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Abstract

This study was performed to investigate the effect of biodiesel derived from waste cooking oil on the spray behavior and
macroscopic spray characteristics. To analyze quantitative characteristics of test fuels, injection quantity was measured at var-
ious injection pressures and the spray images of injected fuels in the pressurized chamber were obtained by using a high
speed camera and image analysis system. Based on the measured spray images, the spray tip penetration and spray cone
angle were investigated at various energizing timings and injection pressures. In this work, the experimental results showed
that the injection quantity of waste cooking biodiesel indicated the higher quantities than diesel at high injection pressure.
As the injection pressure was increased, the spray tip penetrations of biodiesel were higher value than diesel. The difference
of penetration between biodiesel and conventional diesel fuel was reduced in accordance with the increase of injection pres-
sure. Also, the spray angles of diesel were larger than that of biodiesel because diesel fuel has lower viscosity than biodiesel.
In addition, the spray evolution processes of biodiesel fuel at various injection pressures and the elapsed time after the injec-
tion were compared to the conventional diesel fuel.
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Fig. 1 Schematic diagram of the fuel spray visualization
system

Table 1 Specification of visualization system and injector

High speed camera

Frame rate 10,000 fps
Shutter speed 1/10,000 sec
Resolution 512 x 512
Light source
Light source Metal halide
Power 150W

Cooling method Air-cooling

Injector
Type Solenoid
Number of hole 6
Nozzle hole diameter 0.128 mm
Spray angle 156°
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Table 2 Properties of WCO biodiesel and diesel

Property Bi\gld(i:eosel Diesel
Carbon content (wt%) 77 87
Hydrogen content (wt%o) 12 13
Oxygen content (wWt%) 11 0
Liquid density (15°C, kg/m®) 882.1 826.2
Kinematic viscosity (15°C, mm?/s) 42 2.359
Lower heating value (MJ/kg) 31.926 | 43.038
Cetane number 54 532
Flash point (K) 181 61
Table 3 Experimental conditions
Item Experimental condition
Injection strategy Single injection
Injection pressure (MPa) 30, 60, 90, 120
Ambient pressure (MPa) 3
Energizing duration (ms) 1
Test fuel Diesel, WCO Biodiesel
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Fig. 2 Comparison of the injection quantity between diesel
and WCO biodiesel at different injection pressure
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Fig. 3 Comparison of the spray images between diesel
and WCO biodiesel at different injection pressure
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Fig. 4 Comparison of the spray tip penetration between
diesel and WCO biodiesel at different injection
pressure

ll i
00 0

35 Pamb : 3MPa, teng : 1ms

Diesel Biodiesel Pinj
—&— -<r- 120MPa
—A— -</-- 90MPa
—e— -<O-- 60MPa

30MPa

w
o
T

Spray cone angle (°)
N
(8]

N
o
T

D~‘~ - -

LT Sy

15 1 1 1 1
03 04 05 06 07 08 09 1.0

Time after SOI (ms)

Fig. 5 Comparison of the spray cone angle between die-
sel and WCO biodiesel at different injection pres-
sure
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Fig. 6 Comparison of the spray area between diesel and
WCO biodiesel at different injection pressure
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