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Figure 1 Experimental comparison of different liquid film thicknesses, the time of each picture is marked in the upper left corner of the figure (unit:
ms), where (a) 7 = 3.7 mm, U = 6.50 m/s, D = 4.0 mm, We = 2402, ' =092; (b) h=7.8mm, U=558m/s, D=15.5mm, We = 2427, h =143,
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Figure 2 (Color online) Schematic of experimental setup.
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Figure 3 (Color online) Schematic of numerical simulation model.
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Figure 4 (Color online) Comparison of high-speed experiment and numerical simulation result (4 = 7.0 mm, U = 6.32 m/s, D = 4.6 mm, We = 2609,

h= 1.53, the corresponding tis 0, 22,53, 12.7, 27.6, 38.3).
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Figure 5 (Color online) Comparison of low-speed experiment and numerical simulation result (5 = 7.0 mm, U = 2.09 m/s, D = 4.4 mm, We =275, h"

= 1.59, the corresponding t"is 10.3, 27.5, 78.8, 106.0).
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Figure 6 (Color online) Weber number-dimensionless liquid film
thickness phase diagram (We changes from 175 to 3242, h” changes
from 0.47 to 5.44, the relationship between critical Weber number and
dimensionless liquid film thickness is h"=1068/[(We,—1500)"26+207]).
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Flgure 7 (Color online) Probability distribution of bubbles in the
range of Weber number and dimensionless liquid film thickness.
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Figure 8 (Color online) Evolution of vorticity field (left) and pressure field (right) over time (4 = 7.0 mm, U = 6.32 m/s, D = 4.6 mm, We = 2609,

h=1.53).
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Figure 9 (Color online) Morphological comparison of splashed liquid films under different Weber numbers (4 = 13.8 mm, U = 3.90 m/s, D =

4.6 mm, h* = 3.00).
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Figure 11 (Color online) Morphological comparison of splashed liquid films under different density ratios (2 = 7.0 mm, U = 6.32 m/s, D = 4.6 mm,
h* = 1.53. Bubbles formed after the liquid crown is closed are not shown in the figure).
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The impact of droplets on liquid films is a common physical phenomenon observed in both natural and industrial settings.
We conducted both experimental and numerical studies on the transient process of bubble entrainment during droplet
impact, focusing particularly on the mechanisms behind the closure of the splashing crown and the formation of large
bubbles (significantly larger than the droplet itself). Using high-speed photography, we captured the entire process of
bubble entrainment, while an incompressible two-phase flow model was developed employing the finite volume method
and the volume of fluid (VoF) method. Our findings indicate that bubble formation is influenced by the Weber number
and the dimensionless liquid film thickness. We established a critical condition for bubble formation and quantified the
probability of bubble generation across a broad range of parameters. Numerical simulations revealed the continuous
generation of vortex rings within the splashing crown, which gradually move toward the cavity bottom. A notable
pressure drop was observed at the vortex core, which facilitates crown closure and is largely underestimated by the
traditional Bernoulli equation. Additionally, we identified the gas-liquid density ratio, a, as another key factor affecting
bubble formation. A higher a accelerates crown closure, thereby promoting bubble formation.

droplet impact, liquid film, bubble, finite volume method
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