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The wetting behavior of droplets on solid surfaces is of prime importance in many
technical applications, such as microfluids and heat transfer. The accurate modeling and
simulation of the three-phase contact line is crucial for CFD simulations. Fang et al.1 use a
transient model to correct boundary force balances through specification of the local contact
angle. Dupont and Legendre2 impose the apparent angle for hysteresis effects using ghost
cells. Park and Kang3 introduce the feedback deceleration technique to analyse contact line
movement including contact angle hysteresis.

This work focuses on the implementation of a model for contact angle hysteresis effect
in OpenFOAM®. It is realized by coupling the feedback deceleration technique and the
implemented dynamic contact angle boundary condition. The main idea of the feedback
deceleration technique is the change of contact line velocity within contact angle hysteresis.
If a positive contact line velocity exists, the contact angle is increased. A negative contact
line velocity would result in a decrease in the contact angle. Different contact angle treat-
ments are used to realize a steady development of the static contact angles until the borders
of contact angle hysteresis are reached. The transition zone from static to dynamic contact
angle is another relevant aspect. It must be ensured within this transition region that no
contact angle step exists. This is accounted for in the presented model.

The method is successfully verified by an experimental investigation. For this purpose, a
30µl droplet is placed on a horizontal plane, which then is inclined until the plane reaches a
vertical position. Figure 1 shows the contact angle progress for the experiment. The critical
inclination angle for the droplet detachment is at 55.3°. The corresponding dynamic con-
tact angles and the equilibrium contact angle are used as input parameters for the hysteresis
model. Figure 2 shows the contact angle progress for the simulation validation. A good
agreement with the experimental results can be seen. Furthermore, figure 2 indicates that
droplet detachment occurs slightly later (57°). Within the transition area no significant con-
tact angle changes are detected. This study concludes that the coupled hysteresis model is
able to predict hysteresis-driven droplet motion and is also capable of accurate reproduction
of contact angle development.
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Figure 1: Contact angle progress - experiment
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Figure 2: Contact angle progress - simulation
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