ICLASS 2009, 11" Triennial International Conference on Liquid Atomization and Spray Systems, Vail, Colorado USA, July 2009

Velocity analysis of fluid structures from ballistic images
in the near field of an aerated spray
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Abstract

This work presents an application of the diagnostic technique commonly known as ballistic imag-
ing, which is adept at resolving internal structures in optically dense media. A time-gated imaging
system specifically designed for transient fuel sprays was applied to a nitrogen aerated water jet
issuing into ambient air. The images acquired by this system reveal fluid structures undergoing
breakup in the near-nozzle region of the flow. To unambiguously describe the forces that act to
break apart the liquid core in a spray, one must directly measure the force vectors themselves. To
this end, obtaining velocity and acceleration data from near-field fluid features is essential to un-
derstanding spray breakup dynamics. By employing a fast-framing CMOS camera and a new ul-
trafast laser source, consecutive ballistic images with a temporal separation of 10 ps were ac-
quired. This fast detection scheme allows the determination of velocity information from pairs of
ballistic images using cross-correlation methods. Three approaches were applied to obtain velocity
information: particle-tracking correlation analysis was applied to obtain velocity for small droplets
resolved in the images, conventional non-adaptive grid correlation analysis was applied across the
entire field-of-view, and image segmentation with subsequent grid correlation analysis was ap-
plied over the resolved fluid features larger than a reasonable size threshold. The results presented
here are an important step in understanding how primary breakup occurs in dense sprays, and
opens the way for analysis of spray breakup dynamics using time-resolved single-shot ballistic
imaging.
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Aerated water spray with 10% gas-to-liquid ratio. (a) shows the time-gated ballistic image taken at time, t,.

(b) shows the velocity field generated from ballistic image pair, taken at times t; and t,.
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