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The study of drop impact onto solid heated surfaces is important in many industrial applications, such as the metal surface cooling in the steal industry and in the nuclear power plants, the hot coating treatment of surfaces, the diesel and gasoline direct injection, the thermal control of electronic devices. The number of boundary conditions and parameters is enormous and it is still missing a systematic description of the process in the different thermal and fluid-mechanical conditions in which it can happen.

The drop impact process shows, varying the impact velocity, three main phenomenological outcomes: the impact may lead to the deposition of the drop on the solid surface, a complex process through which secondary droplets are generated (secondary atomization), and either a complete or a partial drop rebound from the surface.

For a heated surface, the impact process has different characteristics. The boiling start-up during the drop spreading radically changes the impact dynamics. The secondary atomization is generated not through the so called “crown splash”, but because the vapour bubble explosion at the liquid interface of the spreading lamella.

The present paper will resume the results obtained in the last five years by the research group of Thermodynamics and Heat Transfer at the Industrial Engineering Department in Bergamo.

The work was committed to study the secondary atomisation due to the different boiling regimes. The impact velocity and the surface temperature, the impact angle, the surface tension and viscosity of the liquid, the surface roughness, wettability and effusivity may play a role in the droplet generation. 

In particular, a parameter which influences the spreading thermal behaviour is the effusivity, as stated by numerous papers on spray cooling and pool boiling and on low velocity drop impacts. This parameter changes the contact temperature between the drop and the surface and influences the boiling regimes. 

The role of surface roughness on boiling phenomena, both for stationary and instationary regimes was also treated. All the previous analysis treated the heat transfer, the impact morphology and the boiling regimes without studying the product of these regimes, the secondary droplets.

To define the different regimes for the secondary atomization, the Weber number and the excess temperature Tsat are the most used parameters. Varying the surface temperature, two main regimes are present: the bubble boiling, for surface temperatures lower than the Leidenfrost temperature, and the film boiling regime. For surface temperature above the Leidenfrost temperature, the formation of a vapour film during the liquid spreading lead to a rather different impact morphology, such as an early secondary atomization due to a transient nucleate boiling and the disruption of the lamella in large secondary droplets. Because the Leidenfrost temperature has a phenomenological definition, it also depends on the dynamics parameters, such as the impact velocity and angle.

Finally the experiments have been performed using an innovative drop generator, able to produce single and multiple droplets. In the second case also the effects of the drop/drop interaction have been taken into account.
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