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Refined Similarity Laws in Spary from the Swirl Injector
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Unsteady spray injected from a swirl injector is numerically simulated to obtain a similarity law for the tip pen-
etration. An original three-dimensional (3D) simulation code was developed to analyze the two-phase flow consisting
of liquid droplets and ambient gas, in which the equations of motion of droplets and the dynamical equation for the
ambient gas flow were solved simultaneously accounting for secondary atomization of droplets. Tt was confirmed that
the tip penetration obtained by our code agrees well with the experimental results conducted by ourselves. The time
dependence of the tip penetration was determined from the numerical results, and a rough similarity law for the tip
penetration was assumed by the dimensional analysis. Then the rough similarity law was refined by comparing it in
detail with the data obtained by the numerical simulation. The refined similarity law gives better agreement with
the numerical results though some deviation from them is observed for the case of high pressure injection. The origin

of the deviation was clarified by the analyses of vortex structures.
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