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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)
A PN (particulate number) HEFURFE RIS, AZBFFO0 LE 4T 7 — & B 1T HEBORAE I AR - HE R HLAE 3% 2 200 m 35
B B10 (10% 1RFAKE FEEAYISEM+90% /RFHLE D . B20. B30 5458 (BO) FEHEHHN CREMIEEAT 1 500~1 700 r/min,
KBTI RIE 20~30 kW) I AH 75 e HEBU B Bl . 43 314 1 OBD (on board diagnostics) HI 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 231%. 2.71% H1 2.04%. %W 50T R BSIHL I J7 KRR AR FHHER AL CO. HC. NOy A1 PN fIHERUA 7. 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
TSR AR P 1K o R A S T 2 ME AR B Ik T HE R ML) NOy HEJi,  BEE A58 i EL B 38 m,  NOy HEJRH Tt Af Bi
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
BN T IhZ 0 NOk HEA T8 (e ) #MEFE R 3 2, I (879 HEFRE N A8 N 1) NOy HEU N +
ANIEF, T SR IR R 2 B i A LAE S PR L R A 95 e . i b BRI S T AR I HE R LAE SE R i R H (1
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 -

EEIR: SR A4 HAE T RAEREA; PN (particles number)
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BN RHE R T AL St HE RS A F T 55

HALE SRR T TAER, SHIBLE R, 3 g
1, BESUE F7 B AR S SO AR HE O S e, AR L8
Tl E A SRR P A v S o (R T DA B A v VA R X
KANPLEL A BEGE, 7T LU Z R PML CO. CO, A%
75 G, (H 23160 NOy &35 et HE . i
T A S A S AR B AR S &, (AR
SehE YD PN HEROT T B A R KA. Bk
S AT SCHLBRAE FR, A Bh T S IO 0 AN B R R E AR
AP 5 T R BT ) UL ) SR B AR, LA S
Bhipe = B ORI B B A P v T S U, A B 2 s
THALEAR (B AR, R L5847 BT DPF (diesel
particulate filter) FIFFA, Hitk, BFFEERK & A&
FEALBRAA FH A= S8 O HER, 36 Ok AU R 33
G RE R A R R D A 8585 Y FLAT B B SRR A

FHLL TS IC T R BRI LR P i S A AR 5
RS BRI HE R 1, R AR P 8 7T DAFE AR CO HE
RS AR 28 in NOy HER . e 2k
fE— G R RS AL AT A e B Rk, kI
AP B AE — e R AT CARRARBR MR RS, e rp s g
Z AT BRI R0, SAKTHI S5 78 7 4% FH S
AL LSRN DL 8 b 83 75 1 6 77 A 1 A P S i o i e
OHE R, BIF 73R B AR 48 T LAFRAR HC. CO
BUKFUS), TOMICEEAE — G hr ML _E IR A= 4 58 -5
HIRAREL, ATARHERHE RS, IR REWER K
N, SASEmAREL, CO HEBUR AKX T 11.81%2%,
HOMA 25 5%:f 5 784 i 437 LR FH 283 -2 P 46t - £ B dE AT T
BB S5 PERR S P, 25 R 7R S8 R s A=
S AT L BRARIA BRI, TS I AR ) A A
S, AVINASH 256 78 7 LA ik A kLR F H 7
HLE BRI HE R IR — F A soot HERURT L 20m%
AT R 5 5 ) A s U HE O R R S8 (portable
emission measurement system, PEMS) X i 3 17 Fp K7
FHHERI AL SR T35 R 16 R S HE O Lk 47 7 IR, 257
T 2021 4E fhE T A ORI AR R S5 e SR =R
HEROR ), XA it PEMS BEAT HERL AL S2BR T4
HEAGREE, E 7 T R B AR B 2% ST LTI ASE 7Y - X6k e Bz AL
B ATE AR A TR 95 G HEGaE AT =Y .
FLPR I3 i 5 yih HE B HLHE O 581 4 TF e H 18] Se bk
MR, 25 AR AR e R LI 18] 3 7 R HE O Sadt 47
P, ZHANG il it 45 & TR Sl . il A+
BefE R, DA P RITAG Sehrh X R A A L)
FSESCHR A R T RSO R RS (PEMS) #HTHE
FHU A2 BRI R 28 52 A AR 4R 4 ik
HLNOy S S2brizg T Tl 2 M 2 ek R, 12
H BB SR B R [ NOy HE RIS ALY i S5 LA
— A AR 6 S DU B B R /N B AR 8 i LA
FXT G, FE TR0 H PR 160 E GT-PowerfiT @ LAY, Jt T
NSGA — IDHBHTHAE A2 B brtlit, BEIKT NOy
A RHER . TV HESbR HE SR T 37 kW L ML
PEMS Il & () 77 L AR AE 225k, [ TV HEBObs #E X NOy

HEFBCRAE BE I ™A%, [FEE 52 H BOR 0kL 730 & (particles
number, PND FRAEZEK, B0y 5 SEFRfs A o 7% A 10 4
RS MW AR, SehRilat il & AL = A 4R
56 I 2 16 HE TGS T B A7 RS R i 22 =P
A, TR 2 I AOW U LE SEBR 0L 26 14 T 247 HE el
W, DA S L SE A HE ORI P2 e TR S e A
(108 BS JeHEUR 7, SRR A (RS SRS
NIRRT e HEBGE B dm AR AR ) Y Oa T AR
(Fara)) B s 7T RIWLIIENHRE T, H
JE AR A A % 7 5 R [ BT A AT B0 IX 3 P A ez AL PR HE T
Bl 25 LRTR, ZHF I Y BT PEMS X HEHHL I 82
BREEBCNAR, R B R 1 Sei HE GRS, R P i hr AL
(T HE TSR 7 B8 I A SRR A A% L

IR K SCRR R Je i CO. HC. NOy £l PM 1]
Hes R F- A A, ARAR A B AP Ak F e R AL
BEAECE (PN HERUE 71 H SR 4k 1 X R B AL
B loe AL W S s e HE RS LB 3 AT AR SR AE S i
AT M VERE AN HERUREE MR B B R 0 W 7T, XX T
EE R X RO LA R e B B . AR
TERVT WA 2200 m &, R FHHE R AR F A 47 58 3 Xt
Heme sz ol ISR 7, 6 b b 7 IR R e
PR F B . HT M L E T CO. HC. NOy
1PN T R B HE A T, AT e Ji 1L X g 57
A AR HLHEL CO. NOy. HC Hil PN ¥5 4e4 2 37 HE i
T BRI 2 RS TR S
1 RE5EE
1.1 AEE

ZAIF T A R B 2 B SO 3 A A2 0 1 4 U
AR B % (PEMS) 2235 7E SERR Bk dE L F, R
HLAE B TAESAT N HEBURFAE . W] 35S e B & s ATLHE
T SEBRIRGL, ZMR Ve B G B S R Tz
B B SN & 3 2 HE OBD 12 R4
SEMTECH-EFM ¥i &#it. SEMTECH-COSTAR HE8 4 #r
1 GPS AR Rl HEBA M BAASHUIN R R 1 FR,
wEEEREEWE | i, & EBRESHInE 2
fior, REHERALE /TR R EWE 2 fis.

x1 UHFESH

Table 1 Instrument parameters

HURENERS FAAL K Lit3
Test content Unit and scope Precision
COx 0~20% +2.0%
HC 0~1% +1.0%
0~0.3%(NO)
NO 0~0.1%(NO,) +2.0%
PN (Particles number) 0~10" 4>m™ +10.0%

1.2 SESHFCR G E

3 HE TR B TS e ) E A COL HC. NOy
FPN, AN [E B SRS 3K A R A5 . CO %
F FEM #iH i dE 4380404 (NDIR, nondispersive infrared
analyzer) JREEIE, NDIR F7 R 2 3 B Ti5 39
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XFLLAMGRERIRIR, R 2 HAEXS FR 1 2 J 1 SR #R R
E—E R ERR AL AM R, ANEASIRTS B T 1
SERIIANTE],  HRR E K AR AN AR R, 75 3
IR RINRTE T IR ST BERI 2720 . NOy K H] NOy 2
HedEs B4 (NDUV, nondispersive ultraviolet analyzer )
JEELJIE, NDUV 5 NDIR KBUHE, 247 ZH<
A3 Gy o 4 A 2 IR B B b g, SR NO
HINO, REB RSN RE, HAMDGREH I AE L, AT
GeWrrh NO M NO, IR FEBk &, RIS S84 ek 2, 48
AP CREFEIRGBR K . SARTS BB ) 5 At e 515 4
WEERCLLBIC R . HC K FID BRI SR + kA (FID,
flame ionization detector) JR I &, FID #AKl. <M
SRR S AR DI 2% BB 28 (0 IR & 72—k, JRAE
W% S5 4% 1) R S A 5% o

UM
AR Hydrogen cylinder
Fuel tank D\
¥ 1 PN
- (particles number)
I
e |
?\;_kﬂ | ;f g
E — C. Y Lpr
Flow meter ([ S—==—=1 alare ‘é@
SEMTECH-COSTAR) Iz,
”/OIX,
HL
3967 5% Computer

Battery inverter

MG

Test tractor .
ZERCH
Battery
Bl &&EEETER

Fig.1 Schematic diagram of device connection

*k2 KRESH
Table 2 Information on agricultural tools
KoxBEx i
Length- Jfif B LiiRPN

E_»( /-\ 1=h 1) =L
NK””ﬁ’h MZE’I‘%? Width- Weig- Plough Plough

ame ot the oaetOLIAM  proiohy  ht/  widt/  deptl/

agricultural tool equipment
mmxmmx kg mm mm
mm

JEREHL 2580x1 100

Rotary plough 1GBH-230 %1250 630 2300 120~180

B2 REEENETTER
Fig.2 Schematic diagram of the operation of the test tractor
AR A B IIABEI, EATTE B IE A T
X TR I B SRR, AR A R
I E R R AR AR, AR LI AR R R,

I 55 1 FLIR I R /N R HC WRFERIR/N . PN &R
FH Bk S5 A2 ORI T A3 CPN AR I T 0k 7y L AIHT L
WURE R B A o FL 52 488 F vy F H T80 P S ORE ) s FL
HEN LA RO 2 0 L P2 AR I B IR T g . S
THEHRSBHRXEAHE T, FE: BN
R FEre; ORI T HE 5 R RS A %
1.3 B8 b s AN Al AL

I AAE = R R A S E Gk 2200 m) iR
U0 A AT AR, RIS Hh SR S N AR A 103.678 78°,
Jb4h 24.820 9420, PR T 1 FECA BEHF AL R 1T HEBOR
HER L AR FR 1L TS904 HhiHl, KENHLAL 5~ YC4A100,
PR E 7G| 719 21.8 kKN, Fl5E #4538 2 200 r/min, A5 E H) %
66.2 kW . %W SRR A A b LI AR MDA p, S BEBHE
GE#h) X —Fh B AR R AT IR, R 77 &
VR A5 e 56 FH i, iEHERIHLIZ T E /D 10 min R IH
B b DA BRI e, A R AR i 0 7 AT — A
ANB IR, et DR IS B A M . BRI AT,
WIS N R A AR R L HE R % B, DU R
DR EARE R
1.4 X3

TG FH 2 5% LU I, iyl ol ) S f A v 2
M, PSRN K GBS A SE W (SME), Wb
B LRI A IR A F] L Z R VR A ki 2 Sl
B10 (E)5Em IS4 A % 1 th 9 V4D . B20 £1 B30.
% 3 FH 7 ARG SE AR AR AR R R

F3 PRI
Table 3  Properties of fuel oil

¥tk Properties BO B0  B20 B30  BI0O
K 50 5054 5083 516 544
Cetane number
A B
A
Oxygen content/% 0 1.64 2.24 3.68 10.6
(KA 42.68 4187 4159 41.06 3943
Low calorific value/(MJ-kg ") : ) : ) :
[P
Flash point 60 67 74 83 168
i

Viscosity/(mm?s ') 2-4 3.15 3.26 3.41 4.29
e BO NARAESEIH, B100 A KT AMSE, B10 4 90% ABIH BO 5
10% AR B100 SRR, B20 il B30 #AHM LU HEAT B, TR,
Note: B0 is standard diesel, B100 is pure soya biodiesel, B10 is fuel blended with
90% volume of BO and 10% volume of B100, and B20 and B30 are blended in the
corresponding proportions, the same below.

1.5 BIRETER (BSFC) MiTEMETINRNHE
WEF (EFs) tEGE

FH T~ B B U5 HLALE SE PR AT Aol 2 A v #E
Hm LU IR, 2t T TR R, S SO &
SR, SRR R R RE R, e A X
T HR:

Frx=(0.866Eg11¢0.429 Eg 0+0.273 Er(co.) /(p(X)* 1000
CWFFX) oY)
A Fpx ARFIR I FER, 75 pX) AR BRI 1,
g/mL: Exuc Erico) M Ercoy) 73783 HC. CO 1 CO,
BB I HE R 2, g/ss Cypex AURIRI IR S B, X
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HR S EUE N 0.866, AWSEIHEL 0.73, AR A E SEh A1
A S rb B A () B B, B10. B20 A1 B30 43 51 X
0.85. 0.84 Fl10.825.

BRIRMIEFESR (BSFC, Bge) tHEARWI T FiR:

Bsre = (Fryp(X) % 3.6 x10%)/P, 2)

T Bgee WA BIRMTHAER, g/(kW-h); P, NRENHLLY
E, kW,

A F HB R LA F S5 3 A5 Joe AR W) S8 BT COL CO,s
HC 1 NOy FHFI A 13 7 = 3 T R AL 3. A
FEEANAT BRI (B 55 A Bk 2 AL, TR AR

EFPe: Zi:iERP,n/ Zi:ipe’” (3

K Eppe BT IRMH 7, ¢/(kW-h); P A2 4504k
R FE AT s n o T — T ORI REEERT ], 55 @ AT 4y
A 1% LOLHI AR AR I (A NS5 RN IA), 85 Egp, 72 PG 4%
PIAESRE — 00 N RHRCE R, ofs. BEAT TR 60 24
AT, TRk R AL R TS CR B AL
T 1500~1 700 r/min, KBHLYIZLE 20~30 kW) 1L kR
Heg i

2 BREFH

2.1 8122200 m TR BRRBERER

PRIMVEFER (BSFC) 1] LLEAL BRI AR AN 2 P R
HURRIZSE . RV EE R s ST 2 000 t/min,
FEA LT 1 500~1 700 t/min, K ZHHL I ZEALE 20~30 kW,
Ha P HLAE VIS 3% o 2~4 km/he AT BAME] 3 B H, B
FEYEEM LB, A RRITHFER (BSFC) A AT
H4im, B10. B20 F1 B30 AH#: T BO Y BSFC 73534 hn 1
2.31%- 2.71% i1 2.04%, X2 BT AP0 58 1 I (E B 4
AR, A semm BRI n, MNESH R,
BSFC 2 AR 3 A

‘g 600
z
< 500 F
)
-
2 a00f
¥ e
T E
H 2 L
zf 300 [ 2 o >
=8 =l g g S
T 2 200 < Vil N <
&
8 100
&
Qo
g0
S BOO  BI0O  B20 B30

WA A2 Fuel type

B 3 4K 2200 m T RIKMHH A BRI E FE 5
Fig.3 Brake specific consumption of test fuels at 2 200 m altitudes

UEAh, BTSN R R, 2 Rkl i 5
WRCR, e FECBSFC KM . il kot X 2 U L
%, KAPLHTERD, HIEBRDFEHAIAL, R
SR E AT, Bl A FACROR 2 32 B R
FERIRZM,  ARENHLRIBAGE R T B, B SAL
IR, N7 AR RPN TAETERE, KWL EE

Z BRI SR AME TR P . BAR AR S8 il () VAR 22
FEAK BSFC, {H T AE958 il 1 & ERe ME AN v T 7S BB
Al CABRRHIR BE T N 7e 43, L PR (K BSFC IIEA, 49
SRR BRI B 7 TH AR A i TR BE AR, FTLL,
BSFC HI38 in— e/ T B %, @&+ B30 1) BSFC 4
BT B10 1 B20 g0/ . A LIRTIA, A S i 4
SxBEINHE R LIRS, B T R A AR 5 AT DA
TIFEMI I IR o
2.2 SRR HERUSE

T o W RS ST A FH HE i AL I B B HE SRR AE
L T IR WL IR 2 200 m & R 64 CO.
HC. NOy 1 PN e HEsoE 2y B Wil 4 fros, 75
YLk SR FE RO, X2 B TR R ALAE e R i ) 4
R, MR B T e L AT S 4 2R, e
R AT /N, HERGE R PR, T e L e R et
T el 6 oo 1 s S AT R AR K, I SR A
PRI B LU VR =, SEIMTE R R IR, XA BT
SEARIREE, BT LLSS AL HC B HEROE RN . 4
A 31 BSFC SR A, A W58 i 2x 5 308k i 1 i #6 &= 4
I, R e N, SRR R T, 1
T NOy FIHEB . PN (1 B ol HE 5 28 [ A= ) 8 3 (1) 46 53
I TN, wT L 4 s B, AL Xt PN HE
FA BEARAE R, T 2R 580 ) SR 1 v DA R LR
B, AR I HE

0 50 100 150 200 250 300 0 50 100 150 200 250 300
I i) Time/s I} (7] Time/s

a.CO b. HC

COHEHGEE . CO emission rate/(g-s™)
HCHEBUE % HC emission rate/(g s ™)

£ 1x10"

NOHEBGHE ZENOemission rate/(g:s™)

=
0 50 100 150 200 250 300 ﬁ 0 50 100 150 200 250 300
it 1] Time/s %: It [ Time/s

¢. NOy d. PN
B4 #H 2200m FRKMRAE) CO. HC. NOy #» PN BE T
Heaxik
Fig.4 CO, HC, NOy and PN transient emissions rate of the tested
fuels at 2 200 m altitudes

23 MKEUH &SR E T I ROHRE T

W3R B SRR B A B L) 15 % AR AT i i,
LT SAR P HERL LA M I A 2 R B LT 5 15 e
PVHETRER 5 XA P HE A LAR P AS (7] B A1) A 0 S ik 1) 2
TRAWIZEHA T HEATH e A5 (1D ~ (3D
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1% CO. HC. NOy 1 PN & T ohR A 17, 4558
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B 5 feifK 2200m FAETF % CO Hk AT
Fig.5 Power-based CO emission factor at 2 200 m altitude
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ST A HCHE R T
Power-based HC emission factor/(g-(kW-h)™")

BO B10 B20 B30
#RihFhEFuel type

B 6 AR 2200m TATHF 4 HC HAR T
Fig.6 Power-based HC emission factor at 2 200 m altitude
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Fig.7 Power-based NOy emission factor at 2 200 m altitude
23.1 CO #&BF

CO [P A A BT IR RHR e A 78 43 DL S AE R e 1t 72
FAEEANL T CORAMAN. FUKIER WS
WL EE VRS, BRI W 55 R 2 R S8 L e
A5 G e BB K. K s R LUE B, T
I CO HFA 7 BO 7E¥#FHK 2200 m T2 5.42 g/ kW-h.
S I [ B A8 14D 26 4 S 3k AT DA BRAR A F B R AL
CO HE#, B10. B20 F1 B30 M4 T BO & T K shHL o) =%
FIHEBCE T 43 3 R T 10.15% 12.73% 1 32.10%. [ifi
FH AW SE I LL ) B 36 0, CO HE B 1 BRI R 4 K,
DR A A 0 S o 2 SRR PR D S e RO 3R SRR PR R

BT ThE FINOHE I+
Power-based NOy emission factor/(g-(kW-h)™")

FEARAE m R IX, BT RIRERAR, KL
HIBCR T Re 23808, M R BALI RS, 3 i 52 i R
PebFE, B Cco HE. b, miER SR EER
K, R KR. SERIBEZRMmM, RNk
MR, HTBEATETERN COTL . Mk
X, AT 4R R SIHLIIE R TAE, #Rah R =48,
AR PR AVE 2 S B HTE FEE BO M E £,
HEHFEESHEICER, MEs T E, GEReHRRE
5, BT SRR R . IR R A0 AR ) S i
Xof AL HE R HLAE ML R H 1 CO 2 B HEBUA T PR A%
EH .

232 HC H%x B F

HC HE 32 ZE R IR T AR BR e BRI LA AN 56 4 R
e . SEIm AL T L MURR IR R 48 55k 7 5, TR R
SR N B, R R TE sE 4, BT LSS AL HC
AR o RRE I FR AL R R0 R B AL AR IR B HC (1)
HERCHR A B sl . AEHER 2200 m, BT A3 A 8 R 10
TAREEAL, SAP A ER, W SIPLE A A
SEARMRBERN KGRI, (RE T HC BIAERL, A, HE
BBt 2 RS AE A HC 13— B84k, 143 HC 1
Hec b, R AMRHR IS A oo R B A+
ANGER R, e T IABHE AR B R ke, 2
B RIS PR AR, 17 BO i1 T 52 B bk s R A B
DR, RBEEAL, V5 A IHEBOE N, AWK 6 R LA
2, BT RIWINEFHLHE T, B0 ET A HC HE
TR FAERER 2 200 m RN 1.21 g/kW-h, B10. B20 f1B30
AT BO 2T IhH A HC HEAA T2 A FEAK T 13.22%-
26.45% F1 30.58%. M _LIRMIEHE KRG, EVSEm
F LB 38 fin xsf 3 T Sh 3R HC HERCR F 2 k. 45
AT, AR S R DA RRAR AR A R LR AR L R A
HC HEiik
233 NOy HA BT

NOy HE 3 23X JUAS T s SN Ak
JE A e T S R (PSR BHLAE iR R L X B AT
REK T R R IARTA R I, HEIB R Geie &, 12
BRI, B INET YRR IR R 0P B
AT NOy MIERK. (H2, BRI ma RS ES
MEIREE, JETINHE] T NOy B 2EMY . 8% 8T 7T i
X, FARAT— AN EX NOy HEBGE AR . M
K7l AEF], BO K 2200 m FIETF RPLIR
) NOy FE A T4 28.08 g/kW-h, B10. B20 F1 B30 #H
BT BO 2T IhZ 1) NOx HEBUE +F 20 3 0 17 1.60%.
2.78% £ 4.20%.

BT 78 B X A K, B BO AN B A AR 2k
IS ARE, SERERE. INRERMIK, FIX
NOy HEUE IR A WREMK . BhAh, BT AL a5
fiX, HFEEE BO A T3 N, b0 b 7E il bk o X A8 R
BOPIRAR, AR EEROR, SWmsthE T,
HWENRIR R, GRS, 8T NOy MHER.
BT 2B HES A ST ERS, PSRl ET BO


http://www.tcsae.org

520 3

BN RHE R T AL St HE RS A F T 59

Xt NOy WIHERBEE I /o N LR EE SR E, £
S A 2 S EUR AR LE R b 2 gy B T Dh
(1) NOyx HEBE 38 i, LBl 5 A= 4 5% il 1 BE A7) %) 384
X NOy HIHERGE WG K
2.3.4 PN H#&HF

A T A AR AR R HLVE L TR PN JE T S R i HE
ATl 8 fian . fEmigR X, =S A& E R
In b S BERRAR, BREMIRBEA 52 4 5 BUBUR A HE O
EIGIN; & 2 FBUR A S IR A A S i AT R 1
I, K 55 5 AL RN B Ge BF e B E /N XN, Bk R
$E TR BRBE B N ORI B HE TG TR v TR X A 35 0 B R o
BAR, RAHENCZ G PR R RE R R, R A L
PO AE A HI 3L FE R BN K TR, 3860 T PN R,
WA, AR e 3 N 5 B T ARSI, R A mEA
(YRR S IG 0, BE I R R RT AR R BRI . AR 2
THES R M E TS E, R E R, Jkb
RN AR ORI B P A s ARBR R DY 2 B & T BAYRK
DR SRR 2 K554 (PAHs) W24, A BT %
RLETM LI BRI HERC . BO £E 4K 2 200 m £ T R 3hAL
I Z ) PN HEA T4 6.569%10" 4~/kW-h, B10. B20
1 B30 FHELT BO 2E T I E A PN HEBUH 1 20 0 FEAR T
8.22%- 10.91% FI 14.17%. B 75 A= Wy 48 o L A7) i 38
X gD PN HEBCR S M T 2 . N IR EHE o A g
AR VAR I B T s A R R HLE) PN HETBC

2

= 8x108

=2

T 7 1013_
we
B 6x108 F _
= 8 5
=«
Jﬁé 5x108 F
E g 13 = = e
23 4x10 S S
M 3x109 ) & %
" = g
£ 2x10m b 1 “
Ju S

% 1x10" F

<

X 0

g BO B10 B20 B30

=%}

WAl 2 Fuel type
B8 f#4K2200m FHATHEW PN HKET

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

ZHF R BO. B10. B20 A1 B30 BRRHEF 4 46
FAENE THLH CO. HC M1 NOy 3 T 1y 2 i HE s 5 1
Y5 CH8EY T Dh 2 i HR A A At an ] 9
Frse BN HEE B B8 RS0G5 G m0E 5 g i BoR
FEFE X T A R BN e — I HER R -, R T L
BRAE M 3R 50 HE TS B s, 9] an 78 1% Wt 70 A T HE
JBARAE T, 37~75 kW BIZhEZETEHE A A& e R L,
(Far) Heat TAHEIRHRRA -, T S B
BLFE 2200 m =y 4R T AR HE R+ AN E . B9
ATEN, B AR SR PR TR R R AL b R P
WBLEHHER NO & T (Femi) #E#E{E. BO. BI10.
B20 1 B30 & T Ih & 1) NOy HEUA F #2200 m T

Syale (FREE) HEFEMER 401, 4.07. 4.12 f1 418 £i%;
BO. B10. B20 #1 B30 & T &K sh LI Z 1) CO HE A ¥
TEWFHR 2200 m 20002 (Fard) HEFE(E R 1.08. 0.97.
0.95 A1 0.74 £%; BO. B10. B20 Fl B30 % T KWL %
() HC HEBUA T7E#4K 2200 m R332 (F519) HEFEH
17 0.93. 0.80. 0.68 F1 0.65 f%. W] LA EH], %07
WIGHREL CO F1 HC HER A A1 (38R HEFEEEN
Belr, (HNOy HEUBUA 78 (f5m) HEEFEm 3 L. &
BRIK 22 SO R (HR ) AR MR B B SR IR E E DR
BURE N E, RPLKE G B A AR AT LR AL AL
TERE P, RHUEF . RAILKE K2 A TR
WX, ZRESER, KA TIELEF AR
BEELBI AN S SRR . e BRI R, (58
A 58 4l P i v R X, e T X AR FH ML
TAERESES, w0 & AL NOy HEAGE
B2, AW EE AR B U T AE X AT Bk B
TRGE L, AR S HE O B A

%)
[
1

[2311-B0

5%

£
IS QT
DE= EZZI2-B10
— 8= 28} EZA3-B20
232 | Egemy
gz € 20 E=15- (Fam)
T8 2T
2 A Guideline
sz
N33 i
= g ‘% 14
HKEZ20
T EY
ggs '}
EJE
0 ]
12345
NOy

A9 MM T HEE CO. HC = NOy #4XBH F5
(F8m) rbix
Fig.9 Power-based CO, HC and NOy emission factors for test
fuels comparied with Guideline

3 4

A 5T B R 9 2 200 m FRD 56 4 4 9 56 b
A, LLBO. B10. B20 1 B30 7E AR BREL, S —4H[H
TTTHEFBCbR HE A& FH H B MLIEAT T 7B Cle#f) i A2
CRENHLIE E AL T 1500~ 1700 r/min, K ZHHLITHHAE
20~30 kW) ff] CO. HC. NOy 1 PN i5 4 ¥ HF s A 1
M, Zuk R iR UL T Zh 2% CO #1 HC
HEH 75 (Fara) MEFEEMAZEAR, LT A5
B —wmEse it B s B el R g e

1) R A HERALLE VR i R ook A= 0 58 il 2 B4 i 8%
M) BSFC. fE#§1k 2200m F, BI10. B20 1 B30 K
BSFC HI T BO 785BI T 2.31%- 2.71% 1 2.04%.

2) mEARBEHTRPESER, BHRSRE M
XAR, X Leo REURRHRBEA T4y, B Iis ZW i HE
L A S BT LA AR, A BT BRI R
) CO. HC 1 PN HEA T #EHEHR 2200 m F, B10.
B20 1 B30 #H#: T BO 2 T R BIHLIh R 1 CO HEl A ¥
SRR BET 10.15%. 12.73% A1 32.10%, AH% T BO %
T Ih M HC HEBUH 7 0 A BE K T 13.22%- 26.45% Fil



60 Ak TREZH (http://www.tcsae.org) 2024 4F

30.58%, AHELT BO T D) 1 PN HE A 1 70 0 BEAIC
T 8.22%. 10.91% 1 14.17%. BEEAWpLenh Lupl i in,
XA FHERIALA) CO. HC A1 PN HERUR 1B AK F B 2% .

3) AW SE T 2 B IR FHE LML NOy HEL, NOy
He 75 B 5 AE W 5 il B 0 386 img 34 . B1o. B20 Al
B30 A% T BO % T Ih % ] NOy HESCH F 45 il 38 I 1
1.60%- 2.78% 1 4.20%. & Jit 38 53 X6 A& 48 $z ML Y
NOy FEMEIK, 0L 5 T T2 1) NOy HEBUR T4

(f8m) HHER 3 FHFZ.

[& % 3 Wkl

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

2] &H, ¥, HEE, %KMK IR EE S )

HUBR K =5 e 0 HE TS0 F0). SR RL 2, 2017, 38(7):
2738-2746.
LU Jun, HUANG Cheng, HU Qingyao, et al. Air pollutant
emission inventory of non-road machineries in typical cities in
castern China [J]. Environmental Science, 2017, 38(7): 2738-
2746. (in Chinese with English abstract)

3] HEBEIIEIAEE B (2023 ) [J]. SRS, 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 engines in plateau
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
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 optimized operating
conditions[J]. Fuel, 2021, 293: 120451.

[77 MOHAMED K, TIEMIN X, WALEED A A F, et al. A
comparative study of diesel engine fueled by Jatropha and
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].
Energy Procedia, 2019, 158: 965-971.

[9] 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.

[10] ONI B A, OLUWATOSIN D. Emission characteristics and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

performance of neem seed (Azadirachta indica) and Camelina
(Camelina sativa) based biodiesel in diesel engine[J].
Renewable Energy, 2020, 149(4): 725-34.

MUKESH K, BIJAN K M, ARITRA G, et al. Performance
evaluation of a diesel engine fueled with Chlorella
Protothecoides microalgal biodiesel[J]. Case Studies in
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
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.

BRLLVE, WM, RIS BTSN A ) SR A AR R A
FHERLHL A S AL e A0 HE R 52w D). $Eho L5 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, Ba, T, % BGR 5K FHHELLEM LA H
HEPDERIIK] NOy 5 PM HETBURR PR 5 0 23 #7 [7]. PR B A} 272
%, 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-
1585.

ok, BE R, AT rp S T R T ) S4HHL SCR
PERETM[I]. fMb THEZ4R, 2021, 37(10): 64-72.

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 in IC engine performances: A long-term


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
http://www.tcsae.org

520 3

BN RITHER IR L W S i HE R PRI 5 61

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

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
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, M, AEmaR, 5. g b oK AUR F e R L HE
TR 5 2 R AR FE (). SABETS5 B 5B, 2024, 46(6):
803-809.

QIU Zhenyu, HE Chao, LI Jiagiang, 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)

AR HE RS B LTS G HE T e HE O A
SEPERTFL[D]. & AT Bl e, 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)

FLIRHF. ARTE #% 7 2h SE I W UAAHE B R K 0 X 21 BF 7T [D].
BERTE: Bl 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

Urumgqi: 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.

B, FEARIE, BRI, HEIRED T R ST NOy
HERCHEMAAIT]. 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)

W, FAR, CZEEy, S /NRUR A SR AL FE AT HE U
Z BAMEAT]. R ERE 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 from

construction equipment compared with model predictions[J].

(31]

[32]

[33]

[34]

[33]

[36]

(37]

[38]

[39]

[40]

[41]

[42]

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

PIRJOLA L, RONKKO 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]. 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.

A AR AR TE BR AL SRR RS G HETBOE B ) R
$5FH [EB/OL].[2014-12-31]. https://www.mee.gov.cn/gkml/hbb/
bgth/201407/W020140708387895425529.pdf.

AP IS, ARTE B SR AU HE B AE DT 7 [D). dbat: JbRtE T
K, 2013.

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

YIS, T, T, &5 SebRfEk THL N AR BRI
FFBURFED]. AL TREA4R, 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 (Transactions of the CSAE), 2013, 29(6): 42-48.
(in Chinese with English abstract)

ARPRIH . AN [ ¥4 o B2 S L/ = 2R S L AE AN [R] e 4 v 2
YRE 5 HEBCRFIERIT 2 [D]. bt JERTEITR:, 2014,
YU Linxiao.
Characteristics of Heavy-duty Diesel
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.

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

combustion and emission characteristics of a diesel engine

Research of Combustion and Emission

Engineat Different

fueled with diesel and methanol-Fischer-Tropsch diesel-
biodiesel-diesel blends at various altitudes[J]. Fuel, 2019, 243:
52-59.

KASPER M. Sampling and measurement of nanoparticle
emissions for type approval and field control[J]. SAE
Technical Paper, 2005, 26: 313-327.

NING Z, CHEUNG C, LIU S. Experimental investigation of
the effect of exhaust gas cooling on diesel particulate[J].

Journal of Aerosol Science, 2004, 85: 333-345.


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/10.1016/j.jclepro.2016.02.011
https://doi.org/10.1016/j.fuel.2014.09.109
https://doi.org/10.1016/j.fuel.2019.01.107

62 Ak TREZH (http://www.tcsae.org) 2024 F

Emission characteristics of biodiesel fueled in agricultural tractors

CAI Wenjie , 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), NOy
(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 BO-based power and 8.22%, 10.91% and 14.17% for B30-based
PN emission. 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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