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Abstract. The evaporation of aqueous salt solution droplets from metal 
surfaces has been studied experimentally. The volumetric evaporation rate 
is found to decrease in time for any initial droplet volume due to an 
increase in salt concentration and the efforts of system to take a state of 
thermodynamic equilibrium. Crystalline hydrate film was being formed 
during desorption of CaCl2 10%, LiCl 10%, LiBr 30% salts. When NaCl 
10% salt solution evaporated, there was no film. The average evaporation 
rate of NaCl salt is higher than for other salts. The lowest values of the 
average evaporation rate were found for LiBr 30% salt solution.  

1 Introduction 

Nowadays evaporation of thin liquid films, rivulets or droplets on a solid is very urgent 
problem for all scientific community. Spreading of a droplet over a heated surface is a 
complex problem, and to solve it, it is necessary to take into account many factors. 
Theoretical and experimental results about the mechanisms describing such processes [1-
21] are not enough. For this reason, there are some difficulties of modelling the spreading 
and evaporation of droplets on the surfaces of heat exchange systems, which are used in all 
industrial processes of petrochemical processing.  

The agreement about modernization of the Russian refining complex up to 2020 was 
signed between eleven large oil and gas companies and Russian Government in July 2011. 
As a result, all fuels produced on factories must comply with the Euro-5 standard, and oil 
conversation ratio must be increased from 72 to 85 % or more. These plans can be 
effectively implemented through using of absorption lithium bromide refrigerating 
machines and heat pumps in various technological processes.  

In addition to water, different aqueous solutions, for example, lithium bromide (LiBr), 
are used as working liquids (absorbent) in heat pumps, thermotransformers and absorption 
refrigerating machines. Thin films, jets, and droplets of salt solutions, are formed on the 
walls of the heat exchange equipment. To date, there is not enough experimental data on the 
evaporation of salt solution droplets of LiBr, CaCl2, LiCl и NaCl under the crystalline 
formation to simulate effective absorption heat pumps. So the purpose of this work is to 
determine experimentally the effect of the composition and the volume of aqueous salt 
solution droplets on their evaporation rate.  
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2 Experimental technique

Research was conducted using the experimental setup including shadow system. For 
implementation of this system, the high speed video camera and source of parallel light 
were used. The principle of operation of the setup is described in detail in [16].

A disk-shaped substrate (54 mm in diameter, 4 mm in thick) used in the experiments 
was made of aluminium. It is heated up by the Peltier element. Temperature under the 
substrate was kept constant 80°С. Geometric characteristics, such as, contact angle, height 
and diameter of a droplet were obtained after processing the shadow images in Drop Shape 
Analysis software.

The experimental setup was isolated from external influences (convection, radiation) by 
transparent box 11 made of 3 mm thick polymer glass. It ensures constancy of heat and 
mass transfer conditions. 

We used the following working liquids: 10 % NaCl, 10 % CaCl2, 10% LiCl, 30 % LiBr.
The liquid volume was varied in the following range: 10, 20, 30, 40, 50, 60 μL.

The volumetric evaporation rate was calculated as follows: 

Es = ΔV/Δt, μL/sec,        (1) 

where ΔV = (Vi+1 - Vi) is the change of volume of aqueous solution, μL; Δt = (ti+1 - ti) is the 
period of time when the volume changed, sec.

3 Results and discussion

Figure 1 presents time dependences of the evaporation rate of aqueous salt solution 
droplets. 

The initial values (Fig. 1) correspond to the time when a droplet was placed on the 
substrate, final values – to the crystallization when the shape of a droplet was distorted by 
crystalline hydrates. It did not allow to use optical methods of processing. 

During evaporation of aqueous salt solution droplets it is found that the evaporation rate 
decreases with time for any initial droplet volume. There is one molecule of water for one 
molecule of salt in solutions of LiBr, LiCl at 80 °C temperature and atmospheric pressure. 
But in CaCl2 solution there are two molecules of water for one molecule of salt. It causes 
the intensive decrease in the evaporation rate of CaCl2 with time compared to the lithium 
salts. In the case of NaCl salt at 80 °C crystals of pure salt are formed (without crystalline 
or crystalline hydrates are unstable and transit quickly in pure crystals of NaCl). In contrast 
to the above-mentioned salts, for aqueous salt solution of NaCl the evaporation rate in the 
initial period of time decreases, then the curve has a quasi-linear nature. It is connected with 
the early crystallization. 

The evaporation rate decreases in time because of an increase in salt concentration and 
due to the efforts of system to take a state of thermodynamic equilibrium, i.e. the difference 
between the equilibrium concentration at the droplet interface and the average volumetric 
concentration decreases with time. Changing of the droplet volume occurs only due to 
desorption of water from the solution. In this case, mass of salt in the droplet remains 
constant as there is no boiling crisis, which can lead to droplet detachment with periodic 
discharge of salt with water. 

In comparison with single-component liquids, in solutions during desorption the third 
phase (solid state) forms. It is known that with increasing initial concentration of salt 
solution there is a significant decrease in the intensity of desorption. This law is determined 
by decrease in the saturated water vapour pressure above the surface at the solution/gas 
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interface. Probably, it is caused by intensive change in the evaporation rate of LiBr 30 %
droplets and the lowest values of their rates in comparison with other salts.

Evaporation along the edges of the droplet is more intensive so compensation capillary 
flow occurs inside the droplet, which transfers a dispersed phase from central part of the 
droplet to the three-phase contact line. As a result, crystal growth does not start from the 
centre, but from the periphery of the droplet. In this case, the movement of crystallization is 
always directed from the periphery to the centre. It is connected to the fact that the 
thickness of the solution along droplet perimeter is minimal and, consequently, the local 
heat flow from the heated surface to the droplet along perimeter is larger than in the centre. 
This leads to a more intense evaporation of the solution, its super saturation and solid phase 
extraction. Regions located in the droplet periphery stretch central part causing radial flow, 
with that the ratio of components in inside part of the droplet varies. The lack of solution 
near the droplet top is compensated by an upward flow in the centre. What is more, the 
temperature of the flow is higher than at the surface. The surface tension continues to 
decrease, and circulation enhances in this manner. It continues to decrease the surface 
tension and enhances circulation. Concentration heterogeneity of the aqueous solution leads 
to non-uniform evaporation of droplet; the central part of the droplet flattens and becomes 
thinner. 

(a) (b)

(c) (d)
Fig. 1. Time dependences of the evaporation rate of droplet on the aluminium substrate heated up to 
80 °С at different droplet volumes: (a) NaCl 10 %; (b) CaCl2 10 %; (c) LiCl 10 %; (d) LiBr 30 %.

Crystals formed at the edges of the droplet create a film, which moving to the centre, 
completely covers its entire surface. After forming a solid surface of the crystal or 
crystalline hydrates film, desorption process continues. Water diffuses, or penetrates the 
crystalline film, and then evaporates, but this process is very slow. The dimensions of 
formed crystals depend on the conditions of crystallization process, which can be divided 
into two stages: formation of crystal nuclei and their growth due to a substance in solution. 
For the formation of finely crystalline sediments it is required that the first stage (formation 
of crystal nuclei) occurred quickly. Many nuclei of crystallization form small crystals 
because a little substance is deposited on their surfaces. The transition from slow to rapid 
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crystallization is accompanied by changes in the morphology of structures. The emergence 
of new well-ordered crystalline structures is advantageous from an energy point of view, 
since it allows to increase vapour desorption flow and significantly reduce total time of 
droplet evaporation. 

4 Conclusion

After conducting the experimental studies of aqueous salt solution droplets evaporation on 
metal surface, it is found that the volumetric evaporation rate decreases in time for any 
initial droplet volume due to an increase in salt concentration and the efforts of system to 
take a state of thermodynamic equilibrium. During desorption of CaCl2 10%, LiCl 10 %, 
LiBr 30% salts thin film was being formed, and after that it moved from the periphery to 
the droplet centre and covered its entire surface. During evaporation of NaCl 10 % salt 
solution, there was no film.

The reported study was supported by RFBR, research project No. 16-38-50221 mol_nr. 
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