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Abstract. An interaction of an incident drop on a sessile drop located on a hot wall was experimentally investigated. The 

behavior of convection with and without graphite particles was studied. Graphite particles lead to a decrease of mass 

transfer after droplet fall. The falling droplet caused a narrow temporal leap in speed into sessile drop. 

INTRODUCTION 

The process of dropping drops is observed both in nature (rain) and in various technologies related to cleaning 

and cooling surfaces, coating, extinguishing fires. Falling drops during rain cause erosion of soils, rocks, historical 

structures, monuments [1]. Drops and films of aqueous saline are used in desalination technologies of sea water [2, 

3]. Spray cooling of surfaces of power equipment depends on the methods of intensification of convection. The 

intensification of convection is important for increasing the heat transfer coefficient and evaporation rate. When 

simulating the evaporation of a liquid droplet on a heated wall, it is necessary to take into account free convection 

both in the liquid and in the gas phase [4-10]. The wettability of the wall affects the rate of evaporation and mass 

transfer [11, 12]. The evaporation of salt solutions with a high salt concentration in the solution is accompanied by 

the appearance of crystals or crystalline hydrates [13-19]. Evaporation droplets using surfactant are considered in 

[20]. The dissociation of gas hydrates during combustion is accompanied by the appearance of water droplets on the 

surface of hydrates [21, 22]. Heat transfer and evaporation of water droplets must be taken into account during the 

dissociation of gas hydrates [23-29]. Drops in the stream during spray cooling can merge or disintegrate when 

interacting with each other. When a drop falls on a heated wall, it is accompanied by its expansion and cooling of 

the wall. Drops falling on the surface of the liquid can merge with the liquid or bounce off of it. If the impact energy 

is high, then the dropping drop on the surface of the liquid can lead to the formation of a corona on the surface [1]. 

The aim of this work was an experimental study of the interaction of two drops of water when a cold drop falls 

on the surface of a hot drop. 

EXPERIMENTAL METHODS 

In Fig. 1. presents a diagram of the experimental setup. Ambient temperature was 20 °С, humidity was 40%, 

external atmospheric pressure was 1 atm. In the experiments, an aluminum substrate with a diameter of 40 mm and a 

height of 6 mm was used. The wall temperature Tw = 87 °С of the copper (1) under the drop 1 was measured by 

thermocouples (2) located at a distance of 0.5 mm from the wall. The temperature was maintained constant by 

changing the power of the electric heater (3), from which the substrate was heated. Drop 1 was created on the heated 

substrate using dispenser (4). The initial drop volume 1 was V01 = 55 μl, diameter D01 = 10 mm. The initial height 

drop1 h01 = 1.7 - 1.9 mm. The initial volume of droplet 2 V02 = 2.6 μl and the initial diameter of d02 = 0.95 mm. In 

the experiments the composition of drop 1 changed: 1) distillate, 2) water-graphite suspension. The mass 

concentration of graphite particles in water was 1 %. The particle size of graphite was 10-20 μm. The creation of 



drop 1 using a dispenser excluded  a drop decay. The height of droplet 2 fall was 4-5 mm. The time t = 0 s (Fig. 2) 

corresponds to the time when drop 1 was placed on the hot wall. The time of  droplet 2 fall corresponded to 9-10 s 

(Fig. 2).  

The temperature of drop 2 corresponded to the ambient temperature (20 °С). Weber number of droplet 2 We = 

(ρu2d02)/σ = 1.2, where ρ is the liquid density, u2 is the droplet 2 fall velocity before touching the upper surface of 

the sitting drop, and σ is the surface tension of the fluid. When droplet 2 fell, it flowed down on the surface of drop 

1. The value of the We number in the experiments was low; then the dropping of a droplet onto a droplet did not lead

to the formation of a corona and the droplet did not decay. All experiments were performed three times and the

geometric parameters of the droplets (heights and diameters) corresponded to the average values for three repeated

experiments.

To obtain average velocities in the horizontal cross section of water droplets, a Quantel Ever Green 70 double 

solid-state Nd: YAG laser was used in the experiments. The characteristics of the laser knife in the experiments 

were: wavelength - 532 nm, repetition frequency - 4 Hz, pulse energy - 70 mJ. Cylindrical lenses with an opening 

angle of 22. An imperX IGV-B2020M video camera (5) was used to record droplet images. The measuring scheme 

of the PIV method is shown in Fig. 1. ActualFlow software was used to process the data and construct the droplet 

temperature fields. The average velocity in the liquid was measured in the horizontal section of the drop 1 at the 

same distance from the wall equal to 1 mm. Velocity was averaged over the entire measured horizontal section of 

the drop 1. 

FIGURE 1.Experimental setup: 1 – heated horizontal substrate; 2 – thermocouples; 3 – heater power; 4 – dispenser; 5 – video 

camera. 

RESULTS AND DISCUSSION 

Fig. 2 shows the experimental data for the average velocity fields inside drop 1 obtained using the PIV method. 

After placing a cold drop 1 (the drop 1 temperature was 20 °С) on a heated substrate (Tw = 87 °C) the strong 

convective flows arise inside the drop 1 which depend on the buoyancy force (Ra number) and thermocapillary 

convection (MaT). Ra = gβΔT (R01)3/νa; MaT = (ΔTh01/μa)·(dσ/dTs), where σ is the surface tension of the liquid, h01 

is the drop height (h01 = 1.9 mm), μ is the dynamic viscosity, g is the gravity acceleration, ν is the kinematic 

viscosity of the water, a is the thermal diffusivity, β is the coefficient of thermal expansion. In the first seconds the 

velocity has a maximum value due to the maximum temperature gradient ΔT = Tw - Ts (Ts - temperature on the 



interface of the drop 1). After heating the liquid (t > 6-10 s) a further drop in the velocity is associated with a 

decrease in the drop height. When water evaporates the drop height decreases. 

Fig. 3 shows the change in the average velocity for drop1 for water (points 1) and for water-graphite suspension 

(points 2). The time of droplet 2 fall corresponds to 9 s. The use of water-graphite suspension led to a decrease in the 

average speed by 1.6 times compared with water at the initial drop time. For a droplet consisting of a water-graphite 

suspension, the droplet heating time is 3-4 s (for a water droplet is 5-7 s). Perhaps this is due to the suppression of 

MaT convection due to the influence of graphite particles which reduced the surface tension gradient. After the 

droplet 2 fall an increase in the average velocity uaver by 6 - 8 times was observed. At the same time for drop 1 

consisting of a water-graphite suspension (points 2) the velocity increased by 3.0–3.5 times. 

FIGURE2. Change in the average velocity uaver for drop1 in time section obtained using the PIV method (Tw = 87 °C, h01 = 1.9 

mm). 
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FIGURE3. Change in the average velocity uaver for drop1 over the time interval obtained using the PIV method (Tw = 87 ° C, 

h01 = 1.9 mm) 1 – water; 2 – water-graphite suspension; when a Droplet 2 of water falls. 

When droplet 2 fall (Fig. 4(b)) (t = 10 s) the direction of motion of the MaT force will change, since the center of 

the surface of drop 1 will cool (the temperature of droplet 2 corresponds to ambient temperature). After 3 seconds 

has passed after droplet 2 fall the droplet 1 surface  in the droplet center warms up (Ts increases, σ falls) and the 

motion direction  of the MaT force changes to the opposite one.  

FIGURE4. Rotation direction of the water in drop 1 depending on the MaT, MaC, and Ra with time: a) until droplet 1 fall; b) 

after the droplet 1 fall (water, t = 10 s). 

Thus, when modeling a spray, it is necessary to take into account a change in the direction of surface forces. 

CONCLUSIONS 

The liquid velocity inside the sessile drop 1 decreases in the first 5-7 s due to heating of the liquid. This drop is 

due to a decrease in the Marangoni force. The behavior of convection with and without graphite particles was studied. 

Graphite particles lead to a decrease of mass transfer after droplet fall. The falling droplet caused a narrow temporal leap in speed 

into sessile drop. When modeling a spray cooling, it is necessary to take into account a change in the direction of 

Marangoni surface forces. The direction of the forces changes over a short time interval after the droplets fall on a 

liquid layer (film). 
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