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Abstract: This paper describes the effects of biodiesel blended fuel on the engine combustion and emission
characteristics in a four cylinder CRDI(Common-rail direct injection) diesel engine. In this work, the biodiesel-diesel
blended fuel(20% of biodiesel and 80% of ULSD(ultra low sulfur diesel) by volume ratio, BD20) and ULSD fuel are
used under the various injection pressures and engine speeds. The experimental results of BD20 and ULSD fuel show
that NOx emissions were increased and soot emissions were decreased with the increase of injection pressure. In
particular, NOx emissions were slightly increased for the BD20 fuel, however, soot emissions were significantly reduced
compared to the ULSD fuel. When the engine speed is increased from 1000rpm to 2000rpm, NOx emissions are
decreased at all tested conditions, and soot emissions are largely increased at lower injection pressure.
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Table 1 Property of ULSD and biodiesel fuel

Characteristic Diesel Biodiesel.
(ULSD) | (Soybean oil)
Cetane number 40~55 48~65
C:H:O molar ratio 16:30:0 19:34:2
Sulfur content (wt%) 0.01 0
Oxygen content (wt%) - 11
Viscosity at 40T (cSt) 2.4 3.0
Liquid density at 20°C (kg/m3) 828 884
Cloud point temp. (C) -15~5 3~12
Flash point temp. (C) 60~380 100~170
Low heating value (MJ/kg) 42.5 37.4
Stoichiometric A/F ratio 14.6 14.1




489 APEAY AARNA Holedd EFAR Ak L wrSA 139

Table 2 Specifications of test engine

Engine type 4-stroke VGT DI Diesel

Number of cylinder 4
Bore x Stroke (mm) 77.2 x 84.5
Displacement volume (cc) 1,582

Fuel injection system Bosch Common rail

DOHC 4 valve

Valve type .
per cyliner

Compression ratio 17.3

Engine Management System Bosch EDC 16

Intake open(®° BTDC) 6
valve close(° ABDC) 34
Exhaust | open(° BBDC) 46
valve close(® ATDC) 4
Max. Power (kW/rpm) 86/4,000
Max. Torque (Nm/rpm) 260/2,000
Max. Speed (rpm) 4,750

High pressure Common-rail - -ré -
purmp ————» P gss
— P —» T L__Ji® L o]
. J I_ il Exhaust gas || Smoke meter
i 001 0 g analyzer
P y =
Pien
=)
[ Exhastos
Fuel tank Intake air ‘:',.)
Pressure %“@
,;i‘é SENSOr  Charge amplifier
L ]
Crank angle
sensor
DI Cl
Dynamometer Dynamometer engine
controller
i ) .
: L | =i
ECU controller ECU Data acquisition system
— Fuel supply line == Fuel return line = Signal line

Fig. 1 Schematic diagram of test engine
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INCA V5.4)% ECU(Bosch, EDC16 ETK ECU)E
ARgstel A9kl e e dAEAS
vtelstz] 9e) A shE A (Kistler, 6057ASP)9}
aAYaz AME AFsta, JEHE s
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Table 3 Experimental conditions

Item Test conditions
Fuel ULSD, B20
Engine speed (rpm) 1000, 2000
Engine load (Nm) 40
Injection pressure (MPa) 30, 50, 70, 90

pilot injection main injection

1 |

Injection Pilot 20
timing

(° BTDC) Main 0
Injection Pilot 1.2
quantity

(mg/cycle) Main variable

(NI, Labview 82)2 Al83l0] AA7to g Alo|=
g 720071 ©lolEE HSSTE EgE <zl
A EHE F3 MEES 248 98 e
7}z 2] 7](Horiba, MEXA-554JK NOx)¢} vwi<d
=2 7](AVL, Smoke meter 407)2 Al-&3}S T

22 &8 <Y

Table 32 A|5-23l A@xA& vebdl Zlolt.
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c
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Sh= 40Nm=E  FA S B3 Am AR
AR L] MB7E Ax B owjr]SAd] v
o

= s ¥ F4s5] fE dn FARY
30MPaY-E 90MPaZ7}#| 20MPa7tA o2 L
et ar, A3 AEEE 1000rpm¥} 2000rpm
7HA1 8] 92 el ekl

dt A o 2 ®
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Engine load : 40 Nm , speed : 1000rpm
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(a) Combustion pressure and ROHR
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Injection timing : main(TDC), pilot(BTDC20°)
Engine load : 40 Nm , speed : 1000rpm
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—/—B20
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av
N
o
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6.0}

Peak combustion pressure

30 50 70 90
Injection pressure (MPa)

(b) Peak combustion pressure

Fig. 2 Combustion characteristics according to the
injection pressure at 1000rpm
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(b) Peak combustion pressure

Fig. 3 Combustion characteristics according to the
injection pressure at 2000rpm
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1200

Injection timing : main(TDC), pilot(BTDC20°)
[ Engine load : 40 Nm , speed : 1000rpm
1000 | - ©- ULSD

e ——B20
£
Q.
g 800t
<
o
=
600 |-
400 |
1 1 1 1
30 50 70 90
Injection pressure (MPa)
(a) NOx emission
12

Injection timing : main(TDC), pilot(BTDC20°)
[ Engine load : 40 Nm , speed : 1000rpm

L - O- ULSD

—/—B20

Soot (mg/m3)
(o)} O

w
T

30 50 70 90
Injection pressure (MPa)

(b) Soot emission

Fig. 4 Emission characteristics according to the
injection pressure at 1000rpm

257 91712k0] W, o=

QU gol gead sl9lshe

Y

e
p‘L
o &

B

oo i
HICS
i)

i
av)

o
Hir i
B
fA
ot
=
-0,
i o
O
2
=
=2
ol
Ho
i

ox
M
o,
2
B
i
Anj
Ho
it
o,
o
>,
Y

ofN
B>

ofAiL o]e] uwE}l NOx Hl&E%<
] ASE 70MPa®] ARG H o= AL
49 B20°] ULSDS Z9-HUt} NOx HIE%Z©]
10% 8% F7Fshe o=z S0l

N
-

£k
N

J[m
ol

W b o ol HUor@ dhe

Fig. 4b)ollAl + A8 EF FAgEe] F7hE
TE H Yyt ZxEHo] AL Wo 7]l E&E
o] 7Rl wet sootd] HiEFo] FHAskes A3
< YeEMSIYE 53] B209] -9 ULSD$} H|ulsk
of AA WEH e A4S Bole=d, ole dvky
O & sooti= dLZo|WA] FFH[7} oF 2.0 F£9
oo Wol AHHEHE Zo= duEAd Qe
g,"? B209] A$- wlelorjAe] EgEo] gl

1200
| Injection timing : main(TDC), pilot(BTDC20°)
Engine load : 40 Nm
1000 - 2000rpm ~ 1000rpm
| ULSD --m--ULSD -k
~ —/—B20 --A--B20
E 800} o
(e - .=
(=% s .
— AT
@ | e
o 600
= L [ri
! Q/
200
1 1 1 1
30 50 70 90
Injection pressure (MPa)
(a) NOx emission
40
Injection timing : main(TDC), pilot(BTDC20°)
Engine load : 40 Nm
~ 30f 2000rpm  1000rpm
ME ——ULSD --m--ULSD
R —/>—B20 --A--B20
=)}
E 20}
N—
-
o
o
0 104
ok
1 1 1 1

30 50 70 90
Injection pressure (MPa)

(b) Soot emission

Fig. 5 Comparison of emission characteristics between
1000rpm and 2000rpm
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