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Abstract: Heat and mass transfer mechanisms regarding droplet impact have been extensively studied for
dry surfaces, and in terms of droplet evaporation/combustion during free-fall. On the contrary, the droplet
impact phenomena onto heated liquid films is a topic overlooked in the literature and requires further
understanding in terms of hydrodynamics and phase change. Therefore, this work focuses on numerically
simulating droplet impact onto liquid films in the presence of vapour bubbles. The crown height, diameter
and overall development are analysed as a function of the position of the bubble related to the axis of
symmetry. Results show that the crown overall growth is affected if the vapour bubbles detach and contact

the crown wall. The size of the vapour bubbles also influences the detachment from the surface.
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1 Introduction

The mathematical and numerical comprehension of multiphase flows are topics both exten-
sively studied and far from understood. Specifically, the droplet impact phenomena and
associated interfacial phenomena, such as surface tension, evaporation and condensation,
are difficult to implement in euler-euler formulations, along with the underlying fluid dy-
namics of the droplet-liquid film interactions. These are found in practical applications such
as internal combustion engines, heat exchangers, and electronic cooling devices, in which
temperature plays a major role. If a heated surface is covered by a liquid film, local boiling
effects will occur, leading to the appearance of vapour bubbles on the impact surface, which
affect the impact phenomena.

The influence of the bubble size and spacing on the crown formation and disintegration has
been studied in previous works [[l]. However, the initial bubble displacement (which refers
to the vapour bubble closest to the symmetry axis) was not varied during the experiments,
which may be an important factor in determining the crown overall development. Therefore,
this work focuses on numerically simulating droplet impact onto liquid films in the presence
of vapour bubbles, in which the first bubble positioning in relation to the axis of symmetry
is varied.

2 Numerical Model

The numerical model consists on solving the Navier-Stokes equations coupled with the VOF
method for liquid-gas interface tracking, which has been fully detailed [I]. Basilisk [2] was the
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open-source software adopted for the numerical simulations. Figure m displays a schematic
of the physical setup. A single droplet impacts vertically onto a liquid film of a certain
thickness. Vapour bubbles are positioned in the impact surface to represent boiling effects.
These are defined by their diameter, D,, spacing, z,,, and the positioning of the first bubble,
rs, meaning the displacement of the vapour bubble in relation to the axis of symmetry. This
last parameter will be modified to verify its influence on the impact outcome.
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Figure 1: Numerical setup: z - Initial vapour bubble displacement from axis of symmetry; Dy - Droplet
diameter; Uy - Droplet impact velocity; D, - Vapour bubble diameter; x, - Vapour bubble spacing; h -
Liquid film thickness.

3 Conclusions

Numerical simulations of droplet impacting onto a heated liquid film in the presence of
vapour bubbles were performed. Results show that the crown overall growth is affected if
the vapour bubble detaches from the impact surface and contacts the liquid crown wall,
leading to disintegration. The size of vapour bubbles is also a factor, as smaller bubbles tend
to stick to the impact surface, not disturbing the crown walls.
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