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GAS INFLUENCE IN DROP IMPACT ON A DRY SOLID SURFACE
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Summary Drop impact performs different behaviors by changing thesig or viscosity of surrounding gas. Ae = 9350,We =
1668,for a contact angle of 90 the splash can be suppressed for small gas density or ijs@é$rontier exists between splash and
non-splash. Whereas for 18 splash can always be observed and the drop "floats" ovgathiayer. For both $0and 180, a jetis
already formed over the gas layer before "contact” whicginates the splash. Gas is essential to splash formation.

INTRODUCTION

Drop impact onto a solid surface is a complex three-phasamjes. In a wide range of conditions, a splash can be
observed. Most mechanism studies for splash formation feexesed on liquid or solid effects, but recent experiments
show that surrounding gas is also essential to splash f@njal. In this article, we try to investigate the gas inflgen

on drop impact. A liquid drop of diametép, densityp; and viscosityy, falls from a height: without initial velocity but
under gravityg impacts on a dry plane solid surface. The surrounding gaa Hassityp,, a viscosityu, and a gas/liquid
surface tensiom. The Navier-Stokes equation considering gravity and serfansion is set:

du

P = —Vp+ pAu + pg+ okdn (1)

The problem is solved in axisymmetric and dimensionlessifby a code-Gerris, which is a partial differential equa-
tion solver based on finite-volume discretisation and arptia quadtree/octree mesh arrangement as an open source
software[2]. The interface is tracked by a volume-of-flM@F)/piecewise linear interface calculation method[3heT

Reynolds number and Weber number of liquid are defineReas- %,Ws = %2’3. To describe gas influence,two

dimensionless numbers are introduced: density ratio ”—j and viscosity ratigg = % Here,two types of solid surface,
whose corresponding contact anglegre 90 and 180°, are investigated.

GAS INFLUENCE

Influence of gas density and viscosity

To study gas effect to splash formation,we keep liquid prige constant and vary only gas density or viscosity. For
gas density,we fix viscosity rati6 at 0.05 and consider density ratias= 0.0005,0.001,0.002,0.005. As shown in
Fig.1(aX:(b), as gas density decreases,the jet gets lower,but teeatite between 9Gand 180° is small. In Xu et al's
experiments[1], the gas viscosity remains nearly congtensplash can be suppressed by decreasing gas pressure. Ou
simulations reproduce the experimental observation winighies a decreasing gas density can make the splash deappe
For gas viscosity, we fix density ratioat 0.001 and consider viscosity ratigs= 0.005,0.015, 0.025, 0.05. Forf = 90°,

a transition from splash to non-splash is observed as gaestig decreases(see Fig.1(c)), whereadfer 180°, the
influence of gas viscosity is relatively small, a splash ghvexists(see Fig.1(d)).
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Figure 1. Evolution of height of head of jet &e = 9350,We = 1668.

In order to study gas influence for different impact behayibree simulations are executechat 0.001, Re = 9350
andWe = 1668. As the drop approaches the substrate, the gas layer deesland deforms the interface, a gas bubble
will be entrapped under the drop. Fbe= 90° and a small viscosity rati@, no jet is formed and the drop will contact the
substrate very quickly. The liquid sheet does not detaah fiat spreads on the substrate (see Fig.2(a)). Whereagjipr a
viscosity ratios,as shown in the inset of Fig.2(b), before the contact withstate, a jet is already ejected. And then the
drop contacts the surface, a series of small gas bubblesremed and advance towards outside. fFet 180°,if we look
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at the inset of Fig.2(c), the drop does not contact the hyrbje surface, it will "float" over the gas layer and a splash i
formed. These three cases imply that the gas layer is eakensiplash formation, the lubrication effect dominategas
layer and causes the jet ejection which originates the lsfitamation.
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(@) 8 =90°,a = 0.001, 8 = 0.005 (b) 6 = 90°, @ = 0.001, 8 = 0.05 (c) & =180°, v = 0.001, 8 = 0.05

Figure 2. Evolution of drop interface akRe = 9350,IWe = 1668.

Frontier between splash and non-splash

Here, after a series of simulations, it is found that fo= 90°, A frontier exists between splash and non-splash(see
Fig.3(a)), a transition between the two impact states i®fesl by changing gas density or viscosity. Whereas, for
0 = 180°, a splash always forms, the drop does not contact the stiatrd a thin gas layer always exists(see Fig.3(b)).
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Figure 3. Density ratioa versus viscosity rati@ at Re = 9350,We = 1668.

CONCLUSIONS

In this article, we investigate the gas influence on drop ithpéd/e find that drop impact can perform different behaviors
through varying gas properties and the splash can be suggordyy reducing gas density or viscosity. If there is a
splash,for both 90and 180 contact angles, a jet is already formed over the gas layerddfie "contact”. The thin gas
layer between drop and solid surface is essential to sptagiation. Ford = 90°, a frontier exists between splash and
non-splash, whereas fér= 180°, the drop "floats" over the gas layer, the variation of gaperties can influence the
profile of splash but a splash is always observed. We couldleda that the surrounding gas plays an important role in
drop impact issue.
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