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Splashes & corolles d’impact

(applications en combustion, hydromorphologie, imprimerie, agronomie, santé…) 



Splashes & corolles d’impact

Mundo, Sommerfeld, Tropea (1995)

K = We1/2 Re1/4 > Kc‘splashing number’ :

(applications en combustion, hydromorphologie, imprimerie, agronomie, santé…) 
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digitation + pincement (pinch-off) 

(instabilités de Rayleigh-Taylor/Plateau-Rayleigh-Savart)

(b) (c) (d) : Deegan, Brunet & Eggers (2008)
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Peregri
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Splashes & corolles d’impact

Thoroddsen (2002)

Deegan, Brunet & Eggers (2008)

Splashing of high-speed drops on dry surfaces 892 A2-3

Prompt splash

Corona splash

(a)

(b)

FIGURE 1. Drop splashing at high speed on smooth dry surfaces. Panel (a) shows the
impact of a water drop at We ⇡ 5000, which leads to a prompt splash. Panel (b) shows the
impact of an ethanol drop at the same Weber number inducing a corona splash. Scale bar
500 µm.

finger-like jets ejected from the rim. Since the splash in this regime is governed by
rim instability, the diameters of the secondary droplets correlate very well with the
rim diameter (Roisman et al. 2007). Moreover, many experiments with spray impact
demonstrate that the size of the secondary droplets at high Reynolds numbers can be
scaled by the thickness of the viscous boundary layer. Thus, the ratio of the diameters
of the secondary to the primary drops is proportional to Re�1/2 (Roisman et al. 2006;
Yarin et al. 2017).

In the prompt splash regime, the droplets are ejected from small finger-like jets
directly at the surface. These jets are formed from azimuthal undulations in the free
surface cusp at the early stage of impact (Thoroddsen, Takehara & Etoh 2012). These
undulations remain approximately constant during spreading, but they can merge or
split (Thoroddsen & Sakakibara 1998). In a recent study, Li et al. (2018) pointed
out that this early-stage instability may be promoted by Rayleigh–Taylor instability.
Rioboo et al. (2001) demonstrated that prompt splash can be observed on highly
rough surfaces, thus indicating the major role played by the surface morphology.
This latter phenomenon was studied by Tsai et al. (2010), who highlighted the
effect of surface micropatterns on splashing. In particular, they demonstrated that the
arrangement of the pillars affects the generation of secondary droplets. Latka et al.
(2012) investigated the splashing on surfaces with random roughness and discovered
intermediate roughness, where splashing is promoted for low viscosity liquids and
inhibited for high viscosity liquids. Xu, Barcos & Nagel (2007) and Latka et al.
(2012) attributed the differences between prompt and corona splash to high surface
roughness; however, figure 1 clearly shows that both splashing regimes can occur on
the same smooth surface. Palacios et al. (2013) conducted experiments with varying
liquid physical properties and identified a threshold that is based on a constant
Ohnesorge number and separates prompt from corona splash at low-speed impact.
They found that viscosity promotes splashing and corona formation, suggesting that
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Burzynski, Roisman & Bansmer (2020)

‘prompt’ splash
‘ejecta’ sheet /
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rim instability, the diameters of the secondary droplets correlate very well with the
rim diameter (Roisman et al. 2007). Moreover, many experiments with spray impact
demonstrate that the size of the secondary droplets at high Reynolds numbers can be
scaled by the thickness of the viscous boundary layer. Thus, the ratio of the diameters
of the secondary to the primary drops is proportional to Re�1/2 (Roisman et al. 2006;
Yarin et al. 2017).
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directly at the surface. These jets are formed from azimuthal undulations in the free
surface cusp at the early stage of impact (Thoroddsen, Takehara & Etoh 2012). These
undulations remain approximately constant during spreading, but they can merge or
split (Thoroddsen & Sakakibara 1998). In a recent study, Li et al. (2018) pointed
out that this early-stage instability may be promoted by Rayleigh–Taylor instability.
Rioboo et al. (2001) demonstrated that prompt splash can be observed on highly
rough surfaces, thus indicating the major role played by the surface morphology.
This latter phenomenon was studied by Tsai et al. (2010), who highlighted the
effect of surface micropatterns on splashing. In particular, they demonstrated that the
arrangement of the pillars affects the generation of secondary droplets. Latka et al.
(2012) investigated the splashing on surfaces with random roughness and discovered
intermediate roughness, where splashing is promoted for low viscosity liquids and
inhibited for high viscosity liquids. Xu, Barcos & Nagel (2007) and Latka et al.
(2012) attributed the differences between prompt and corona splash to high surface
roughness; however, figure 1 clearly shows that both splashing regimes can occur on
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Burzynski, Roisman & Bansmer (2020)

‘prompt’ splash
‘ejecta’ sheet /

Corolle d’ejecta sensible à la pression de l’air ! 
Xu, Zhang & Nagel (2005)
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of the secondary to the primary drops is proportional to Re�1/2 (Roisman et al. 2006;
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directly at the surface. These jets are formed from azimuthal undulations in the free
surface cusp at the early stage of impact (Thoroddsen, Takehara & Etoh 2012). These
undulations remain approximately constant during spreading, but they can merge or
split (Thoroddsen & Sakakibara 1998). In a recent study, Li et al. (2018) pointed
out that this early-stage instability may be promoted by Rayleigh–Taylor instability.
Rioboo et al. (2001) demonstrated that prompt splash can be observed on highly
rough surfaces, thus indicating the major role played by the surface morphology.
This latter phenomenon was studied by Tsai et al. (2010), who highlighted the
effect of surface micropatterns on splashing. In particular, they demonstrated that the
arrangement of the pillars affects the generation of secondary droplets. Latka et al.
(2012) investigated the splashing on surfaces with random roughness and discovered
intermediate roughness, where splashing is promoted for low viscosity liquids and
inhibited for high viscosity liquids. Xu, Barcos & Nagel (2007) and Latka et al.
(2012) attributed the differences between prompt and corona splash to high surface
roughness; however, figure 1 clearly shows that both splashing regimes can occur on
the same smooth surface. Palacios et al. (2013) conducted experiments with varying
liquid physical properties and identified a threshold that is based on a constant
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Burzynski, Roisman & Bansmer (2020)

‘prompt’ splash
‘ejecta’ sheet /

Corolle d’ejecta sensible à la pression de l’air ! 
Xu, Zhang & Nagel (2005)

Ejecta 
: impacts s

ur solid
es ess

entiellem
ent ! 

(films minces : m
ix possible)



Credit image : Wim van Hoeve, Université de Twente.

Splashes & corolles d’impact

D’où vient le fluide éjecté ? Substrat ou projectile ?



M

Vacuum pump

High speed camera
Syringe 

Backlight

Gauge

Tank

Montage

solution eau + glycérol 
viscosité     : :

goutte d’éthanol, 
 viscosité  
 densité 
tension de surface 

pression variée entre Patm et 0.25 Patm 

(D,U0)



Résultats expérimentaux

0.95

60 microsecondes



Résultats expérimentaux

812



Résultats expérimentaux

94



Résultats expérimentaux

(a) atmospheric pressure

(b) low pressure

812

812

94

94

0.95

0.95
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Modèle numérique

> raffinement adaptatif du maillage 
 en dynamique  

                         (structure quadtree/octree)

> solveur de Poisson multigrille…

> discrétisation en volumes finis 
traitement de l’interface par méthode 

Volume-of-Fluid

Popinet JCP (2003, 2009)

http://gfs.sourceforge.net

+ Comparaisons DNS (Gerris) et expériences d’impacts : e.g. Thoraval et al. (2012)



axe de sym
étrie

R0

U0
,

,

,
= 1

= 0=

= 1

= 1

= 0

u = 0

We = 440 
Re = 6000

, p = 0, p = 0

(ex: goutte d’eau diam. 
1,1mm 

impact à 5.3m/s)

Modèle numérique

, p
 =

 0



Résultats numériques
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Résultats numériques
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Résultats numériques
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formation du jet secondaire 
(substrat)
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Résultats numériques
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Résultats numériques

r*

D/2

hl

l ~ U0t



Résultats numériques

r*

D/2

hl

l ~ U0t

Josserand & Zaleski (2003) : 



Résultats numériques

r*

D/2

hl

l ~ U0t

comparaison avec vitesse de Taylor-Culick : 

(

VTC
Vjet

et vitesse d’étalement géométrique :  

—> critère de formation du jet : 

)

V*

Josserand & Zaleski (2003) : 



Résultats numériques

r*

D/2

hl

l ~ U0t

comparaison avec vitesse de Taylor-Culick : 

(

VTC
Vjet

et vitesse d’étalement géométrique :  

—> critère de formation du jet : 

)

V*

(We,Re >> 1)

Josserand & Zaleski (2003) : 



Résultats numériques

r*

D/2

hl

l ~ U0t

comparaison avec vitesse de Taylor-Culick : 

(

VTC
Vjet

Ici 2 jets (goutte/substrat) : (à temps courts !!)

et vitesse d’étalement géométrique :  

—> critère de formation du jet : 

)

V*

Josserand & Zaleski (2003) : 



Résultats numériques



Conclusion

- Structure double de la corolle d’impact : deux jets/nappes (ejecta et Peregrine ?)   

- Transition continue d’un régime de splash-sur-solide à splash-sur-liquide  
(séparation progressive des échelles de temps)  

- Rôle de la pression sur corolles mixtes : déstabilisation à temps court de l’ejecta  
favorise la déstabilisation du bord d’attaque de la Peregrine ?  

- Critères de splash : rôle de la viscosité du substrat …


