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Abstract
The impact of liquid droplets onto a film of an immiscible liquid is studied experimentally across a broad range of parameters 
[ Re = O(101 − 10

3) , We = O(102 − 10
3) ] with the aid of high-speed photography and image analysis. Above a critical impact 

parameter, Re1∕2We
1∕4 ≈ 100 , the droplet fragments into multiple satellite droplets, which typically occurs as the result of 

a fingering instability. Statistical analysis indicates that the satellite droplets are approximately log-normally distributed, 
in agreement with some previous studies and the theoretical predictions of Wu (Prob Eng Mech 18:241–249, 2003). How-
ever, in contrast to a recent study by Lhuissier et al. (Phys Rev Lett 110:264503, 2013), we find that it is the modal satellite 
diameter, not the mean diameter, that scales inversely with the impact speed (or Weber number) and that the dependence is 
d
mod

∼ We
−1∕4.

1 Introduction

The impact of liquid droplets onto dry solid surfaces, deep 
liquid pools and thin liquid films has been a subject of 
intense research (Josserand and Thoroddsen 2016; Yarin 
2006) and is pertinent to many physical processes such as 
spray coating and printing. One particular feature of inter-
est is splashing (Xu et al. 2005; Xu 2007; Thoroddsen et al. 
2011; Thoroddsen 2012; Stevens et al. 2014), i.e. the pro-
cess by which satellite droplets are produced. These droplets 
are typically much smaller than the original droplet (e.g. 
Cossali et al. 2004; Villermaux and Bossa 2011; Fassman 
et al. 2013; Riboux and Gordillo 2015) and for millimetric-
diameter droplets impacting smooth dry substrates, it was 
shown (Thoroddsen et al. 2012) that droplets of the order of 
10–100 μ m are generated. For other configurations, such as 
impact onto millimetric liquid films of the same liquid (e.g. 
Samenfink et al. 1999; Motzkus et al. 2008, 2009) droplets 
as small as 10 μ m were found. For authoritative sources on 
the mechanisms involved in splashing, the reader is referred 
to the works of Yarin and co-workers (e.g. Yarin and Weiss 

1995; Yarin 2006; Yarin et al. 2017) and Deegan and co-
workers (e.g. Zhang et al. 2010).

In contrast, little attention has been paid to the impact 
dynamics of drops onto different films (e.g. Thoroddsen 
et al. 2006), especially when the impacting droplet and the 
target film are immiscible. Notable exceptions are the works 
of Murphy et al. (2015) and Lhuissier et al. (2013), where 
water droplets impacted targets of either thin oil films on 
top of water or a pure silicon oil bath, respectively. In both 
cases, satellite droplet diameters of the order of 10–100 μ m 
were again prevalent.

Here, we consider the fragmentation of a water droplet 
during impact onto an immiscible film to determine droplet 
size distributions. Figure 1 and the corresponding supple-
mental video present to the reader a typical sequence of this 
phenomenon.

2  Experimental

The experimental setup is shown schematically and pho-
tographically in Fig. 2a and b, respectively. A droplet with 
diameter, D0 ≈ 3.6 or 5.3 mm, is released from a set height, 
hr , above a small metallic target containing a 5-cm-diam-
eter, shallow well. The well has a depth of either 1, 2 or 3 
mm, yielding an oil film of thickness, � = 1 , 2 or 3 mm. 
The droplet impacts the target with speed V0 ≈

√
2ghr = 1.4

–3.84 m/s, which is measured from video sequences. The 
impact dynamics were captured by a high-speed video 
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camera (Phantom Miro 310) with a top-down view, angled 
at approximately 65◦–70◦ from horizontal. The typical 
frame rate used was 5000 fps, which means that the moment 
of impact could be discerned to within ± 200 μs, but in 
some cases we used higher frame rates. In particular, the 
drop impact speed was calculated from side-view images 
at up to 30,000 fps. The camera recordings were manu-
ally triggered and diffuse lighting was achieved using an 
LED and diffuser screen. The effective pixel resolution was 
approximately 40 μm/px and we measure the final satel-
lite size distributions at the end of the dynamics. Due to 
the inclination, the effective pixel sizes in the horizontal 
and vertical extents differ slightly, by about 7%, which was 

taken into account when measuring the crown diameters 
and droplet sizes. Noting that all the droplets are generated 
in a relatively short time period of approximately 50 ms, 
and the crown formation and collapse obscures the view, the 
ensuing analysis does not consider the temporal evolution 
of the size distributions.

The target oils were either commercial-grade cooking oils 
or (PDMS) silicone oils specified by kinematic viscosity. 
The oil films were drained and replace by fresh oil after 
each experimental trial, where up to 4 trials were done for 
each condition. The physical properties of these oils at ambi-
ent room temperature of approximately 20 ◦ C are given in 
Table 1. The interfacial tensions of the oils used in this study 

Fig. 1  Image sequence showing the impact of a water droplet onto an 
oil film. The initial crown splash (first row) gives rise to fingers that 
fragment during retraction (second row) and leave a multitude of sat-
ellite droplets submerged in the oil film (third row). The scale bar is 1 

cm long and images are taken at t = 0 , 10, 20, 30, 40, 50, 60, 70 and 
120 ms from first contact. We = 1045 , Re = 204 , �∕D

0
= 0.55 . (See 

also the supplemental video)
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with water, �ow , are all reported to be in the range 23 − 25 
mN/m (e.g. Fisher et al. 1985; Than et al. 1988). In accord 
with the arguments of Marston and Thoroddsen (2008), 
the impact is best characterized with composite Weber and 
Reynolds numbers based on the droplet diameter and impact 
speed, We = �D0V

2
0
∕� and Re = �D0V0∕μ , where � , μ and 

� are the density, viscosity and surface tension of the target 
oil film. We also consider the ratio of film thickness to the 

droplet diameter, �∕D0 . Based on the range of parameters 
used in this study, we cover the following range of dimen-
sionless numbers:

3  Results and discussion

To qualitatively visualize the influence of the three primary 
control parameters—namely—impact speed, film thick-
ness and film viscosity, we refer the reader to the images 
in Figs. 3, 4 and 7. In Fig. 3, we fix the impact speed at 
V0 ≈ 2.42 m/s and show the influence of both increasing 
viscosity and film thickness. Note that these images show 
only the final image, at the end of the dynamical process.

For intermediate dynamics, we refer the reader to Figs. 4 
and 5. We observe that the lowest viscosity produces the 
least droplets for all film thicknesses, whilst for higher vis-
cosity, the number of droplets decreases as the film thick-
ness increases. Also, for the highest viscosity, the droplets 
appear to radiate out from the centre along distinct lines. 
This is because the droplets are shed from the fingering pat-
tern which emerges during the retraction.

For the lowest viscosity, in the top row of Fig. 3, we 
observe that the film thickness has no significant effect on 
the resulting fragmentation. At this low viscosity, more of 
the impact energy is dissipated in the oil film itself, leading 
to a corona formation comprised largely of target liquid, as 
evident from the image sequences in Fig. 4.

As the corona falls back onto the film, the water droplet 
has already retracted towards the centre, but a few elon-
gated thread remain in each case (see the final images in 
each sequence). Hence, the resulting number and distribu-
tion of satellite droplets remain largely unaffected by the 
film thickness. In contrast, for the high-viscosity films, the 

200 ≤ We ≤ 4000, 50 ≤ Re ≤ 4630, 0.18 < 𝛿∕D0 < 0.77

Fig. 2  a Schematic representation and b photograph of the experi-
mental configuration. The camera view is inclined at an angle of 
approximately 65–70◦ from horizontal

Table 1  Physical properties of the liquids used in the experiments. 
Viscosities were measured on a Brookfield DV3T rheometer at 20 ◦C

Liquid Viscosity Density Surface tension
μ (mPa s) � (kg/m3) � (mN/m)

Water 1.0 996 72.1
Coconut oil 36.1 948 33.4
Corn oil 60.3 938 33.4
Canola oil 66 936 33.8
Peanut oil 75.2 926 35.5
Silicon oil ( � = 5 cSt) 4.56 913 19.7
Silicon oil ( � = 10 cSt) 9.3 930 20.1
Silicon oil ( � ≈ 50 cSt) 54.53 917 20.8
Silicon oil ( � ≈ 100 cSt) 107 967 20.9
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corona formations are qualitatively different for � = 1 and 
� = 3 mm (see third and fourth rows of Fig. 4); the extent of 
the corona is significant for the thinner film ( � = 1 ) and the 
water droplet has clearly become incorporated and formed 
clear ligaments at the maximum extent (image 3). For the 
thicker film, the corona is not as pronounced due to higher 
initial energy dissipation within the film and hence the water 
droplet does not deform as severely and does not form liga-
ments until the corona has fallen back onto the film. As such, 
the influence of film thickness is qualitatively different for 
high- and low-viscosity films.

For a side-view perspective of the corona evolution, 
Fig. 5 shows three examples for (a) low viscosity and thin 
film, (b) low viscosity and thick film, and (c) high viscos-
ity and thin film (see figure caption for parameters). Note 
that the corona breaks up for the thin film in (a), but not in 
the thick film of the same viscosity in (b) nor in the higher 
viscosity film in (c). From this perspective, the temporal 
evolution in terms of height, H, and upper diameter, Due , 
of the crown (as defined by Cossali et al. (2004)) can be 
characterized. This analysis is shown in Fig. 6, indicating 
that the film viscosity and thickness play an important 

role in determining the crown evolution. In particular, we 
highlight the fact that the crown in the high-viscosity film 
only reaches H ≈ 3 mm above the film surface and col-
lapses within 18 ms, whilst the low-viscosity film permits 
extended growth which results in collapse back to the 
film ( � = 3 mm) or break-up ( � = 1 mm). The curves are 
qualitatively similar to those observed in previous studies 
of crown splashes (e.g. Cossali et al. 2004; Yarin 2006; 
Zhang et al. 2010).

In Fig. 7, the film thickness and viscosity is kept con-
stant whilst the impact speed increases from (a) 1.4 m/s 
to (b) 2.21 m/s to (c) 2.97 m/s. In (a), there are no drop-
lets besides the primary impact droplet indicating that 
this impact condition ( Re = 120 , We = 303 ) is below the 
threshold for fragmentation. In (b), the number of drop-
lets is N = 34 , whilst for (c), this increases to N = 53 . As 
such, the immediate qualitative observations are that the 
number of droplets increases with impact speed and, for 
high-viscosity films, inversely related to the film thickness.

Fig. 3  Final images from video 
sequences showing the influ-
ence of both film thickness and 
film viscosity for a fixed impact 
speed, V

0
= 2.42 m/s and drop 

diameter D
0
= 5.5 mm. The 

film thicknesses from left to 
right are 1, 2 and 3 mm, whilst 
viscosities from top to bottom 
are μ = 4.56 , 36.1 and 66 mPa 
s. (Top to bottom: Re = 2919 , 
369, 202 and We = 1635 , 964, 
953)
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3.1  Fingering pattern and droplet shredding

In contrast to satellite droplet formation in the so-called 
‘prompt splashing’ mechanism, where droplets are ejected 
from the tip of the lamella (or ejecta), we find that the sat-
ellite droplets here emerge as a result of extension of the 
fingers during retraction of the primary droplet. Figure 8 
provides an example of this phenomena for a film viscosity 
of μ = 60.3 mPa s and � = 2 mm ( We = 1060 , Re = 224). 
With reference also to Figs. 1 and 4, it is clear that the tips 
of these fingers stem from the corona stage—as evident from 
the third image in this sequence; however, the fingers do 
not undergo extension (retraction) until the corona has col-
lapsed onto the film. Thus, extension dynamics are largely 
constrained to the plane of the oil film.

The viscous drag felt by the fingers causes the tip of 
the fingers to retract significantly slower than the edge 

of the droplet, causing extensional flow leading to thin-
ning and ultimately, break up into satellite droplets. Based 
upon typical retraction velocities, Vret ≈ 0.3 m/s and finger 
lengths of l ≈ 5–10 mm, we estimate the extension rate 
to be of the order �̇� ∼ 30–60 s −1 , which is in quantitative 
agreement with those reported by Bartolo et al. (2005). 
The extension is clearly observed in the zoomed images 
to the right of Fig. 8. In this particular realization, there 
are 11 primary fingers (although the 11 o’clock finger has 
two tips), each giving rise to several droplets yielding a 
total of Ndrop ≈ 89 . During this process, various diameter 
droplets are generated typically with the largest at the tip, 
where d ∼ 1 mm. At a qualitative level, we can gain insight 
into this process by balancing the two principal forces at 
play—namely—capillary force from interfacial tension, 
∼ �d�i , and viscous drag force, ∼ �μdVret . This gives rise 
to a capillary number, Cai = μVret∕�i , which ranges from 

Fig. 4  Image sequences showing the corona formations for the extreme cases of Fig. 3 with μ = 4.56 mPa s and 66 mPa s, and � = 1 mm and 3 
mm
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O(10−2) for the lowest viscosity oils up to O(1) for the 
higher viscosity oils used. At the high end of this range, 
we thus see that viscous forces indeed become significant 
during the retraction, thus contributing to the break-up.

Using our definitions of the impact Reynolds and Weber 
numbers, the scaling of Marmanis and Thoroddsen (1996), 
Nf ∼ Re1∕2We1∕4 , would predict Nf ∼ O(10) which is indeed 
the case for all of our trials. In fact, this composite impact 
parameter can be used to describe the approximate thresh-
old for fragmentation, whereby Re1∕2We1∕4 ≈ O(100).

As a final comment, regarding the mechanism of finger for-
mation, we note that the wavelength, � , associated with the rim 
instability which leads to the fingers can be given as

where D is the crown diameter. Furthermore, the key rela-
tion in the Rayleigh–Plateau instability that relates the wave-
length to the corresponding thickness of the crown is � ∼ 9� 
(e.g. Marston et al. 2016). From our experimental images, 
we estimate � ≈ 600–800 μ m at the maximum crown diam-
eter of D ≈ 2–3 cm. Using these typical values, we have 

�D = Nf�

(a) (b) (c)

Fig. 5  Image sequences showing side-view perspective of the corona 
formations for the a μ = 4.56 mPa s, � = 1 mm, b μ = 4.56 mPa s, 
� = 3 mm and c μ = 66 mPa s, � = 1 mm. The drop diameters and 
impact speeds in all cases were D

0
≈ 4.3 mm and V

0
= 2.56 m/s, 

respectively, yielding Reynolds and Weber numbers of Re = 2204 , 
2204, 156 and We = 1306 , 1306, 789. The times relative to impact 
are shown in (a)
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� ≈ 0.5–0.6 cm, which yields Nf = �D∕� ≈ 9–17, in good 
agreement with the observations herein (e.g. figures 1, 4, 
and 6). This means that the Rayleigh–Plateau instability is 
likely to be the dominant mechanism at play, at least in our 
experimental parameter range (Zhang et al. 2010).

3.2  Satellite droplet size distributions

The cumulative size distributions, exploring the influence 
of both film thickness and impact speed, are presented in 
Fig. 9a–c for a single viscosity, μ = 60.3 mPa s. For each 
case, the distributions encompasses multiple repeat trials 
(minimum of 3) and the data are representative of the final 
state, i.e. once the fragmentation process is complete, so we 

do not consider the time evolution of the droplet distribu-
tions as in, e.g. Murphy et al. (2015) and Villermaux and 
Bossa (2011). Cumulative distributions, in general, are use-
ful for gauging where the majority of the droplets lie and for 
most cases, we find that the virtually all droplets (excluding 
the primary droplet) are smaller than d = 2.5 mm and, in 
fact, 90% are smaller than d = 1.5 mm for most cases, that 
is to say d90 ≈ 1.5 mm.

One interesting feature that must be highlighted is that 
the impact speed does not appear to have a dramatic influ-
ence on the total size distribution for speeds V0 ≳ 2 m/s. 
Below an impact speed of approximately 1.7 m/s, we do 
not observe satellite drops, as also indicated in Fig. 7. That 
is not to say that the impact speed (or equivalently Weber 
or Reynolds number) does not influence the modal size or 
number of droplets (see § 3.3). However, specific to the 
distribution, we find only a weak dependence on impact 
speed. In light of this, we find that the distribution data 
for a given film thickness and viscosity can be adequately 
described by a single or ‘total’ distribution encompassing 
all the impact speeds, which we can characterize with three 
statistical measures—namely—the 10th, 50th and 90th per-
centiles, which for these realizations, we determine to be 
(d10, d50, d90) = (202, 359, 1475) , (175, 414, 1255) and (161, 
524, 889) μm, respectively.

In Fig. 9d–f, we re-plot the combined droplet counts from 
a–c in the form of frequency distributions, which provides 
a better indication as to the form of the distribution. We 
note that Fig. 9d exhibits a small secondary peak around 
1 mm; however, this observation is not a generic feature 
observed across the ensemble data and hence is not indica-
tive of bi-modality. Rather, we find that the droplet sizes are 
best described by log-normal distributions, which are shown 
in the plots. The functional form of this distribution is:

Fig. 6  Temporal evolution of the crown height, H, and diameter, D
ue

 , 
for the cases shown in Fig. 5

Fig. 7  Final images from video sequences showing the influence of 
impact speed for a fixed film thickness, � = 2 mm, drop diameter 
D

0
= 5.5 mm, and film viscosity μ = 60.3 mPa s. The impact speeds 

are a 1.4 m/s, b 2.21 m/s and c 2.97 m/s, yielding Re = 120 , 189 and 
254 and We = 303 , 754 and 1363
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(1)f (d) =
1

d�d

√
2�

exp

�
−(ln d − ⟨d⟩)2

2�2
d

� where the two free parameters are the mean, ⟨d⟩ , and the 
standard deviation, �d . Log-normal size distributions for sat-
ellite droplets were also found in both miscible impacts by 
Samenfink et al. (1999) and immiscible impacts by Murphy 

Fig. 8  Snapshot from a video 
sequence showing a typical 
fingering pattern that emerges 
above a threshold impact speed. 
In this realization, for a water 
droplet on corn oil ( μ = 60.3 
mPa s, � = 2 mm), taken at 
t = 33 ms, there are 11 distinct 
fingers. We = 1060 , Re = 224
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Fig. 9  Top row a–c cumulative distributions of satellite droplets for 
μ = 60.3 mPa s and � = 33.4 mN/m for a � = 1 mm, b 2 mm and 
c 3 mm, each showing data for different impact speeds (see leg-
end). Bottom row d–f frequency distributions of the same data, but 

collapsed to encompass all impact speeds ( We ∈ (457, 1363) and 
Re ∈ (147, 254)). The red symbols indicate log-normal distribution 
fits to the data
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et al. (2015), although in the latter paper the authors did 
not explicitly fit a log-normal to their data. By perform-
ing similar statistical analyses across all of our data, i.e. all 
film thickness and viscosities, we find that all of our data 
conform to log-normal distributions and we plot the cor-
responding normalized probability densities in Fig. 10 for 
μ = 4.56 − 75.2 mPa s. In all cases, we observe that the 
modal droplet size, dmod is significantly smaller than the 
mean droplet diameter, ⟨d⟩ and is typically in the range 
150–300 μm.

At a qualitative level, one can expect log-normal distribu-
tions if we consider the fragmentation process, especially 
the finger break-up, to be a cascade-type event. This was 
first derived in the context of fragmentation by Kolmogorov 
(1941, 1949) and more recently by Marmottant and Viller-
maux (2004). If the initial volume, V0 , breaks after n steps 
into a family of daughter drops with volume Vn = V0Π

n
i=1

�i , 
where �i is a multiplier less than unity, then the logarithm 
of volumes is normally distributed, i.e. the volumes are log-
normal. Note that Marmottant & Villermaux also observed 
quite broad distributions during the break-up of a retracting 
liquid ligament.

One important aspect to bear in mind is that the natural 
plant-based oils used in this study will contain natural impu-
rities (unlike PDMS-based oils). These can modify interfa-
cial tension and also lead to partial miscibility. Therefore, 
it could be expected, a priori, that two oils even with simi-
lar physical properties can display different outcomes and 

different droplet size distributions. This is indeed observed 
if we consider the data in Fig. 10d, e for μ = 60.3 mPa s 
and μ = 66 mPa s where � = 33.4 mN/m and 33.8 mN/m, 
respectively.

3.3  Satellite droplet scaling

Several models for drop size distributions in fragmentation 
processes have been proposed previously (e.g. Wu 2003; 
Cossali et al. 2004; Motzkus et al. 2008; Villermaux and 
Bossa 2011). We note that Lhuissier et al. (2013) also stud-
ied an immiscible configuration, but for a deep pool of oil. 
To recapitulate on the main points of their approach, the 
impacting droplet is assumed to deform to an approximately 
cylindrical shape and obey volume conservation. By defin-
ing the satellite droplet diameter as d, we denote the mini-
mum and maximum satellite droplet diameters as dmin and 
dmax , respectively, then arithmetic mean drop diameter is

As such, the number of droplets N is expected to scale as 
D3

0
∕⟨d⟩3 . If the diameter of the maximally deformed droplet 

is Dmax , then the thickness of the cylinder at maximal defor-
mation is given by volume conservation as h ∼ D3

0
∕D2

max
 . 

If it is further assumed that the droplets are formed during 
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Fig. 10  Normalized probability densities for the satellite droplets for a μ = 4.56 mPa s, b μ = 9.3 mPa s, c μ = 36.1 mPa s, d μ = 60.3 mPa s, e 
μ = 66 mPa s, and f μ = 75.2 mPa s
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the retraction, then we can define the limits of the drop-
let size distributions as dmin ≈ h and dmax ∼ O(D0) . One 
further assumption taken in Lhuissier et al. (2013) is that 
there are many small droplets with d << dmax and, therefore, 
⟨d⟩ ∼ dmin ∼ h . Combining these scalings, one finds:

For the maximal deformation, Dmax , typical approaches 
involve either balancing kinetic and surface energies or 
momentum and volume conservation, resulting in a scaling 
law Dmax∕D0 ∼ We� (e.g. Josserand and Thoroddsen 2016). 
For our experiment, by measuring the edge-to-edge maxi-
mum of the corona, we found Dmax∕D0 ∼ We1∕4 , as shown in 
Fig. 11a. Combining these results yields the following scal-
ings for the number and mean size of the satellite droplets:

However, it is the last assumption of Lhuissier et al. (2013) 
that ⟨d⟩ ∼ dmin ∼ h which is somewhat problematic for our 
case. Due to the mechanism of droplet generation in our 
study—namely—the fingering instability, we do not find that 
the mean droplet size obeys this law. In fact, our raw data 
indicate that the mean droplet size, ⟨d⟩ , increases with We, 
which is simply due to the fact that there are more total drops 
generated and the un-weighted mean increases accordingly. 
Rather, it is the modal droplet size, dmod , that we expect 
to scale with dmin , which is obvious from the log-normal 
nature of the distributions shown in Figs. 6 and 3. The modal 
droplet sizes observed in our study are all O(100) μm, but 
exhibit dependence on the impact Weber number, as shown 
in Fig. 11b, where we determine dmod ∼ We−1∕4.

However, with regard to the number of droplets gener-
ated, there is considerable variation in the trends observed 
and a single scaling law fails to collapse the data effec-
tively, as observed in Fig. 11c.

As such, we conclude that our data are not fitted by the 
predicted scalings of Lhuissier et al. (2013). We also note 
that the theoretical prediction of Wu (2003) for dry-surface 
impacts at high-We simplified to dmod∕D0 ∼ (We

√
Re)−1∕2 , 

meaning that dmod ∼ V
−5∕4

0
 , which our data do not conform 

to. We highlight again that the principal mechanism of 
finger break-up is expected to lead to a log-normal distri-
bution, following form the analysis of Kolmogorov.

At a quantitative level, for the high-impact 
Weber numbers observed here, We ≳ 500 , we have 
Dmax∕D0 = 4 − 6 , so that for a droplet diameter D0 = 5.5 
mm, h ∼

2

3
D3

0
∕D2

max
≈ 100 − 230 μm, which is in reason-

able agreement with the modal droplet sizes observed. One 
factor that is expected to contribute to the scatter in the 
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D3
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h3
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data is the mechanism of break-up itself, i.e. the fingering 
instability. At present, however, we do not have a quantita-
tive argument that would predict the observed distributions.

4  Concluding remarks

The fragmentation of a water droplet impacting an oil film 
was studied experimentally by high-speed video for a range 
of impact speeds and film viscosities. The onset of fragmen-
tation is best described by the composite impact parameter 
Re1∕2We1∕4 ≈ O(100) , first introduced by Marmanis and 
Thoroddsen (1996) and, once above this threshold, the sat-
ellite droplet diameters exhibited a log-normal distribution, 
where the total size distributions were weakly correlated 
with impact speed and film thickness. Log-normal size dis-
tributions following ligament break-up were first predicted 
by Kolmogorov (1941) considering a cascade-type process 
of fragmentation, and our observed finger break-up appears 
to support this theory.

Contrary to the previous immiscible configuration studied 
by Lhuissier et al. (2013), we found that the mean diam-
eter of the satellite droplets increased with impact Weber 
number. However, we argue that it is the modal droplet size 
which depends on the Weber number and, across our experi-
ments, we determined this dependence to be best described 
by a power-law, dmod ∼ We−1∕4 which was also reported in 
Villermaux and Bossa (2011). However, we did not find a 
universal trend for the number of droplets produced. Note 
also that in scaling the dynamics, we did not consider the 
properties of the liquid droplet, which could play a role in 
the break-up and, therefore, lead to different scalings to those 
observed herein.

The fragmentation of liquid fingers in a viscous ambient 
(e.g. Tjahjadi et al. 1992) is a different physical situation 
to the impact dynamics modeled by Wu (2003) and that 
proposed by Lhuissier et al. (2013) and the confluence of 
impact dynamics and liquid finger fragmentations should 
be considered in a future study to predict the observed dis-
tribution herein.
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