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Abstract 
    By using two surfaces test (aluminium or PTFE) one studies the effect of damping on the rate of evaporation 
of a water drop.  It is shown, thanks to a new and original thermal method, controlled by traditional optical 
methods, that evaporation is independent of the surface quality, of the nature of the support and the initial angle 
of contact.  The rate of evaporation is a linear function of the ray of damping of the drop.  A digital model which 
holds account only diffusive transfers of matter in the atmosphere gives results in agreement with the 
experiment. .  The mass transfers take place mainly in the vicinity of the triple line when the angle of damping is 
lower than 90°, and on the level of the maximum ray when it is higher than 90°. 
 

 
INTRODUCTION 
    Rates of evaporation from sessile or suspended liquids drops in air, have been studied for years in 
different area of research, both applied and fundamental. These investigations are of interest for 
complex systems, such as clouds, fogs, oil burners, engines, heat transfer…Generally, the evaporation 
phenomenon is studied on small drops; in this case the approximation of spherical cap is valid and the 
gravity influence is insignificant [1]. Indeed, the weak radius of curvature induces effects of surface 
tension which are more significant than those of gravity. But in large drops, the effect of gravity is not 
negligible any more. By considering the effect of gravity, one realized a theoretical approach, in which 
the effect of gravity on contact angle was calculated using a precise drop shape model. Gravity has an 
influence on the drop’s surface curvature, which was calculated following Laplace’s equation. These 
calculations indicate that gravity has no effect on the equilibrium contact angle [2]. According to some 
papers devoted to wetting surfaces, the initial drop spread quickly until being a film [3]. 
Experimentally, small drops were used to have a look on the effect of the gravity [4]. Measurements of 
contact angles were studied under zero-gravity conditions, such have in free fall [5]. 
 The effect of gravity on the contact angle was quantitatively calculated using a spherical cap 
model [6]. In contrast, someone has experimentally suggested that the change in the contact angle with 
drop size was produced by hysteresis rather than by effect of gravity. To prove this hypothesis some 
calculations using a precise drop shape mode were performed [7]. Other theoretical approaches and 
numerical studies are related in recent papers [8-11]. 
 In this study we consider the behaviour of large drops (v = 50µl), for which the effect of 
gravity is significant. The goals of this study are to try to understand the mechanism of heat and mass 
transfer and to determine the influence of: -1/ the drop’s shape in the kinetic of evaporation -2/ gravity 
and wetting surface nature. These studies are also performed in view of future works in different 
gravity conditions. Two types of measurements are carried out -1/ optical measurements, using a video 
camera and image processing – 2/ thermal measurement, using a flux meter and a thermocouple.  
  
EXPERIMENTAL SET-UP 
    It is schematised in figure1. The chiefs components of this set up are: 1/ a parallel light source (A); 
2/ a cell (B) in which the drop is injected. The position can be regulated according to three axes 3/ two 
cameras CCD (C, D) connected to two monitors (F, G) give the side and the top view 4/ a 
thermostated bath (H) supplies hot water for the radiator (located under the drop) ; 5/ a flux meter (10 
mm x 10 mm)is connected with a device, allowing the data acquisition (I). It gives access to the 
density of flux (w/m2) and to the temperature (°C), at every time during evaporation. 
    The cell is composed with a heater made up by an aluminium radiator in which flows hot water. A 
thermal fluxmeter is stuck on the higher face of the radiator. On this flux meter, we place the 
experimental surface (PTFE or aluminium), on which the drop will be deposited. A transparent box 
protects the experiment from the draughts. The liquid used for the experiments is bidistilled water
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 produced in the laboratory.  The drop is created using a gauged syringe which enables us to inject 
always the same volume on the surface (about 50 µl). The volume of the drops is such as an important 
effect of gravitation (flattened drop) is observed, which lets suppose a different behaviour in 
microgravity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Experimental set-up 
 
    The evaporation of distilled water sessile drops located on two different substrates has been studied 
for ambient conditions (t = 20°C to 25 °C, p = 1016 hPa to 1020 hPa, and values of humidity from 
40% to 45% in the experimental room). These substrates are very thin films of polytetrafluoroethylene 
(PTFE) (non wetting θ > 90°) and aluminium (wetting θ < 90°). This allows us to change them easily 
after each experiment, which eliminates the delicate problem of surface’s cleaning and ensures the 
reproductibility of experimental conditions. 
    Supposing an axisymetric drop, the experimental set up enables us to obtain the values of 
geometrical parameters (left and right contact angle, diameter, height, interface and wetting surface, as 
well as volume). This assumption is necessary because the analysis is done presently with an image 
treatment using a drop side view. According to the experiments, during evaporation, the drop remains 
pinned on the surface, so the contact line doesn’t move. After a while the drop is not pinned anymore 
and it isn’t always axisymetric. 
    The opticalmeasurements deal with the contact angle, the maximal diameter of the bubble, the 
wetting diameter and the height of the bubble. The thermal measurements are the temperatures in and 
out the bubble, and the heat flux. 
    The flux density obtained is a total flux density which passes through the surface of the drop and 
through the surface of the flux meter. To obtain the total flux, we must multiply the total flux density 
by the surface of the flux meter. The wetting surface of the drop is only 13 mm2 on PTFE and 54mm2 
on aluminium it doesn’t occupy all the surface of the flux meter, which is a 100mm2surface. That’s 
why we need to calculate a corrected flow. To obtain this last one we must take into account the 
existence of a parasite flow due to conduction, convection and irradiation with the air. By means of a 
software which gives us an estimation of the evaporation rate (together with the measurement 
properties of the drop surface), we obtain the global evaporation heat flux (in watts) 

    Q = ρ Lv dv/dt                           (1) 
Where ρ is the density and Lv is the latent heat of the liquid. This allows us to compare the two values 
of the flux (one given by the flux meter, the other one given by the software). 
 
NUMERICAL MODEL 
 Inside the droplet we consider the three classical equations (continuity, linear momentum and 
energy) in the frame of Boussinesq approximation 
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We restrict our attention to a rigid and non-permeable bounded domain, with a constant temperature at 
the bottom and to the heat flux at the droplet surface. 
Inside the gas phase, the vapour is solved using the diffusion equation, assuming the saturation 
pressure on the liquid-air interface and the ambient humidity at the infinite.  
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RESULTS 
4.1. Temporal evolution of drops 
As an example figure 1 shows the evolution during the evaporation of distilled water’s drop on a 
PTFE surface. 
 

 
 

  

 
Fig. 1. Distilled water evaporation v = 30 µl on a PTFE surface at 50°C and 
atmospheric pressure. Top view. Times : 30 sec, 1045 sec, 1500 sec, 2000 sec and 
2350 sec 
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    It seems that at the beginning of evaporation, the drop is axisymetric (fig.2.a).It decreases in volume 
and after a while the symmetry doesn’t exist anymore (fig.2.c), geometrical measurements become too 
much disturbed, so, it is interesting to follow the phenomenon with thermal measurements. Indeed, 
measurements of thermal flux are more sensitive than those done with optical method and so it is 
possible to follow the evaporation until the total disappearance of the drop. Figure 2.a,b show the 
evolutions of volume and normalised evaporation flux on aluminium and PTFE  substrates. We 
observed, with PTFE as substrate, two stages during evaporation: at the beginning the contact line 
doesn’t move. After a while it’s destabilised, so the contact line begins to move, and the quality of the 
measurements begins to be bad (a lot of disturbances). These two stages were already observed by 
Bourgès-Mounier and Shanahan [1]. For aluminium we have observed only the first stage. 
4.2. Temporal evolution of volume and evaporation flux 
    The difference of behaviour versus time between the two substrates is clearly illustrated in figures 3, 
4. We notice a good agreement between experimental and numerical results for aluminium. 
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Fig. 3. Temporal evolution of the drop  Fig. 4. Temporal evolution of the normalized 
 volume for two different substrates  evaporation flux for different substrates  
Aluminium: initial volume = 26 µl,  Aluminium: initial contact angle = 120° 
T support = 69.6 °C    initial volume = 47.3 µl, T support = 50.1 °C 
PTFE: initial volume = 24 µl,    PTFE: initial contact angle = 60°, 
T support = 70.1 °C    initial volume = 50.3 µl, T support = 50.2 °C 
 
4. 3. Evaporation rate 
    It is has linear function of the radius bubble whatever the temperature of the support.  The 
agreement between experimental and numerical results is fair. This linear behaviour allows us to 
conclude that evaporation essentially occurs in the vicinity of the triple line. The nature and the 
surface state of the support have no influence on the evaporation velocity. It only depends on the 
temperature support and the length of triple line. This phenomenon seems experimentally proved but it 
is not yet explained.  
4. 4. Integrated flux 
    Figure 5 shows that integrated flow calculated evolves in time and that it is not essentially localised 
in the neighbourhood of the triple line (the ¼ external of the ray accounts for only the 50% of total 
flow).  This shows fact that the adopted model gives the flows distributed on the totality of surface. 
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Fig. 5. Integrated flux vs wetting radius at initial and final time 



 

 
  Fig. 6. Heat flux through a drop vs time water drop on two different supports 
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    Although in addition it gives satisfactory results one is forced to conclude that the model based on 

surface of the deposit 
ing (water on aluminium) or not dampening (water on 

 the isotherms in the drop. They are shown for a water 

ameter 6.8 10 m 

purely diffusive transfers in the external medium is insufficient to give a precise account of all 
experimental reality. 
4. 5. Influence of the 
    According to whether the liquid is dampen
PTFE) one observes behaviours different at the end of the evaporation.  Figure 6 shows the time 
evolution of the heat flow which displays three mainly phases : - 1/ the transitory regime : a sharp 
increase at the drop injection due to heating drop - 2/ the drop vaporisation : an inclined plateau – 3/ 
the last regime represents the evaporation of the last traces of liquid and the draining of surface. For 
PTFE the drop is not hooked therefore the liquid keeps the shape of a drop until complete 
disappearance of liquid. For aluminium the drop becomes gradually a circular film whose diameter is 
equal to that of the initial drop (hooked liquid) and which ends up evaporating. The same behaviour is 
observed whatever the initial volume but with different flux. 
4. 6. Convection and isotherms in the drop 
    The model gives the velocities of flow and
drop deposited on aluminium and PTFE in figures 7 and 8 respectively. A film, shown during the talk, 
confirms the  

 
Fig. 6. Velocity field (left) and isotherms (right) inside the drop. 
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Support: PTFE at T = 50 °C. Volume initial 50 µl, wetting diame

c n in the liquid. The temperature measurement is a delicate operation and ine
because the drop evaporates during measurement and one is quickly under different conditions.  
Figure 8 shows the measured temperatures. If there are strong analogies between the numerical and 
experimental results, there are significant differences for the isotherms close to support and for those 
located in the higher part of the drop. This dissension means that evaporation does not depend only on 
one diffusive process, the convective term neglected in this first model must be introduced.  
 

ONCLUSION C
 This experim
at various temperatures made it possible to show that evaporation does not depend on the surface 
quality and the nature of the support, nor of the initial contact angle.  The digital model suggested 
must be enriched by holding account by the exchanges due to the convective phenomena even more 
precisely to give an account of the experimental results 
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