (BSFC), which increased
by 2.31%, 2.71%, and 2.04% for B10, B20, and B30, respectively, compared with BO. The emission factors were also obtained
for the CO, HC, NOy, and PN of agricultural tractors using engine power. Specifically, the CO, HC, and PN emission factors of
agricultural tractors were reduced by 10.15%, 12.73%, and 32.10% for B10, B20, and B30, respectively, compared with BO
using biodiesel engine power; 13.22%, 26.45% and 30.58% for B0-based power; and 8.22%, 10.91% and 30.58% for BO-based
power; and 8.22%, 10.91% and 30.58% for B30-based PN emission. BO power-based PN emission factors were reduced by
8.22%, 10.91%, and 14.17%, respectively. The CO, HC, and PN emission factors increased with the increase in the percentage
of biodiesel. Biodiesel slightly increased the NOy emissions from agricultural tractors. The NOy emission factor increased, as
the proportion of biodiesel increased. The NOy emission factors for B10, B20, and B30 increased by 1.60%, 2.78%, and 4.20%,
respectively, compared with BO-based engine power. The power-based NOy emission factors of all tested fuels in the plateau
environment were more than three times higher than the recommended values of the Guideline. There was a great variation in
the pollutant emission of the tractor during actual operation. A tradeoff was made on the fuel economy and the effect of
biodiesel on NOy emissions, in order to reduce the pollutant emissions from agricultural tractors during actual operation at high
altitudes. Biodiesel can be expected to serve as an alternative fuel in small proportions for agricultural tractors. The CO, HC,
and PN emissions can be reduced to avoid the use of fossil fuels. The finding can provide a strong reference to optimize the
actual control of the pollutant emission of biodiesel combustion in agricultural tractors under high-altitude environments. The
emission database of agricultural machinery can also be supplemented to reduce environmental pollution in high-altitude areas.
Keywords: high altitude; biodiesel; emission factors; agricultural tractors; PN
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