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Abstract. Evaporation of a heated sessile water drop was studied experimentally at a 
temperature difference between the substrate and surrounding atmosphere from 30 to 600C. The 
studies were performed on the substrates with micro- and nanocoatings with different 
wettability. The features of evaporation were studied for the pinned, partially pinned and 
depinned contact line (solid-liquid-gas interface). It is found that during the evaporation 
process the specific evaporation rate (mass loss per unit of the drop surface area) increases, 
particularly at the last stage of the drop lifetime. 

1 Introduction 

Among the effective solutions for removing high heat flux densities, there are the systems of spray 
cooling [1] as well as the systems using stratified two-phase flow in a microchannel [2]. Under the 
certain conditions, heat in these systems is removed due to intensive evaporation of liquid droplets 
that are in contact with hot surface. The process of liquid drop evaporation has been actively 
investigated in the last decade (see [3-6] and references therein). In most experimental and theoretical 
studies found in the literature, the isothermal evaporation of water droplets was studied. Research on 
nonisothermal evaporation of liquid droplets with a sufficiently high temperature difference between 
the substrate and the atmosphere is practically absent. 

In this paper we study the process of evaporation of relatively large liquid droplets (drop volume 
varies from 100 to 400 microliters) to open atmosphere. A liquid drop is heated from below with the 
quasi-stationary heat transfer between the solid substrate and the drop. Ultra-pure water (by Milli-Q 
Company) is used as the working fluid. The use of water having a relatively high boiling point as a 
working fluid allows us to investigate the influence of the temperature difference between the 
substrate and the surrounding atmosphere on the rate of evaporation and heat transfer. The 
temperature difference between the substrate and the surrounding atmosphere ranges from 30 to 60 C. 
Three types of evaporation of the liquid droplets were studied: 1) constant contact angle (moving 
contact line), 2) constant surface area of contact (pinned contact line) 3) mixed type (partially pinned 
contact line). 

 

                                                
a Corresponding author: semenov.itp@gmail.com 

   
  

DOI: 10.1051/, 000 (2016)MATEC Web of Conferences matecconf/201684 8400035
International Symposium IPHT 2016 

35 

 © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
 Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



2 Experimental setup and technique of measurement 
 

The experiments were accomplished on the experimental stand, the scheme of which is shown in Fig. 
1. The test cell is an aluminum plate 50 mm thick, on the underside of which the heater was attached. 
As a heater we used Peltier element whose size is 40x40 mm2. On the upper side of the aluminum 
plate we fixed a substrate, which was a disc 52 mm in diameter and 3.2 mm thick. The substrate 
surface temperature was measured with the thermocouple fixed at a distance of 1 - 2 mm from the 
contact line of a liquid droplet. The temperature under the substrate was measured by three 
thermocouples of K-type. Thermocouples were located radially at different distances from the center 
of the disc and allow to measure the temperature distribution along the radius of the substrate. We 
used three different substrates. Two substrates were made of a float glass plate with two different 
coatings: 1) the “Spin Teflon” coating, obtained by centrifugation of molten Teflon drops (with the 
contact angle hysteresis defined as the difference between the advancing and the receding contact 
angles, 122.5° - 112.7° = 9.8°), 2) the "Spray Teflon" coating, obtained by spraying of Teflon particles 
(contact angle hysteresis, 119.9° - 90.6° = 29.3°). The third substrate was made of stainless steel and 
had a developed surface structure that was obtained by bombarding the surface with calibrated 
aluminum oxide particles. The roughness of this surface was about 5 microns. Relative humidity in 
the room during the experiments was 20-30%. The room temperature was about 25°C. 

Two optical techniques were used. The first one was the shadow method, which used a plane-
parallel light source and a camera. The spatial resolution of the system was 6 microns per pixel and 
shooting frequency ranged from 3 to 8 frames per second. The shadowgraphs of the liquid drops were 
processed by the software package Drop Shape Analysis by KRUSS company. The second optical 
technique consisted of a digital video camera, which was placed atop the test section and allow to 
visualize the process of evaporation from the top and control the symmetry of the drop. In the event 
that a drop lost symmetry, the experiment was repeated. 

The experiment started with a pretreatment of the studied substrate, which was thoroughly clean 
of the working surface; then, the entire substrate was placed into a tank containing distilled water for a 
day. Thereafter, in order to remove residual water from the surface, the substrate was purged with a 
special clean compressed air intended for cleaning optical components. A predetermined volume of a 
liquid drop placed on the surface, heated to the desired temperature, using an electronic syringe. The 
optical systems were focused, and then there was periodic shooting with the step of 10 seconds until 
complete evaporation of a liquid drop.  

 

 
Figure 1. Schematic diagram of the experimental arrangement. 
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3 Results and discussion 

Figure 2 shows evolution of droplets during evaporation on different surfaces. The temperature of the 
surface for each experiment is 650C. In the case of the Spin Teflon the evaporation occurs with 
constant contact angle (moving contact line), in the case of the Stainless Steel – with constant wetted 
diameter (pinned contact line), in the case of the Spray Teflon - mixed type (partially pinned contact 
line). 
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Figure 2. Evolution of droplets during evaporation on different surfaces. Tw=650C. 

 
Dependence of the specific evaporation rate of the liquid on time for different substrates is 

presented in Fig. 3. The rate of evaporation is calculated as the loss of the drop mass per unit drop 
surface area per unit time. It is seen that the specific evaporation rate increases with time (with 
decrease of drop volume) and at the last step of evaporation may be several times the initial value. The 
results are in good agreement with the findings of [7] where a comparison of the experimental and 
theoretical data on the dependence of the specific evaporation rate on time is presented. In contrast to 
[7], where the studies were carried out at a surface temperature Tw = 640C, in this paper we obtain new 
data for the surface temperatures range from 55 to 850C. The increase in the specific rate of 
evaporation is observed throughout the whole range of temperatures studied. 
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a)       b)
Figure 3. Specific evaporation rate vs. time. �) - on the substrate with Spray Teflon coating: substrate 
temperature Tw = 550C (1), 650C (2-5) (series of four runs), 750C (6), 850C (7); b) - different coatings at surface 
temperature Tw = 65 0C: surfaces with Spray Teflon coating (1-3), Spin Teflon coating (4), stainless steel (5-7). 
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