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Combustion and ultrafine particle emissions of biodiesel engine
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Abstract: To study the ultrafine particle emission of diesel engine fueled with biodiesel,
experiments were performed on a high pressure common rail diesel engine. A dynamic combustion
test system including in-cylinder pressure sensor, charge amplifier, and combustion analyzer was
used to measure the in-cylinder pressure. Subsequently, the instantaneous heat release ratio was
calculated. SMPS-3936 particle size spectrometer was used to measure the concentrations of
ultrafine particles and diameter distribution. The results show that the peak combustion pressure
of biodiesel is almost identical to that of diesel, and the peak heat release rate increases owing to
the double injection when the mean effective pressure p,.<<0.48 MPa at 1 400 r/min. The peak

combustion pressure and peak heat release rate of biodiesel decrease when p,.>>0. 48 MPa at
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1 400 r/min. In the whole load range, the rapid combustion phase of biodiesel is nearly identical
or only slightly more prolonged. However, the later combustion phase decreases in a pronounced
manner, and consequently, the combustion duration of biodiesel decreases markedly, resulting in
a concentrated heat release. The effective thermal efficiency of biodiesel decreases when p,. <<
0. 48 MPa, although it increases when p,.>0. 48 MPa, and the increment improves with the
engine load. The number concentration of biodiesel ultrafine particles is slightly higher than that
of diesel when p,,.=0. 16 MPa at 1 400 r/min, and it is distinctly lower when p,.=>0. 32 MPa. In
the complete load range, the median diameter, mean diameter, and geometric mean diameter of
biodiesel decrease significantly. Biodiesel application greatly helps in reducing the ultrafine
particle emission of diesel engines. 5 tabs, 6 figs, 21 refs.

Key words:automotive engineering; biodiesel; common rail; combustion characteristics; ultrafine

2018 4

particle

0 51 &

2016 4EAR . E RANRGERA & 19 440 74 (42
i =R RN T 7 881 T ), Lk 2015 AR ARIG K
12.8% " . BEERAERA B 2R, e K S
B G 8 H 25 8 AR RERAN %
AWK H SR E, %% LR 0. 003~
100 pm Py Z Fh ARG W 8 LA 7E  HokL 742 B
A PET AN R) s 7 A 9 2l 25 PRUORL 428 T AN [+
FLAE DRI A () AR AR K, A I A e [
P TSURE R A TR B8 A B [ A SR 2 PR T SR A
B e B S BUA R . R IR TP AR R
AT AR B2 B 1 BAR A 10 pm [
kL. /NTF 5 pem B B AT B 22 E A R 4 N 2
Ji,0.01~0. 1 pm KL W WORLAT 50 %0 45 UL B 7E fili
e R A A 5 8RR RL AR /N T 00 1 pm (Y UKL
Tk Ay 7 A0 R 0 A K R L T VR S I I g
o BIF 5 BT P A o ] K B R S UK B B T
A0 URL P 5 S S8R R G = 0 W 1 — R AL
SRR 20 UKL B A K T AL L 4 SR AR AR ME B 4
6L I e o 180T Wty A BEL i R i g A6 IR R G
T3 10 K 5 AN AL R L L, 55 3 P A IR IR L T
S 8 A AURL ) %o N A B e AR K .

2017 4, [ 55 Bt B LA #4555l 58 ¥
RV . BRBTAEIRIR A (R BIR ) s RAR AL
ik 288 K A= 1) Jo S5 65 i R 1R TS L AR A 1 I P 5 R R
—EW KRS 8], AR S — T E I AR
b I BT 5 S8, — M DA — 8 L 5 Se
BRI . KR8k Y Sl 3 A 4y Ol b R
HHE (C; Hay O, . C16 = 0)  B# Ji§ R FH i (Cyo Hys O,
C18 = 0) iR H i (Cio Hyg O, . C18 = 1) W7 i iR H

fif (Cio Hyy O, C18 = 2) FI I iR BR H g (Cio Hyp O, s
C18 + ) F AP, HA- S e fH 43 B~ 86.101.59,
38 F 230, R[] JFUREAE W S 5 Fh A T A SO
Xif B e g T S B RN S i KRR
o KT BE W NO, FRIURE 9 HE = A TR
Ay S B AR, AT DLSE aF OH Sk 48 Ak e Ml 1 % B 4
AL TS IE (PAHSs) FiF 9K 97 8 B I B Jl HE ) . &
YR W S o AT AL S AT IR BRI A
T R AR A S R R
Wapr HA BT L. 500 B fs ol 25 R L0,
0L E 5 G R R R A ) S e S AL R HE
FEHEE,

F B - 55 T 2E By S8 Jih 68 20 0RE ) HE ik B vk B 1)
B IE R D . ST AR I AE Ry 25 9 5 3 S5Ok 1)
A A 0 R 20 R 9 ) W K S M L AR ST LR IR K
I A ) S R 5T X L FE TR L B AT X EL A
5% e L 20 5 s IR P AR S8 T 5 A0 SR ) HE
Frk . ASSCHEFE R 2 A Y IR RE R A R TS e
Heods il KA BE 5 e bl BA w2 E L,

1 KEEH
1.1 EZZhH RIS

S S 1 W L IR L S N =0 2 i .
YC6G270-30 T SE ML b i A7 . 5 A 2% 3% 42
WE 1R, RSWLEESHMNE 1 iR, R MH
FHV BRI A 72 iy CW260 HL i 7 il sh AL, 7T LA B
SN S AL H A ST 3R A R A R T A
R LI HERESE bR M B KT %k 260 kW,
BORHLAE R 1395 N o m e i o ifp 56 7 7 500
r/min, JEAL 1 400 r/min T 4 il 5 W& Ky . 40 %6 671 fof
RPN 2 O (RS + 15 , i/ 1 40 %6 671 faf R
1 RWES



%5 M 7 FAEME

B AU A P B AR e ARy HE ALY M 251

[ E
W3k PR A

1 RS AL g
Fig. 1 Engine and test instruments

PEE 1 400 r/min T, 10. 8% . 21. 8% . 32. 5%.
55.0%.66.0% .76. 8% .87. 1% .100% A faf L 47

x1 KBRINSH

Tab. 1 Parameters of test engine

E 21 e
IR R 58 i EIEEL
HLAZ AT/ mm 112,132
REPLHEE/L 7.8
JE4i Lb 17.5
Wi )%/ (kW@r » min~1) 199@2200
BEHAME/ (N m@r » min~") 1080@1400~1600
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Tab.2 Main parameters of SMPS-3936 aerosol diameter spectrometer

i1 Il
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Tab.3 Main properties of test fuels
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Instantaneous heat release rates of biodiesel engine
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Fig. 2 Incylinder pressures of biodiesel engine
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Fig. 4 Brake thermal efficiencies of biodiesel engine
2.3 AREIR B BRLYHE
2.3.1 RmBrhsH

Bl 5 S AS ] T A=y 5 il 5 4%l Sub-220 nm
T 240 AURL ) HE ORI BE A A o AR SO BURE A R R
B AR AR T BV BUR ) R T B A2 D<<50 nm; 4R
B R T, B 50 nm<<D<C100 nm; B RBLA LT,
Bl 100 nm<<{D<C220 nm, ACHIHFFRXSE K D<
220 nm [RPORL Y . 8] FX Sub-220 nm Pk 4. % 3h
HLEFE S i far o 1 400 r/min.0. 16 MPa B, 17 fif 3R
M 12.5% ik A KRB 5. 01, SEil 5 AR W) S
10~220 nm f 423 FEAORL 9 CRO BURLH) TTP)
Il KR e B 5 U 3 A W {1 A 0B 4 HE i Bk
B R 42 4 B M 7604, 17.5 nm, 1400 r/min.
0. 48 MPali} ., 1 725 SR KR 2. 63, 57 UKL 4 HE
JICEUHR B 5L BG4 A, 2B ) S ity UKL ) HE TS B0k
SR oy A, U H R AR 43 A R 7901, 23.3 nm,



254

¥ERXFFROGAAFR

2018 4

1 400 r/min, & ZHL 7 a7 KT 0. 48 MPa B, 2 Fii%
Tk URE ) HE TR e BE B4 Lk B0 O3 A, HL A= ) e i U

B R AR S /N T 25 .
1.4p
——D100
~ 2r ) ----BD100
£
S 1.0f
« i
> 0.8F 1
B 0.6}
&
] o4}
8 oaf
0 240
$L 42 /nm
(a) pn..=0.16 MPa
1.27
i ——D100
g ----BD100
;0.8F
5_
=
E
= 04f
i.:d
B
0 60 120 180 240
$i#2/mm
(b) p..=0.81 MPa
0.6¢
——D100
- ----BD100
s
Q
;0.4f
5_
s
i
E= L
S 02
3.2{‘
=
0 60 120 180 240
Hi 42 /nm
(¢) pn.=1.13MPa
0.8
!
!
o i\ ——D100
£ L
5 06r N ----BD100
. |
& H
k=) "
T 04F
B !
& |
§ 1
& 02r |
=
0 1 1 1 L J
60 120 180 240
Hi42/nm
d) p..=1.30 MPa
5 OR[A] Pue T Y Sub-220 nm #8 41 507 97 HE il %ok BE 43 A
Fig. 5 Distributions of sub-220 nm ultrafine particle emissions

under different P,

2.3.2 RF I IUAR WAL M AR AL AR
2 5 AR WS 5 S AR AN [R) 0 4 AUk
YIHE OO B S AR TR B RRAE AR . R 5 ATLLAE
.1 400 r/min T2/ FP AR S T B L BD100 fY)
RO JE AR BUR B HP B AR S EAR LR E
W E /N T D100, 3% 5 A4 Py 5 Tl B8 08 1 2 1) 4
TR T REORIE R A K,
FS5 EMERSERBEER
Tab.5 Characteristics diameters of biodiesel and diesel nm
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0.81 MPa | D100 | 70.9 | 78.9 | 69.2 |135.7|136.4| 128.3
(P2 ) |BD100| 48.2 | 55.7 | 47.8 |107.2(110.7 | 102. 1
1.28 MPa | D100 | 62.2 | 71.2 | 59.0 |139.9[138.6 130.0
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