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Abstract. The methods of optical visualization of droplet dynamics are 
described. One of them for top view uses microscope system with CCD-
camera and the second is a high-resolution shadow technique. Droplet 
evaporation dynamics are recorded and processed using special programs. 
Evolution of droplet base diameters and volumes are presented. 

1 Introduction 

The wettability of a surface is usually described by the contact angle, measured within the 
liquid at the three phase contact line. Due to the topographical peculiarities of the solid 
surfaces, in reality the contact angle does not exhibit a unique value. The contact angle 
hysteresis, which is the difference between advancing and receding contact angles, plays an 
important role on wetting and dewetting processes. The nanostructured surfaces allow 
control and significantly influence on the processes of heat transfer [1, 2] and 
hydrodynamics [3, 4] in a variety of applications. The roughness and the number of micro-
holes can be increased. On the other hand, contact angle, capillary effects, porosity can be 
controlled. This leads to change in the nature of two–phase flow, hydraulic resistance, 
critical heat flux, condensation, evaporation, etc. One of the most actual issues is the 
behavior of the three phase contact line [5, 6] on surfaces with different coatings [7, 8]. The 
methods of optical visualizations in order to have high–resolution system is challenging 
issue [9, 10]. 

This paper presents the results of applications of two optical methods for three phase 
contact line dynamics during evaporation of hanging droplet.  

2 Visualization systems 

Scheme of experimental setup is presented in Fig. 1. The glass slides (Struers) are used as 
substrate. The contact angle of water droplet on glass slides has been measured using 
KRUSS DSA-100 (Fig. 2). And it is found to be of 16 degrees. The ultrapure water 
(MilliQ) is used as the working fluid. The liquid of volume of 2 μl is deposited to the glass 
surface using a precision syringe pump Cole Parmer. The syringe of 0.5 ml volume is used 
in order to make a droplet of the precise volume. An atmosphere is controlled by Testo 
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device and barometer. Top view visualization of evaporation dynamics has been done using 
Olympus BX51 microscope with different lenses and monochrome camera Point Grey. The 
resolution of 1 μm per pixel is provided by using 10×lens and 100 nm per pixel by 100× 
lens. Recording frequency is from 10 to 40 fps. Side view of droplet profile is recorded 
using the shadow method (Fig. 1) providing resolution of 3 μm per pixel by the present 
time. Contact angles are measured at different times using Advance software of KRUSS 
DSA-100. Dynamics of the three phase contact line during droplet evaporation on the clean 
glass are studied. 

Fig. 1. Scheme of experimental setup. 

Fig. 2. Contact angle measurement by KRUSS DSA-100. 

3 Results and discussions
The examples of images taken by two techniques are presented in Fig. 3. Finally, records 
are processed in ImageJ and Advance (KRUSS) software. The data on time, diameter, area 
and perimeter of droplet base, volume, velocity and contact angle are obtained using these 
programs. Some characteristic plots of evolutions of droplet volume via time (obtained 
from the side view) and of droplet diameter (obtained from the top view) are shown in Fig. 
4a and Fig. 4b, respectively. Here, zero time is the time of complete droplet disappearance. 
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a       b 

Fig 3. Images of droplet on the glass substrate. Initial volume is 2μl. a –side view by shadow method, 
b –top view by using microscope. 

a       b 

Fig. 4. Volume and diameter plots. a –side view by shadow method, b –top view by using 
microscope. 

4 Conclusion 
In conclusion, two optical methods for visualization of droplet dynamics have been 
adopted. One of them for the top view uses microscope system with CCD-camera and the 
second is a high-resolution shadow technique. The top view technique can provide with the 
resolution of up to 100 nm per pixel. The synchronization of top and side video 
registrations via time is organized.
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