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Experimental study on the splash/deposition limit in drop impact onto solid surfaces

J. Palacios, P. Gómez, C. Zanzi, J. López† and J. Hernández∗
Departamento de Mecánica

E.T.S. de Ingenieros Industriales, UNED
Madrid, Spain

†Departamento de Ingeniería de Materiales y Fabricación
ETSII, Universidad Politécnica de Cartagena

Cartagena, Spain

Abstract
An experimental study of drop impact onto a dry solid surface is presented. The splash-deposition limit is investi-
gated over a range of Reynolds numbers up to 20 000 and Weber numbers up to 1500. The influence of the drop
shape and the presence of the surrounding air on the outcome of the impact is studied.

Introduction
Drop impact onto solid surfaces is a phenomenon of interest in applications such as erosion of soil, spray

painting and cooling, and micromanufacturing processes based on drop deposition [1]. Possible flow patterns
resulting from a drop impact onto a dry solid surface, which depend on several material properties and dynamic
parameters, include rebound, deposition and splashes. An exhaustive classification was carried out by Rioboo et
al. [2].

The limit between splashing and deposition regimes is still under investigation, and no general agreement
exists on the critical dimensionless numbers that determine the transition between them. A detailed review of
studies on this matter can be found in [3]. Deposition is characterized by the formation of a lamella that spreads
over the solid surface without ejection of liquid upwards. On the other hand, when a drop splashes upon impact,
two possible outcomes may arise: corona and prompt splashing. Both of them are characterized by the elevation
of a mass of liquid from the solid surface. The first case involves the separation of the lamella from the surface,
forming a corona, and the second one, the ejection of small droplets from the contact line right after the impact. It
is believed that corona splashing is related to the presence of surrounding gas, and that prompt splashing occurs on
rough surfaces [4].

In this paper, an experimental investigation is carried out of the influence of the drop shape and the presence
of the surrounding air on the critical parameters that determine the transition between splashing and deposition
regimes.

Experimental procedure
Drops of different liquids, formed using needles of different gauges, were allowed to fall from heights ranging

in between 5 and 150 cm on a glass surface. These heights were adjusted in order to get the appropriate drop
impact velocity, U . A high-speed digital camera was used to capture the images of the impact at a rate of about
63 000 fps, with a shutter speed of 13.75 µs and a resolution of 256× 128 pixels. Back lighting was provided by a
halogen lamp of 1000 W. The drop impact velocity and size were measured from the movie images.

Since the drops were not perfectly spherical just before the impact, the Reynolds and Weber numbers used are
based on an equivalent diameter, defined as Deq = (DvD2

h)1/3, where Dv and Dh are the measured vertical and
horizontal drop dimensions, respectively. Different equivalent diameters were obtained depending on the needle
gauge and liquid used.

Several repetitions were carried out for each impact test, obtaining a good repeatability for most of the impact
conditions studied. In some cases, however, consecutive impact tests for drops of the same liquid, equivalent
diameter and impact velocity gave rise to different outcomes depending on the drop shape.
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Results and Discussion
In this paper we will present results for combinations of wide ranges of Reynolds and Weber numbers (Re <

20 000, We < 1500). The impact outcomes are classified as splash or deposition. The limit between the two
regimes obtained from the experimental results is in good agreement with the correlation (Oh)(Re)0.609 = 0.85,
which was proposed in [5] for the range Re < 7500. For a given Re value, and above a certain We value that
increases with Re, only corona splashes were observed (these cases correspond to impacts of drops of different
types of alcohols). On the other hand, below this We value, the observed splashing looks like a prompt splash
rather than a corona splash, as in the case of Figure 1.

For impacts close to the transition region from deposition to splash regimes, the shape of the drop affects
the outcome of the impact, as shown in Figure 2 for ethanol drops. The top row shows an oblate-shaped drop,
of diameter Deq = 2.7 mm, impacting at U = 1.82 m s−1, and the bottom row, a prolate-shaped drop with the
same equivalent diameter and impact velocity. Images in the same column correspond to the same time instant.
The paper will present results of several tests that were carried out to assess the sensitivity of the limit between
splashing and deposition regimes to drop shape variations.

Some of the tests described above were repeated in a vacuum chamber for different values of the ambient
pressure, in order to assess the influence of the surrounding air on the splashing/deposition limit. A discussion of
the results will be included in the paper.
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Figure 1. Impact of a methanol drop with U = 3.50 m s−1 and Deq = 3.1 mm (Re = 16715, We = 1370).

Figure 2. Influence of the drop shape on the outcome of the impact. (Ethanol drops of approximately the same
volume, impacting onto a glass surface; Re = 3300, We = 320.)


