
nucleation sites is 1012 m-2. These results indicate that the number of nucleation sites impacts on the heat 

transfer performance very significantly. 

 (a) /dQ dr     (b) ( )Q r  

Figure 3: Heat flux at different numbers of nucleation sites 

3.2 Minimum radius 

Figure 4 shows the population distribution, covered area and heat flux at different minimum radius, where the 

number of nucleation sites is 1010 m-2, the contact angle is 120 °, the advancing contact angle is 142 °, the 

receding contact angle is 102 °, the saturation temperature is 373 K, and the wall subcooling temperature is 10 

K. At this case, the minimum radius calculated is 2.09 nm and set to 20.9 nm and 209 nm which are enlarged 

10 times and 100 times. It can be seen in Figure 4a that due to a change of the minimum radius, the population 

distributions of small droplets are quite different. The droplets with a radius between the minimum radius and 

the characteristic coalescence radius have higher population while the minimum radius increases. As shown in 

Figure 4b, dQ/dr has a peak at the droplet radius of 3.4 μm, which is close to the characteristic coalescence 

radius of 5 μm, and much higher than 100 times of the minimum radius of 209 nm. As a result, the minimum 

radius affects the dropwise condensation heat transfer slightly. While increasing the minimum radius by a factor 

of 100, the overall heat flux declines by 2.4 %, as shown in Figure 4c. 

  (a) ( )rN    (b) /dQ dr  (c) ( )Q r  

Figure 4: Population distribution and heat flux at different minimum radius 

3.3 Contact angle 

Figure 5 shows the population distribution at different contact angles, where the contact angles are 90 °, 120 ° 

and 150 °, which are all 10 ° less than the advancing contact angle and 10 ° greater than the receding contact 

angle. The saturation temperature is 345 K, the wall subcooling temperature is 5 K, the coating thickness is 1 

μm, the coating thermal conductivity is 0.2 W m-1 K-1, and the number of nucleation sites is 2.5×1011 m-2. In this 

case, the departure radius is 1.32 mm, 0.88 mm and 0.47 mm. The population distributions have small difference 

while calculated by ( )rN . Due to the base area of the droplets decreases, while the contact angle is increasing, 

the covered area ratio is 90.11 %, 68.79 % and 22.28 %, as shown in Figure 6a. The population distributions 

are quite different while calculated by ( )rN , and the covered area ratio is 90.11 %, 91.72 % and 89.14 %, as 

shown in Figure 6b. The area occupied by droplets while using ( )rN  as the droplet population distribution is 

just the projected area while using ( )rN , which can be derived directly from Equation (5). It can be deduced 

that the reference Kim and Kim (2011) used ( )rN  to simulate the droplet population distribution. Heat flux 
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affected by the contact angle is shown in Figure 6c. As the contact angle increases, for the droplets with the 

same radius, the heat transfer resistance becomes higher, and the population distribution changes a little, so 

the overall heat transfer performance declines. The heat flux is 151 kW m-2， 121 kW m-2 and 57.2 kW m-2. 

From the experimental results of pure vapour condensation (Wang et al., 2010), the heat flux of the 

superhydrophobic surface is only about 40 % of that of hydrophobic surface. Figure 6c agrees well with this and 

is different from some other numerical results both of flat surfaces (Kim and Kim, 2011) and horizontal tube 

surfaces (Hu and Tang, 2014). By inference, increasing the contact angle weakens the dropwise condensation 

heat transfer. Heat transfer enhanced by the superhydrophobic surface is mainly caused by the reduced 

departure radius with the presence of non-condensable gas. 

  (a) ( )rN                                              (b) ( )rN  

Figure 5: Population distribution at different contact angles 

  (a) ( )r  using ( )rN          (b) ( )r  using ( )rN        (c) ( )Q r  using ( )rN  

Figure 6: Area ratio occupied by droplets and heat flux at different contact angles 

3.4 Departure radius 

The droplet population distribution and heat flux affected by the departure radius is shown in Figure 7, 

where the contact angle is 90 °, the advancing contact angle is 100 °, the receding contact angle is 80 °, 

the saturation is 373 K, the wall subcooling temperature is 10 K, the coating thickness is 1 μm, the coating  

       (a) ( )rN                                              (b) ( )r          (c) ( )Q r  

Figure 7: Population distribution and heat flux at different departure radius 
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thermal conductivity is 0.2 W m-1 K-1, and the number of nucleation sites is 2.5×1011 m-2. The departure radius 

calculated is 1.28 mm, and set to 0.128 mm and 0.0128 mm to investigate its influence. As the departure radius 

decreases, the droplet population increases, the occupied area ratio decreases with the value of 91.08 %, 83.83 % 

and 67.25 %, and the overall heat flux increases obviously with the value of 350.2 kW m-2, 703.0 kW m-2 and 

1,093.9 kW m-2. These results agree with the experimental results reported by Kim and Nam (2016). 

4. Conclusions

(1) The number of nucleation sites affects the heat transfer performance of dropwise condensation very 

significantly. As the number of nucleation sites increases, the number of small droplets grows, the area 

occupied by droplets increases and the total heat transfer performance is greatly enhanced.  

(2) Due to the presence of the coating conductivity resistance, the temperature difference between the 

vapour and the coating surface is less than that between the vapour and the substrate. The actual 

minimum radius will increase while the coating conductivity resistance increases. But the minimum radius 

affects the heat transfer performance slightly while it is much smaller than the characteristic coalescence 

radius.  

(3) As the contact angle increases, the droplet population distribution has little difference, the resistance 

of the droplets with the same radius increases and the overall heat transfer performance descends. It can 

be concluded that the heat transfer performance of the superhydrophobic surface is poorer than that of 

the hydrophobic surface at the pure vapour environment. 

(4) Dropwise condensation enhanced by the superhydrophobic surface is mainly because of the 

decreasing of the departure radius, with the proviso that the presence of non-condensable gas leads to 

droplets at suspended state. 
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