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1. Abstract

This work tries to reproduce the experimental results obtained by C.N.N. Lam et al.[1] in a hysteresis cycle of a water droplet deposited on poly(latic acid)-coated silicon wafer. Two methods are used: on
the one hand the solution of the Young-Laplace equation [2] in cylindrical coordinates and on the other hand a simulation with the Surface Evolver[3] software. In both cases, a friction term is introduced
that can adequately describe the contact angle hysteresis.

2. Introduction

El Sı́ndrome de Paget-Schroetter es una trombosis del tronco
venoso subclavio-axilar debida al sobreesfuerzo mantenido o
al movimiento repetitivo de las extremidades superiores.
Se presenta el caso de un trabajador calderero que consultó
en nuestro Centro asistencial por dolor del hombro derecho de
dos dı́as de evolución sin desencadenante traumático directo.
Se exponen también los mecanismos de la enfermedad y las
diferentes opciones de tratamiento. Este diagnóstico hay que
tenerlo en cuenta ante una trombosis de la vena subclavia o
de la axilar de causa desconocida (idiopática).

3. Method

3.1 Axisymmetric geometry
In cylindrical symmetry the Young-Laplace equation [2] can be
rewritten in the simple form:
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where (ρ,ϕ,z) are the cylindrical coordinates, being ρ =√
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ρg the liquid capillary length, γ the surface
tension, ρ the density and g the gravitational constant.
Equation (1) can be straightforwardly solved for a given drop
volume V allowing to determine the contact angle θ as a func-
tion of the contact radius R and viceversa. Recall that this is
the method used in the Axisymmetric Drop Size Analysis of the
contact Diameter (ADSA-D).
In order to obtain a hysteresis cycle, the drop volume is in-
creased in small increments from Vi to Vf and then decreased
at the same rate.
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Figure 1: Flowchart of the algorithm used with Young-Laplace.

Figure 1 shows a flowchart of the algorithm used to obtain a
hysteresis cycle of a liquid drop, solving the Young-Laplace
equation with the help of MathematicaT M.

3.2 Nonaxisymmetric geometry
Surface Evolver [3] is a software designed to model surfaces
subject to different forces or constraints. Due to its character-
istics Surface Evolver is an ideal tool for the analysis of ses-
sile drops from its interfaces. These are described through
a triangulation (fig. 2) that can be modified (refined) and ad-
justed during the minimization of the energy of the system.

Figure 2: Shape of a drop during the process of change in volume.

Figure 3 shows a flowchart of the algorithm used to obtain a
hysteresis cycle of a liquid drop, introducing a friction term in
Surface Evolver.
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Figure 3: Flowchart of the algorithm used in Surface Evolver.

This method is valid both for axisymmetric and nonaxisymmet-
ric drops.

4. Results

Figure 4 shows the results for the contact radius, ρ ,
and the contact angle θ , as a function of time. It
also shows the variation of volume V with time.
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Figure 4: Hysteresis cycle of a water droplet deposited on poly(latic
acid)-coated silicon wafer. Comparison of the experimental results of Lam
et al. (blue dots) with those obtained from the Young-Laplace equation (red
continuous line) and simulation with Surface Evolver (black dashed line).

Comparison of our theory and simulation results with experi-
mental data of Lam et al. yields excellent agreement.

Figure 5: Shape of a drop on a tilted plate.

Figure (5) shows a drop on a titled plate where one can appre-
ciate the absence of cylindrical symmetry and the appearance
of a distribution of contact angles.

5. Summary

1. For axisymmetric drops the Young-Laplace equation has
been solved in cylindrical coordinates to reproduce a hys-
teresis cycle of a liquid drop on a surface.

2. For nonaxisymmetric drops the Young-Laplace differential
equations becomes more complex. Therefore we have used
the Surface Evolver software.

3. Contact angle hysteresis has been implemented in Surface
Evolver through the algorithm of figure (3).
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