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1. INTRODUCTION   

Pool boiling has been proven as a very effective process for heat transfer in cooling applications. Surface 

wettability plays a vital role in pool boiling heat transfer [1]. Surfaces with customized wetting patterns 

(hydrophilic surfaces with hydrophobic regions), when properly optimized geometrically, have shown a high 

potential of enhancing heat transfer [2], by promoting nucleation at lower superheat values and allowing a 

significant increase in the critical heat flux [3]. However, the scarce number of experimental studies performed 

so far shows a clear limitation: while authors describe nucleation and bubbles dynamics (and eventually thermal) 

behavior, with significant detail, very little is known regarding the internal flow inside the bubbles, which 

nevertheless may strongly affect both dynamic and thermal processes. Hence, a deeper knowledge on the 

dynamic behavior of both the vapor inside the bubble and the surrounding liquid could provide a deeper insight 

on the forces acting on the bubble. Such detailed description also allows a clearer analysis of the relation 

between the geometry and varying wettability patterns of the surface and its performance in terms of an effective 

heat transfer enhancement. In previous works, a two-phase, CFD, enhanced numerical model for nucleate 

boiling that uses an enhanced Volume of Fluid (VOF) based method [4] has been developed. In this work, this 

model will be tested in pool boiling applications for biphilic surfaces and validated based on experimental 

values. 
 

2. EXPERIMENTAL METHDOLOGY 

The utilised validation data for the proposed numerical model are based on results obtained combining high-

speed imaging and timely resolved thermography, following our previous work [5]. The recorded videos are 

processed using in-house MATLAB routines. Experimental values are averaged from four events.  

The experimental setup consisted of a water filled tank with lateral glass windows for optical access. The 

water inside the tank is kept at saturation temperature at atmospheric pressure with the help of resistance heaters. 

Test conditions are controlled by K-type thermocouples and a pressure transducer (OMEGA DYNE INC).  
The surface is a 20m thick stainless-steel thin foil (AISI304) that is heated by Joule effect, directly fed by DC 

current, using a HP6274B power supply. For this part of the study, the simple biphilic pattern consisting of a 

superhydrophobic circular region in the middle of a hydrophilic stainless-steel surface is utilised. A mask with a single 

circular region was placed on top of the metal sheet and then coated with a superhydrophobic cover for this purpose.  

 

3. NUMERICAL METHODOLOGY 

For this study, a previously developed, enhanced VOF-based numerical simulation framework, implemented 

in the general context of OpenFOAM CFD Toolbox, was utilised. To validate the numerical model the 

conditions presented in Table 1 were fixed both in the numerical simulation as well as in the laboratory 

experiments. 

 

 

 

 



UKHTC2019-076 

 

 

 

 

 

Table 1. Parameters of the experiments and numerical simulation 

Parameters Values 

Applied heat flux 1.39E3 [W/m2] 

Hydrophilic region wettability characterization:   

Advancing Contact Angle  85.54 [º] 

Receding Contact Angle 34.37 [º] 

Super Hydrophobic region wettability characterization:  

Advancing Contact Angle 160.88 [º] 

Receding Contact Angle 158.98 [º] 

Region diameter 1.5 [mm] 

 

In the VOF method, a volume fraction field α identifies the volume of liquid within a cell. The volume of the 
gaseous phase is therefore given as (1- α). The value of α is 1 inside the pure liquid cells, 0 in the pure gas cells 
and between 0 and 1 in the cells containing the interface area. This procedure allows using a single set of 

continuity and momentum equations for the entire flow domain. A more detailed description of the utilised 

numerical simulation framework can be found in [4]. For the purposes of the present numerical investigation 2D 

axisymmetric numerical simulations were performed. For this purpose a wedge computational domain 

representing a 5o section of the actual 3D phenomenon was utilised. A non-uniform, structured computational 

mesh was constructed consisting of a total number of 59,848 cells. The mash and the vertical and horizontal 

dimensions of the computational domain were selected after appropriate mesh independency and domain 

independency studies. 

 

4. RESULTS 

 

Figure 1 depicts a comparison between the experimental results and the model predictions. Figure 1 (a), 

shows the visual pairing of the experimental and the numerical images at several stages of the considered 

bubble growth. This first analysis shows a very good agreement between the experimental and the numerical 

data and a very promising numerical reproduction of the bubble shape, even at later stages of bubble 

detachment (t=2.020s and t=2.024s) where necking is more pronounced. Figure 1 (b) shows the comparison 

between the temporal variation of the equivalent bubble diameter. This diameter is calculated using the 

bubble volume and assuming a spherical approximation. In this case, there is a very good agreement between 

the experimental data and the numerical results. At later stages of bubble detachment, the results for both the 

volume and maximum diameter are considerably closer than at earlier stages. This may be due to the fact 

that, at instant 0, the experiments start with a vapor layer that covers all the superhydrophobic region.  This is 

due to the fact that several bubble cycles have preceded the considered bubble growth and detachment. The 

numerical model on the other hand starts with no vapor layer and only one bubble growth and detachment 

cycle is considered. Regarding the bubble detachment time, the fact that there is no vapor layer at the initial 

instant for the numerical simulation was considered in the graph by displacing the experimental results to the 

time when the numerical diameter reached the layer diameter. Hence, the final detachment time observed in 

both experiments and numerical predictions is the same, showing less than 0.1 seconds of difference. 
 

  

(a) (b) 

Fig. 1 Comparison between Experimental and Numerical results to validate the model. (a) Visual comparison of 

several bubble growth stages. (b) Equivalent diameter comparison. 
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Having validated the model, a more in depth study on the velocity and temperature profiles inside the 

bubble can be made. The extracted colormaps for the studied case are shown in Figure 2. The temperature 

results portrait a hotter region near the surface and inside the bubble. On the bubble contact line, lower 

temperatures can be seen. Evaporation occurring in this area can justify this lower temperature values. 

Regarding the velocity results, the higher velocities can be seen during the detachment, in the neck region. 

The necking-detachment timeframe is very small so these should stand out as the bubble detaches. 

 

Fig 2. Velocity Magnitude and Temperature inside and outside the bubble. 

 
5. CONCLUSIONS 

 
The dynamic behavior of the bubble was accurately replicated by the model. Data on temperature and 

velocity profiles that cannot be extracted from the experimental measurements were post-processed from the 

simulation results. For a more complete validation of the model, further simulations need to be made testing 

different wettability as well as thermal conditions. In order also to investigate the thermal response of the 

surface, the conjugate heat transfer version of the utilised numerical simulation framework need to be 

applied in the future. In conclusion from the overall results of the present investigation it is obvious that the 

combination of enhanced direct numerical simulations with high-resolution transient experimental 

measurements can constitute a promising tool for further and deep understanding of the hydrodynamic and 

heat transfer characteristics of pool boiling in heated biphilic surfaces. 
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