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Abstract

During the last fifty years, flash boiling spraying systems evolved from a simple dip tube, valve and actuator, in which an external flashing took place, into a system that comprises two orifices separated by an expansion chamber, in which internal flashing plays the major role. Today, spray formation of a bi-component liquid is widely used in household applications; odors, medical, and painting sprays, are few examples. This type of spraying method provides remarkably low SMD spray for a relatively low operating pressure, e.g., SMD<50(m for pressure difference of less than 300kPa. As compared to spray formation by mechanical means, for the same operating pressure, spray formation by flash boiling is characterized by smaller mean diameter, higher homogeneity, wider cone angle and shorter penetration depth. Spray formation by flash boiling provides an opportunity to generate a desired spray at remarkably low injection pressures.

The present work summarizes a decade of an extensive integrated experimental and theoretical study, of the mechanism by which the spray in such atomization systems is formed. In principle, in this method, a given mixture comprised of two different types of liquids; a solvent and a propellant, flows through the inlet orifice into an expansion chamber and leaves it through the discharge orifice. The propellant, having a higher vapor pressure than the solvent, is the source of the mechanical energy that drives the mixture out. When passing through the first orifice, it undergoes a rapid boiling process (flashing process), in which many tiny bubbles are created. The bubbles then grow along the expansion chamber, which is an essential part to facilitate attaining a pre-specified void fraction at the discharge orifice. When leaving the discharge orifice, the bubbles that continue to grow disintegrate the liquid phase, and tear it into tiny droplets. The two-phase flow through the discharge orifice may be sub- or choked-flow. In the latter, the bubbles and the liquid bulk may have different velocities, and lower SMD can be achieved. The complete flashing process in such a design is characterized by two flashing modes; an internal flashing mode at the inlet orifice, and an external flashing mode next to the discharge orifice. The internal flashing mode and the internal flow pattern have been found to dominate the process.
In the present study, special attention has been drawn to the processes inside the expansion chamber. The relevant processes, which include the pressure drop at the inlet orifice, nuclei formation, bubble growth inside the expansion chamber and the pressure drop at the discharge orifice, have been analyzed. High-speed camera photographs, have revealed different flow regimes inside the expansion chamber under different operation conditions, and thus provided a solid ground to explain the relationship between the chamber dimensions, the experimental conditions, and the observed SMD and droplet distribution characteristics of the spray.







































































