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DROPLET IMPACT NEAR A MILLIMETER-SIZE HOLE
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Summary When a water droplet impacts on a flat plate witioke of millimeter size, sometimes a thin, fastigegenerated, which is
markedly different from that originating from theod's rebound. We argue that the hole is the dii@ese for the jet. This is corroborated
by the fact that the jet is produced during theaging, and not the receding, phase of the drdfdeying the distance between hole and
location of droplet impact, we show that it is ese that the droplet only partly covers the halerder to generate a jet.

INTRODUCTION

Drop impact on solid surfaces leads to a wide waié phenomena. A water droplet can completelyustd and form
a jet on a super-hydrophobic surface [1], it cammf@ crown-shaped splash due to interaction witH2jj or it can
splash when encountering an obstacle [3] or a pidralong the way. Recently, the study of drop iktpan a granular
medium has been given significant attention [5]tHis case, the impacting target combines the ptiggeof a rough
solid surface with deformability and permeabilityaking this a very rich problem.

We have observed that when a drop impacts ontaughrgurface, sometimes a jet occurs that appedng tmuch
smaller than the droplet diameter. Since thesegptsear during the spreading of the droplet onsililestrate, we
conjecture that they are due to fluid rebounding afusmall holes in the surface. In order to createell-controlled
setup to test this conjecture, we study experintigntiae impact of a drop near a small hole in aheotvise smooth
solid surface.

EXPERIMENTAL SETUP

Water drops are released to impact near a cirtulkr on a perspex plate. We investigated hole déines of varying
diameter and depth. A syringe pump and a needleised to create water droplets of diameter 3.03:nim. Impact
velocity is varied between 2.9 and 5.5 m/s anddbation of the droplet is changed by moving thedie. The droplet
impact is recorded with a high-speed camera (Phdi#l) from the side with a frame rate between 58066 10000
frames per second. In part of the experimentsdigis view was combined with a simultaneous bottéemvwsing a
second high-speed camera (Photron APX-RS, 5000 Fus)these runs, the radial distance between er@uid hole
ron can be determined accurately.

RESULTS

In some cases the experiments show agreement witexpectations: impacting a droplet near a hotelpces a jet
while the droplet is still spreading. Two exampdéshis jet are provided in figures 1a and 1b, wehiéican be seen that
the jet diameter is much smaller than that of fhreading droplet. The jet forms near the centehefspreading droplet
and needs to be distinguished from the splashgofdi 1d, which is a similar phenomenon createdetetige of the
spreading droplet when it collides with the walltbé hole [4]. In other cases however no jet oasiplis formed at all,
and we observe an air bubble instead which maylypdurst or sometimes may be drawn back in tHe [figure 1c).
To shed light onto this rich phenomenology, we eixanthe radial distance between the centers ofitte and droplet
impactrpy, which turns out to be of great importance in jgteformation. We define the dimensionless distamas
the difference of the sum of drop and hole radiRyg-R,) and the radial distanegy divided by the hole diameteRg:

4 = (Ry+ Rp— rpp)/(2Ry). With this definition, the region Q1 corresponds to a partly covered hole at the mowofe
drop impact. When! is negative, the drop falls next to the hole atrmvthe dimensionless distance is larger than 1,
the falling droplet fully covers the hole.

In the phase diagram of figure 2 we plot the haime versus the dimensionless distance: Most itapty, a jet is
seen to form only when the impacting droplet pactiyers the hole, i.e., in the region34, and for the larger hole
volumes which correspond to a depth larger thanl Bplashes form when the droplet impacts at sastarte from
the hole wall (for4 < 0, as would be expected, but also for positiye Air bubbles instead of jets are invariably
observed when the falling droplet covers the holagletely, i.e., wher > 1.

Our interpretation of the above is as follows: idgtican happen when the downward falling liquid eater into the
hole and be deflected upwards again. When thengatiroplet covers the hole completely, air is g within the
hole and will prevent the liquid from entering. this case no jet will occur. On the other sidehaf spectrum, where
the overlap between the falling droplet and theshislsmall, hardly any liquid will flow into the & such that jet
formation is unlikely. As a result only in the inteediate region jets may form, provided that théedéed liquid can
leave the surface before it interferes significamtith the droplet spreading over the hole.
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Figure 1. A droplet with a diameter of 3.0 mm impacts with a velocity of 2.9 nVs on a flat surface with a hole. Depending on the
dimensionless parameter 4, which characterizes the distance between the center of impact and that of the hole, different
phenomena can occur. The bar in each picture represents 2 mm. (a) For 4 = 0.7 a jet is created at the center of the hole and a
splash at the hole wall (side view). (b) We find similar features for the smaller value 4 = 0.4, but the jet appears to be weaker and
the splash stronger (side view). (c) For 4 = 1.1 the droplet covers the hole completely, and an air bubble is formed. No jets and
splashes are produced. (top image: side view, bottom image: bottom view). (d) For very small or negative values of 4 we only
observe a splash caused by the hole wall (here 4 = 0.1, side view).
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Figure 2. A phase diagram of the hole volume versus the dimensionless distance 4, for a droplet impact velocity of 2.9 nmvs. Between
0 and 1 the droplet is partly covering the hole, a value larger than 1 indicates the droplet is fully covering the hole and a negative
value tells that the droplet is not falling directly into the hole.

CONCLUSIONS

We have shown that a jet can be created as thé ofsthe interaction of a droplet impacting neasraall hole. We
characterized the jet formation by means of a daiosmess distance parameter The jet only appears when the drop
impact partly covers the hole, as air needs tolbe @ escape. When the impacting droplet fullyezevthe hole, air is
trapped inside the hole, which prevents the folrnadif the jet.
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