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Droplet condensation on cooled surfaces is a phenomenon that occurs in a variety of technical
applications and in nature. For example, the condensation of droplets on camera lenses leads
to aberration [1] or droplets on surfaces can increase the effectiveness of heat exchangers [2].
With the objective to determine the impact of droplet formation on optical properties or on the
heat transfer an accurate detection of droplet distributions on surfaces is of utmost importance.
Therefore, we have been developing a non-invasive measurement and evaluation method to
characterise droplet ensembles on a surface by means of diameter and contact angle. In this
conference contribution, we focus on the evaluation method to determine the three-phase con-
tact angle from microscope images using a tray-tracing algorithm.

An important aspect for understanding droplet condensation is the quantification of mass trans-
fer rates and the resulting water mass on the surface. For the determination of the local water
mass on a surface, we have developed an automated measurement method [3] to determine
the droplet diameters that can be used to calculate the water mass assuming a constant con-
tact angle. However, when droplets grow or shrink during condensation or evaporation, the
contact angle often changes while the radius remains almost constant as shown by Parisse et
al.[4]. Therefore, a method which allows to measure the contact angle and the droplet diameter
simultaneously is highly desirable. However, it is difficult to detect the three-phase contact
point from a lateral perspective due to the small droplet size and limited lines of sight due to
obstruction by neighbouring droplets at a high droplet density. Therefore, a direct measure-
ment of the contact angle is often not possible. To overcome this issue, we propose a non-
invasive experimental method for the detection of droplets involving the simulation of the con-
tact angle.
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Figure 2: (a) Images showing the inner (red) and outer (blue) reflection ring of a single droplet. (b) Averaged intensity |
as a function of the normalised radius r with centre position r=0. (c) Model of the averaged intensity I as a function of
the normalised radius r with the same radius and contact angle as the droplet in figure 2b).

Figure 2a depicts a sample result of a single droplet recorded by the rear camera with a diam-
eter of 400um after image postprocessing. The image reveals the inner (red) and the outer
(blue) reflection rings. Here, the outer ring is the result of enhanced light reflections at the
boundary of the droplet, while the internal reflection depends on the geometric properties of
the droplet. In addition, the radius of the outer ring represents the radius of the droplet. The
distance of these two rings dependents on the contact angle of the droplet. Figure 2b shows
the corresponding over four axis averaged radial intensity distribution, where the centre of the
dropletis r = 0. The plot depicts two local maxima representing the centre radius of the inner
and outer ring, respectively. In the following, the distance between these maxima is d = r, —
;.

By means of the distance d and the droplet radius r, we can calculate the contagt angle.
Therefore, we implemented a geometric ray-tracing algorithm to calculate the light intensity of
the droplet as a function of the radius, assuming the shape of the droplet is a perfect sphere.
Initially, the possible angles of incidence are checked for the first reflection point on the airside
surface of the droplet. This is calculated for points at a regular distance along the radius on the
airside surface of the droplet. Each of the possible incident rays are traced through the droplet
until it hits the liquid-gas surface. Further, the intensity loss due to transmission at each reflec-
tion point is taken into account, as well as the loss through the different layers of the cooling
plate. To obtain the intensity distribution on the rear side of the cooling plate, the sum of the
intensities is calculated. Figure 2c shows the intensity as the function of the radius r from the
ray-tracing calculations where the y-axis is scaled logarithmically. Based on an ensemble of
these calculations for the here investigated parameter range a functional relation a« = f(d, 6.)
is formalised to determine the contact angle alpha by means of the droplet diameter r, and the
distance d.

At the workshop we will present the experimental set-up, introduce the ray-tracing algorithm,
the method to calculate the contact angle and a discussion of the accuracy of this evaluation
procedure as well as the limitations of this method.
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