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Analysis of Macroscopic Spray Characteristics of Diesel Injectors with Three
Different Needle Driving Type in Common Rail Direct Injection System

Jin-Wook Leet - Kyoung-Doug Min*

Abstract © The capability of high pressure injection with small fuel quantity at all engine
operating conditions is one of the main feature in common rail fuel injection system,
which is used in small and light-duty Diesel engine. The key parameter for the better
atomized fuel sprays and multiple injections of this common rail fuel injection control,
that can be freely selected irrespective of the engine speed and load is the mechanism
controlling the needle energizing and movement in high pressure Diesel injector. In the
electro-hydraulic injector, the injection nozzle is being opened and closed by movement
of the injector’s needle which is balanced by pressure between the nozzle seat and the
needle control chamber. This study describes the macroscopic spray structure
characteristics of the common rail Diesel injectors with different electric driving method
i.e. the solenoid-driven and piezo-driven type. The macroscopic spray characteristics
such as spray tip speed. spray tip penetration and spray cone angle were investigated
by the high speed spray, which is measured by the back diffusion light illumination
method with optical system for the high speed temporal photography in a constant
volume chamber pressurized by nitrogen gas. As the results, the prototype piezo-driven
injector system was designed and fabricated for the first time in domestic case and the
effect of injector’s needle response driven by different drive type was compared between
the solenoid and piezo-driven injector. It was found. therefore, that the piezo-driven
injector showed faster needle response and had better needle control capability by
altering the electric input value than the solenoid-driven injector.

Key words : Diesel spray(tl® EH),  Needle drive type(SldE UE T,
Solenoid-driven injector(£dXxol= 7% <¢AH), Inverse piezoelectric effect (%
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Fig. 2 Schematic of inverse piezoelectric effect for
driving the piezo-driven injector
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Fig. 3 Intemal fuel flow structure in piezo control
chamber of piezo-driven injector

Photo. 1 Prototype piezo-driven injector and
controller
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Table 1 Electrical and nozzle specification for three
common rail injector
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Fig. 4 Schematic diagram of experimental setup

(a) Spray chamber (b) High-speed camera
Photo. 2 Apparatus for spray visualization
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Fig. 5 Comparison of spray characteristics of
solenoid injector with different drive type
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Fig. 6 Comparison of spray characteristics between
solenoid and piezo-driven injector
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