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Abstract A visualization study on the dynamic characteristics of two droplets impinging onto a hot plate was 
carried out. The sapphire plate was heated up to 300ºC by a brass casting heater. Two high speed cameras were 
used for side and bottom view visualization, and the frame rate was 20000 fps. De-ionized water droplet was 
made through a 31G injection needle and the droplet diameter (D) was 2.4 mm. The distances between two 
droplets were 1.5D and 2D. The Weber number was changed from 24.76 to 136.16 by changing the initial height 
of the droplet from 40 mm to 210 mm.  Induced detachment of coalescing droplets on hot surfaces was observed 
in both cases. Dynamic behavior of the droplets after impingement was strongly depended on the surface 
temperature and the distance of two droplets. The rebounding height of droplets at the  1.5D case was lower than 
that of the 2D distance at the same Leidenfrost condition. As increasing distance of two droplets, both maximum 
spreading diameter and rebounding height were increased.  
Keywords: Weber number, Leidenfrost phenomenon, Two droplet, Visualization 

1  Introduction 

   The impingement of single droplet on a hot surface has been applied in various fields such as spray cooling, 
ink-jet printing, and the rewetting of nuclear reactors. After impingement, droplet atomization increases the 
ratio of the droplet volume makes heat transfer and vaporization quickly and improves the cooling efficiency. 
In the case of diesel combustion, enhance the efficiency and decrease harmful emissions can be achieved. An 
icing droplet after impingement is dangerous to the road safety and may occur trouble to engine and 
measuring equipment in the aviation industry. It is necessary to study the collision of droplet onto the heated 
plate to understand characteristics of impinging jet at microscopic observation. [1] 

The dynamic behavior of droplet impingement are different depends on droplet size, velocity and 
temperature of hot surface such as stick, rebound, spread phenomenon. Fig 1 is the typical boiling curve. The 
critical heat flux point locates between the nucleate boiling regime and the transition boiling regime. At the 
Leidenfrost point, the lowest wall heat flux is occured. 

 

Fig 1 Boiling curve for water of 1 atm (Bernardin et al. [1999]) 
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Table 2 Specification of the sapphire glass 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Specification of used equipments 
 

Instrument Model 

High speed camera Photron Fastcam SA1.1 

 Camera Lens Nikon AF 105mm F2.8 

Light Source Halogen lamp(500W) 

Hot plate Brass heter (200 x 200mm, t:25mm, 2kW) 

Thermocouple K type 

Plate Sapphire window (100 x 100mm, t:3mm) 

Temperature controller TZ4ST(Autonics) 

SSR(Solid State Relay) HSR 2D402Z(Input:2~32V d.c, Output : 90~264V a.c)

Data logger HYDRA 2024A(Fluke) 

 
 

The Weber number (We) was estimated based on Eq. 1 for the measured droplet velocity, v, diameter, D0, 
water density, ρ, and surface tension, σ. The increase in the temperature of the water droplet can lead to a 
decrease in surface tension, so the Weber number can explain some of the kinetic energy when a water 
droplet impinges on the surface. 
 

We ൌ  ஡୴మDబ
஢

                                                                   (1) 

Before impact, the kinetic energy Ekin is πρDଷvଶ/12, and the surface energy Esurf,1 is πDଶσ.  After 
impact, the kinetic energy is zero, and the surface energy Esurf,2 is 1/4πDଶσ. A normalized Weber number 
(We*) is expressed by the ratio of the kinetic energy to the surface energy after impact, as defined by Eq. 2. 

 

Maximum useful 

temperature 
~2000ºC 

Specific heat  0.181 cal/gm (25 ºC) 

Thermal conductivity 

0.4 W/cm 

23.1 W/mK parallel to optical 

axis(300K) 

25.2 W/mK perpendicular to optical 

axis(300K) 

0.1 W/cm (1000 ºC) 

Density  3.97 gm/cmଷ (25 ºC) 

Roughness  Rz 0.1 (µm) 
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                 Weכ ൌ  Eౡ౟౤
E౩౫౨౜,మ

                                                                (2) 

 
Combining Eq. 1 and Eq. 2, Eq. 3 can be derived. 
 

                                                                     Weכ ൌ  Wୣ
ସ଼

                                                                   (3) 
 
The droplet was attached at the end of the needle for a moment (less than 1 second) and the droplet 

detached from the tip due to the motion of syringe pump. Since we used DI water, it cannot absorb heat by 
radiation. Most of previous studies used the same method for dropping water droplets. At the lowest Weber 
number case, few droplets were released before visualization to avoid heat transfer from the needle which 
could be heated by radiation. We confirmed that every droplets before impingement did not contain any 
bubbles. 

3 Experimental results and discussion 

Fig.3 shows dynamic behavior of the two droplet impinging simultaneously onto 300ºC surface at Weber 
number 24.76, distance of two droplet was 1D(distance = diameter of droplet ). After 3ms two droplets 
emerged one droplet and recoiled. 12ms later the droplet starts to rebound. Fig. 4 presents dynamic behavior 
of the two droplets impinging simultaneously onto 300ºC surface at Weber number 24.76 with the separation 
distance of 2D. Two droplets shows similar behavior with the 1D distance case but after 12ms there is a 
difference compared to that of 1D case. In the 1D case, impinging droplets are emerging and rebounding but 
in case of 2D distance, the droplets are rebounding and emerging. Rebounding height was different due to 
their emerging mechanism.  

Fig. 5 and 6 show dynamic behavior of the two droplets impinging separately onto 300ºC surface at the 
same Weber number 24.76 for 1D and 2D distance cases, respectively. In case of 1D separation, the first 
impinging droplet onto hot surface is spreading while the second droplet is impacting onto the hot surface. 
After impingement, the two droplets are emerging and rebound with a single droplet. In case of 2D 
separation distance, the first droplet spreads onto the surface, while the second droplet is about to impact the 
surface. When the second droplet spreads onto the surface, the impinged first droplet is recoiling. After 
recoiling, both droplets are rebounding separately.  

Fig 7 shows rebound coefficients of two droplets impingement with respect to time. Rebound coefficient 
is defined as h/H. At 300ºC surface, the maximum rebounding height of droplets in 2D distance case is 
almost double compare to that of 1D distance case. It can be explained that the mass of rebounding droplet 
after emerging two droplets in case of 1D distance is double compared to the mass of two rebounding 
droplets in case of 2D distance.  However, simultaneous impacting two droplets with 2D distance also 
emerged together just before rebounding. In this case, the maximum height of rebounding is lower than that 
of separately impinging two droplets with 2D distance. The reason is that the loss of kinetic energy during 
coalescence due to the wide separation. It should be noted that the rebound height becomes higher when the 
time delay of second impact of droplet becomes larger. 

 

 
Fig. 3 Dynamic behavior of the two droplet impinging simultaneously onto 300ºC surface at Weber number 
24.76 (40 mm) 1D  
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Fig. 5 Dyna
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