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Fig. 1. Configuration for the droplet impinging on the

inner surface of a cylinder (right hemi area).
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Fig. 2. (a) Schematic of spreading parameters R, Ry; (b) spreading radius R, obtained by different grid density.
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Fig. 4. Changes of the droplet lengths in the z and y direction on the inner surface of cylinder at different density
ratios (The Weber number from upper to lower is 5, 20 and 50).
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Table 2. Initial impact velocity of droplet and other

related parameters.
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Fig. 6. Deformation of the droplet at t = 0.2, 1.2, 2.8, 4.4, 6.0 and the final equilibrium state (from left to right) at

different Weber numbers.
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Fig. 7. Deformation of droplet impacting the inner surface of cylinder by We = 400 (upper) and 600 (lower).
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Fig. 8. The three stages of droplet impact on the inner surface of a cylinder when the initial height is 1.0: (a) Droplet

falls and starts to contact the inner surface of cylinder; (b) the droplet spreads on the inner surface of the cylinder

and reaches the maximum spreading radius; (c) the droplet retracts to the bottom of the cylinder.

Ko ¥GmEE R = 1.0, 1E (a) t = 1.2 M1 (b) ¢ = 1.35 cMF T IR o (R A P 3R 100 FO 8 7 20 A« SRR (F14R) Fidiids

(LLa i B X, 36 6 9k X 35)

Fig. 9. With an initial height of 1.0, the pressure distribution, interface shape (white line) and the flow field (red is

high pressure area, blue is low pressure area) of the droplet impact on the inner surface of a cylinder at: (a) t = 1.2;

(b) t = 1.35.
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Fig. 10. With an initial height of 1.0, the evolutions of various quantities with time in the process of droplet

impact on the inner surface of a cylinder: (a) Spreading radius and droplet kinetic energy; (b) surface energy

and viscous dissipation.
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Fig. 11. Evolution of (a) Rz, (b) R, with time at different initial heights of droplets impacting on the inner

surface of a cylinder.
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Abstract

Droplet impact on a solid surface is ubiquitous in daily life and various engineering fields such as ink-jet printing
and surface coating. Most of existing studies focused on the droplet impact on flat or convex surface whereas the droplet
impact on a concave surface has been less investigated. The purpose of this paper is to investigate the dynamic process
of droplet impact on the inner surface of a cylinder numerically by using the phase-field-based lattice Boltzmann method.
This method combines the finite-difference solution of the Cahn-Hilliard equation to capture the interface dynamics and
the lattice Boltzmann method for the hydrodynamics of the flow. Besides, a recently proposed method is employed to
deal with the wetting boundary condition on the curved wall. The method is first verified through the study of the
equilibrium contact angle of a droplet on the inner surface of a cylinder and the droplet impact on a thin film, for which
good agreement is obtained with theoretical results or other numerical solutions in the literature. Then, different droplet
impact velocity, initial height of the droplet, surface wettability and radius of the cylinder are considered for the main
problem and their effects on the evolution of the droplet shape are investigated. The physical properties of the droplet
including the density and viscosity are also varied to assess their effects on the impact outcome. It is found that the
impact Weber number, the liquid/gas density and dynamic viscosity ratios, the wettability of the inner surface of the
cylinder, and the radius of the cylinder may have significant effects on the deformation and spreading of the droplet.
At low Weber numbers, when the density and dynamic viscosity ratios are sufficiently high, their variations have little
effect on the droplet impact process. At high Weber numbers, changes of these two ratios have more noticeable effects.
When the Weber number is high enough, droplet splashing appears. When the density and dynamic viscosity ratios are
high, the initial height of the droplet only has a minor effect on the impact results. The increment of the cylinder radius
not only increases the maximum spreading radius but also enlarges the oscillation period of the droplet after its impact.
Rebound of the droplet may be observed when the contact angle of the inner surface of the cylinder is large enough.
Besides, the gravity force is found to suppress the oscillation of the droplet on the cylinder’s inner surface. This work

may broaden our understanding of the droplet impact on curved surfaces.
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