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A simulation of droplets with dynamic contact angles running down on a flat slope
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We have simulated droplets running down on an inclined plane as gas-liquid two-phase flows. The numerical method
consists of a weakly compressible scheme and a method coupled Phase-field model with Level Set method for capturing
gas-liquid interfaces. We have proposed a manner which introduces adhesion force into a simulation based on Furmidge’s
equation for simulating droplets sticking to an inclined plane. In addition, we have adopted Tanner’s law for a dynamic
contact angle model with experimental data. As a result, it has been confirmed that the behavior of droplets running
down on an inclined plane in our simulation is reasonable in comparison with real phenomena and we have checked the
validity of the manner for adhesion force and the dynamic contact angle model.
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Fig. 1  Anexperimental data of contact angles vs. contact line
velocity. The dotted line is an interpolation curve and we can
obtain the value of k,, k. from this curve. This figure is
quoted from the thesis published by Yokoi et al®.
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Fig. 2 An outline figure of extrapolation of Level Set function
in HALO area. The left-hand side figure denotes a Neumann
boundary condition for Level Set function and the right-hand side
one denotes a boundary condition after extrapolation by Eq. (14).
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Fig. 3  Snapshots of Case A and Case B in t=0~2sec. The red
droplet is Case A and surface tension and gravity are balanced by
hysteresis of contact angles in Eq. (28). Therefore it sticks to a
vertical wall. The blue one is Case B and hysteresis of contact
angles is limited by Eq. (29), then it run down on a vertical wall.
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Fig. 4  Settings of a simulation of droplets on a vertical wall.
The size of computing domain is set as 100.0x100.0x5.0mm and
it has 1000x1000x50 grid points. The radius of droplets is given
as 0.8~3.5mm randomly. The position of them is also decided
randomly. The number of droplets is 250.
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“t'=0.05sec

<= 0125sec

Snapshots of the simulation of droplets running down on a vertical wall in t = 0~0.125sec. We can observe

a droplet running down collides with another droplet and both of two coalesce together. From t = 0.075sec, we can
observe separation of droplets in a rear end of droplets running down.
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