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Microscopic Visualization of Liquid Sheet Break-up Process
Near Nozzle Exit of Swirl Injector
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Experimental investigations of liquid sheet break-up very close to nozzle of practical high-pressure swirl injector,
which is used in direct injection spark ignition (DISI) engine, were carried out. Visualizations of primary spray
formation process were demonstrated using a high-speed video camera (maximum speed: 1 Mfps) with a long-distance
microscope. Initial state and development of the spray were discussed under the different injection pressure condition.
During the injection period, the length and thickness of the liquid sheet, which is produced from the nozzle exit, were
measured using Ar-ion laser sheet and high-speed camera. Primary spray structure and behavior of liquid sheet,
especially surface wave of liquid sheet, at nozzle exit were discussed using obtained images. Three main conclusions
were drawn from this study. (1) It has been shown that the liquid fuel column without swirl motion was injected as a
compact jet at the beginning of the injection. During the injection period, the spray indicates the quasi-steady state
mode. (2) Liquid film sheet has a ligament structure. Using Ar-ion laser sheet and high-speed camera, length and
thickness of the liquid sheet can be measured. Higher injection pressure causes thinner thickness and shorter length of
liquid sheet. (3) Surface waves of liquid sheet can be recognized. Higher injection pressure makes larger wavelength of

surface waves of liquid sheet of swirl injector.
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Fig. 1 Schematic image of liquid sheet near nozzle exit
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Fig. 2 Detail of nozzle of swirl injector
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Fig. 3 Whole spray images of swirl injector
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