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An Experimental Study on Spray Characteristics of Bio-diesel fuel in
Three Injectors with Different Operating Mechanism for Common-rail System
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Abstract

Recently, exhaust gas regulation has been gradually strengthened due to depletion of fossil fuels and environmental prob-
lem like a global warming. Due to this global problem, the demand for eco-friendly vehicle development is rapidly increas-
ing. A clean diesel vehicle is considered as a realistic alternative. The common-rail fuel injection system, which is the key
technology of the clean diesel vehicle, has adopted injection strategies such as high pressure injection, multiple injection for
better atomization of the fuel. In addition, the emission regulations in the future is expected to be more stringent, which a
conventional engine is difficult to deal with. One of the way for actively proceeding is the study of alternative fuels. Among
them, the bio-diesel has been attracted as an alternative of diesel. So, in this study, spray characteristics of bio-diesel was
analyzed in the common-rail fuel injection system with three injectors driven by different operating mechanism.
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Table 1 Specification of injectors used in study

Item DPI PI SI
Actuator type Piezo Solenoid
.. Direct .
Driving type -acting Hydraulic-servo

Maximum injection

2,000 1,800 1,600
pressure (bar)

Number of nozzle hole 7

Capacitive Induction

Load type load load
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Fig. 1 Drivng Current wave of injector used in study
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Table 2 Comparison diesel and bio-diesel

Diesel Bio-diesel
Cetane number 45 ~ 50 48 ~ 60
Sulfur (mg/kg) <30 <10
Carbon (wt%) <0.15 < 0.1
Density @15°C 815 ~ 855 | 860 ~ 900
Heating value (MJ/kg) | 40.6 ~ 44.4 37.2
Oxygen (Wt%) 0 11

Atks AT AH7F ATO. {eA E3 =
A E ¥ F-E=(Peak and hold)d] o2 AFE 7o
3, &#=ol= AYS AVt HAF dEA
(Rising time)3} A ZH(Falling time)S A o] ko] <14
Hel 3HA8E Eole 54 7L gl

= 0=

o oft
i
3,

2.2 & A0 ARBE Hio|eC|d 3

wpo] vl e sfjuteb A, A T3 e A L2
o, A TF 22 T2 AW, A48F 5F =s
&t Al S 985E BHE AW g o] 2H 2 (Fatty
methyl esters, FAME)S £3 8t} o= A oA
o= slsh 27} ARt frakstkH Ale7irt Eotk A
o AdgEN F2S ‘?:Lw7 UTE w3, & TR
o] Yy A7 71F °F 11% B=e] A2E T
o] HC, CO®| AZHERE ofugl AaAel4 Soot A
"Pﬁ} A doA JAFEA] TS A8

1

il
= o ok

01rl fo
N

"
>
i

o
S fe

P

ruorEa“.:l-ﬂﬁ;&

o,

olf

o

2

ol

fuj

B

i

ol

ﬂ?
o

o

o

u2

g
o 3

32

L o

AREER T A8 BAM A d% EDC-17 71“431101
A 2H(Bosch)yS A&3t5oH, AW Ao 7](ZB-
9013, Zenobalti %ﬁﬂ Ao 0}0313} ] 2,000 bar7}
A AFE 7MY F e IYFEZE 1.5 kW(60 Hz,
1,140 rpm)rl 88 72He RHY WES AMgste]
A Follx F &Y o= JIAE ] F5S Fl3

=

Cru
mlmJ

Injector
Driver

] &=

Fuel Tank

LED

Injector

~
7\

Suction

Fig. 2 Schematic diagram of high speed spray visualiza-
tion

Table 3 Specification of high speed camera

Item Specification
Model Phantom V7.3 Mono
Full resolution 800 x 600
Sensor type 14 bit sensor SR-CMOS
Picture per second 500,000 pps
Trigger TTL signal or Contact closure
Memory 8 G DDR RAM
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Table 4 Experimental conditions for high speed spray o
visualization %0
204 @
Item Specification g L T
Injection pressure (bar) 300 é 0 }
Injection quantity (mg/stroke) 10.3 5 ;: T I
Fuel temperature (°C) 30£2 1 ==
Constant volume chamber | Pressure and temperature T 90: 1000 1200 1400 16001800 2000
condition of atmosphere —
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Fig. 3 Mie spray images and input current for different
driving mechanism injectors at pressure of 300 bar
in case of direct-acting piezo injector
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Fig. 4 Mie spray images and input current for different
driving mechanism injectors at pressure of 300 bar
in case of hydraulic-servo piezo injector
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Fig. 5 Mie spray images and input current for different
driving mechanism injectors at pressure of 300 bar
in case of hydraulic-servo solenoid injector
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Fig. 6 Distribution of spray penetration length at injec-
tion pressure at 300 bar with respect to different
bio-diesel blending ratios
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