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Effect of Pilot Injection on Combustion and Exhaust Emissions
Characteristics in a Biodiesel Fueled Diesel Engine

Kyusoo Jeong, Donggon Lee, Hyun Gu Roh and Chang Sik Lee

ABSTRACT

The purpose of this study was to analyze the effect of pilot injection strategy on the combustion and emissions
characteristics in a four cylinder common-rail direct injection diesel engine fueled with biodiesel(soybean oil)
blend. The tested fuel was mixed of 20% biodiesel and 80% ULSD(Ultra low sulfur diesel) by volume ratio.
The experiments were performed under two load conditions, and results were compared with those of single
injection. The experimental results showed that the ignition delay of BD20 was shorter than compared to that
of ULSD in the case of low load condition. Also, the fuel consumption of BD20 was more higher than that
of ULSD. Fuel consumption by applied pilot injection strategy were generally decreased compared with that
of single injection. In the case of pilot injection, the exhaust emissions such as CO and HC emissions were

decreased compared to the single injection.
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Table 1. Specification 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 (L) 1.582

Fuel injection system

Bosch common rail

Valve type

DOHC 4 Valve per cylinder

Compression ratio

17.3

Engine management

Bosch EDC 16

system
Open(deg. 6
Intake BTDC)
valve Close(deg. 34
ABDC)
Open(deg. 46
Exhaust BBDC)
valve Close(deg. 4
ATDC)
Max. Power (kW/rpm) 86/4,000
Max. Torque (Nm/rpm) 260/2,000
Max. Speed (rpm) 4,750

Sensor _froensor

ULSD+ Biodiesel
blended fuel tank

ULSD tank

Dynamometer
L

Exhaust gas analyzer

Crank angle (NO,, CO,HC)

Smoke meter

"""""" Fuel return line

Data acquisition system ECU controller === Signal line

Fig. 1. Schematic diagram of experimental setup.
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Table 2. Property of ULSD and Biodiesel fuel

Table 3. Experimental conditions

.. Diesel Biodiesel Fuels BD20, ULSD
Characteristic
(ULSD) (Soybean) Injection pressure (MPa) 50
Cetane number 54 48~65 Pilot injection
Main injection
Carbon content (wt%) 87 77 Injection method {
Hydrogen content (wt%) 0.01 0 ﬂ ﬂ
Oxygen content (%) - 1 Engine speed (rpm) 1,500
Sulfur content (Wt%) 0.01 0 Cooling water temp. (K) 353 3
Viscosity at 40C (cSt) 3.11 4.75
o : +
Liquid density at 20TC i D2 () 314 3
3 828 884
(kg/m’) Load (%) 20, 60
Cloud point temp. (C) 0 -1 i '
Flash point temp. (C) 59 136 Pilot quantity (mg/cycle) 1.8
Low heating value (MJ/kg) 42.5 37.4 Injec{tion Main 30, 00, 3°
Stoichiometric A/F ratio 14.6 14.1 timing
(deg. .
ATDC) Pilot -50, -40, -30, -20, -10
3} ek Az tAAR} vl oT4 ExteAR(o]

s} “BD207, Hlo] 2 T4 20%, T4 80%, AH|ZH])E At
Bokaieh E3, XA} = Aol 2= TH(ETAS, INCA
V5.4)7} ECU(Bosch, EDC16 ETK ECU)E A&-514 3
O] ALEHE shote}r] 98] o|d B4
A 22} A A|(Kistler, 6057ASP)S} T2 27+ MAE &
Z5ka1, DAQR. E(NI, PCI6251 & SC2345)9F 4~ E
FII(NL, Labview 8.2)5 ARg-3to] AAZFO. 2 H|o]¥]
£ FISsHATh B3 AR oA viEE = vir7tAE
B4517] 918 7] 7k A 23] (Horiba, ME XA-
554JK)¢} v =2 7](AVL, Smoke meter 407)S A}
S5} 4t} Table 2= A 7-3 t] & (Ultra low sulfur
diesel) 7} v}o] @ t] H(soybean oil)2 H| W3 A O = Ht
ol ot e Algks7h AT vlmso] At Hoz &
7] wholl Qs Al Zshgo] ool Qe BATE
vjol AbaA o] mqHElo] Qo] AaA oA f3)
WE7hA7h AgEE TS @ 4 rHIo)

2.2, Ay dH

2 A wdEl EApdEe] 7F Rate] et oA
2 37|54 ol FIS mA= A 245 9
3| Th Table 33} -2 AP 7oA AHS +=3P35}
ok A AL == 1,500 pm= A543 o, £
Stz AL AEs 2742 20%8e}t s 271421 60%
T 7HAS) 244 T AP A2 18] 1)
A FAFE A&sto] FUsl FAFFS 1.8 mg/cycle
=2 dAsHA EAskITh B3 gl sl EAF A7 =

BTDC 10°5-¥] 50°7}%] 10°7+Z o2 174819 on,
FHA} A]7]+= BTDC 3°, TDC, ATDC 3° A -7kl A
AAISHITE el sl sl ZEARe] A SRS Hlasty]
A& GUEALE BTDC 9°0 4] TDC7HA] 3°7+A <

£ 20%2} 60%2] 2SR

A3k Afeel A wFlSl BARHZ] uhE BD20A RS
A4 5/9& ULSDS} v wato] Lhehw e oo}
Fig. 2(a)i= 551 20% 27014 513 BAMA 7] &
BTDC 30°2 A% Afefoll 4] A A7) ATDC
3°%€] BTDC 3°7H4] 3°7b4 02 212kt uf o}
2 AxEa o WHES el ol B
NME FBEA A7|7he FRA A7) RE % R4 A

WAEEe] 5% WA H AN 2 A elstart. 48 A
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P tp: BTDC 30° mp : 1.8mg/cycle g
g Pinj : 50MPa, Engine speed : 1500rpm, Load : 20% [))
S |[Bp20 ¢t uLSD 3
= 61— atDC3° 190 =
Q |---mc --- ey =
@ [=--- BTDCF - SN %
84 160 &
5 2
c

S 3
b7 {30 T
g <
€ S
S 4]
0o 0o LT

-20 -10 0 10 20 30
Crank angle (deg. ATDC)
(a) Combustion pressure and HRR at the
low load condition
120

tp: BTDC 30° mp : 1.8mg/cycle
Pinj : 50MPa, Engine speed : 1500rpm, Load : 60%
BD20 tm  ULSD

6 —— ATDC3—— A 190
PN
—-=TDC - ;PN
-—ecew B’I’DC 30_,._..4 s

EN

60

la—

30

N

Combustion pressure (MPa)

Heat Release Rate (J/deg.)

20 -10 0 10 20 30
Crank angle (deg. ATDC)

(b) Combustion and HRR at the medium load condition

Fig. 2. Effect of pilot injection strategy on combustion

characteristics.
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Fig. 3. Effect of pilot injection strategy on COVpmax and
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Engine speed : 1500rpm
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Fig. 4. Effect of pilot injection strategy on indicated
power and indicated specific fuel consumption.
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Fig. 5. NO, and soot emission characteristics according
to pilot injection strategy.
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to pilot injection strategy.
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