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Gasoline Direct Injection Engine
Better thermal efficiency
Higher output power
Reduction engine-out emissions
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Primary break-up
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Spray diagnostics
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Measurement techniques for injection spray
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Break-up process of swirl injector

The purpose of this research
Investigation of primary spray structure
very close to nozzle of practical high-pressure

swirl injector

Ultra high-speed video camera (max. 1 Mfps)
Long-distance microscope
Laser sheet of Ar-ion laser
mm)> -Primary spray structure
-Liquid sheet length & thickness
-Surface wave of liquid sheet
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Ultra high-speed video camera
(Shimadzu Hyper Vision HEX-108)

Camera speed 1 Mfps ~ 4 kfps Exposure time | 1/2,1/4,1/8

Gain x1 ~ x50 Resolution 316 x 260 pixels

Long-distance microscope Long-distance Ultra high-speed
microscope camera

(Original)
-Cassegrain optics
-WD: 200 ~ 280 mm

-View area: appr. 4 x 4 mm E |
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Ultra high-speed video & long-distance microscope

Pressure
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Swirl
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ﬁ control unit
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Experimental apparatus
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Ar-ion Laser [l . Nozzle Ar-ion Laser l:@ g\ !Nozzle
High-speed camera with High-speed camera with

long-distance microscope long-distance microscope

1mm
Nozzle exit — Nozzle exit

Laser beam Laser sheet
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Obtained image

Nozzle exit
Metal-halide lump Laser beam Laser sheet
(63 kfps) (1 Mfps) (1 Mfps)
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Effect of light source
) 1.0mm i 1. Omm
Nozzle exit , . . — . Nozzle exit
ﬁ ﬁ ﬁ ﬁ N\ \ N\
t,=0.240ms t,=0.288ms t,=0.320ms t,=0.368ms
X& N W t.=0.260ms t.=0.324ms t,=0.388ms
t,=0.400ms t,=1.056ms t,=1.104ms t,=1.136ms
Fuel: Drysolvent, Injection period: 0.75 ms t,=0.452ms t.=0.516ms £.=0.580ms
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Spray development Primary spray development
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Effects of injection pressure on spray development
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Effects of injection pressure on spray angle

1.0 mm
—_

Nozzle exit

Captured image Revised image

Camera speed: 1Mfps Exposure time: 1/4
Pi,;: SMPa P.mp: 0.1MPa
Threshold level: 128
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Detection of liquid sheet

125kfps (1ps)

1Mfps (0.25us)
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Effect of camera speed
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Detection of liquid sheet

1 3 5
Injection pressure, MPa

Okayama University

Effects of injection pressure on liquid sheet
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Ar-ion Laser . Nozzle Ar-ion Laser l:@ g\ !Nuzzle

High-speed camera with
long-distance microscope

High-speed camera with
long-distance microscope

1mm
Nozzle exit — Nozzle exit

Laser beam Laser sheet
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Obtained image

Nozzle exit
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Visualization of liquid sheet surface
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Detection of surface wave on liquid sheet
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Effects of injection pressure on surface wave
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Visualization of liquid sheet surface
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Visualization of liquid sheet surface

Nozzle exit

Liquid sheet
break-up
(Ligaments structure)
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Liquid sheet break-up model
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