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Abstract. The article is focused on the heat transfer phenomenon during the boiling of specimens 
produced with the laser beam. The study discusses the enhancement of heat flux values, which is 
possible thanks to the use of surface extension with the laser treatment process. The visualization 
of the boiling process with the high-speed camera enables us to better understand the phenomenon 
of boiling. The paper also discusses the application of a selected model to determine heat flux 
values of the laser-treated sample during the process of distilled water and ethyl alcohol boiling 
under atmospheric pressure.   
Introduction 
Treatment of various materials with the laser beam alters the morphology of the surfaces, on which 
it is applied. The introduction of this technology into the heat transfer area has led to the discovery 
of significant possibilities that this technique has for improving heat transfer during phase change 
processes.  

In fact, any change in the surface morphology might have a larger or smaller influence on the 
heat transfer phenomenon during pool boiling as well as flow boiling (where significant 
enhancement is possible as pointed out by Piasecka et al. [1, 2], who used laser texturing as a tool 
for surface modifications). In the case of pool boiling Kaniowski and Pastuszko [3] investigated 
the boiling of water on samples made in the form of microchannels, whose depth was from 0.2 to 
0.5 mm. The maximal value of the heat flux was even two and a half times larger than in the case 
of the sample without such grooves. The authors also measured the average diameters of the 
departing vapor bubbles. These values increased and the departing frequency decreased as the heat 
flux rose. In their next paper [4] the authors tested FC – 72 as the boiling fluid. In this case, they 
also observed that there was an improvement caused by the modification of the surface. The values 
of the heat transfer coefficient increased by over five times and were considered to be similar to 
those generated with the nanotubes. The final remarks in the paper state that the boiling 
phenomenon is influenced by specimens’ roughness, contact angle as well as wettability. In the 
paper [5] laser treatment was applied to produce samples of longitudinal fins on copper circular 
samples. The depth of the grooves was 0.25 mm and 0.55 mm, while their width was 0.60 mm and 
1.15 mm. Such specimens were tested in water and ethanol and proved to be very efficient in 
dissipating heat. In the paper, a modification of the model was developed for these kinds of 
microstructures. It needs to be mentioned that the improvement of heat flux values can also be 
additionally obtained if nanofluids are used [6, 7]. In the case of using both nanofluids and laser 
treatment of samples, a significant enhancement might be obtained. Although in this case tests 
should also cover the long-term impact of the nanoparticles on the microstructure on the bottom 
of the grooves, which offers additional nucleation sites for further boiling enhancement.   

Generally, many types of microstructures are produced and used for heat exchanger design, 
both on the laboratory scale as well as commercially. Some are part of heat pipes, which are very 
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efficient and widely used devices for heat transfer in various applications as pointed out by 
Hrabovsky et al. [8] and Nemec [9]. They might also be applied in HVAC systems. A paper by 
Zender-Świercz [10] is focused on the issues of air and its quality considering the outdoor air 
properties. 

The laser treatment is characterized by the production of grooves of regular and repeatable 
microgeometry. At their bottom, the morphology is altered, which might lead to increased heat 
fluxes, especially in the range of low-temperature differences. The current paper analyses the 
phenomenon of pool boiling on such microstructures during water and ethanol nucleate boiling 
conditions under ambient pressure.  
Material and Method 
Laser treatment of copper samples of 3 cm diameter enables the generation of various geometrical 
shapes and sizes of the microstructure. The precise design of samples enables a generation of 
specimens of optimal dimensions. Fig. 1 presents example samples produced with the SPI G3.1 
SP20P pulsed fiber laser with an impulse frequency of 60 Hz and scanning velocity of 200 mm/s. 
The laser pulse during the fabrication of the specimens lasted 60 ns and the focal spot size was 35 
µm. 

 

 
 

Fig. 1. Examples of laser-treated samples of various groove depths and widths.  
The experimental determination of boiling of the laser-treated samples was done on the stand 

equipped with an electric heater, whose aim was to provide heat so that boiling could be sustained. 
The heat flux was changed using an autotransformer to generate high temperatures for nucleate 
boiling tests. Distilled water and ethyl alcohol were boiled and their vapor was recovered with the 
cooling coils. Before the actual tests both the liquid had to be degassed so that dissolved gases 
would not influence the experiment.    
Results and Discussion 

The performance of microstructure-covered samples can be done by determining how much 
heat is dissipated. However, it is also important to know how the physical process occurs. In order 
to do this, a high-speed camera can be applied. This device enables one to take a sequence of 
photos at extremely short time intervals. Fig. 2 presents example photos of the boiling phenomenon 
of distilled water at high heat flux values.  
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Fig. 2. Pictures of boiling of water with the high speed camera – time between each frame: 0.02 
s.  

As can be seen, the whole sample participates in the process of bubble generation and release. 
The convective forces seem to be quite strong at this stage of the developed nucleate boiling mode. 

The study of the performance of the laser-treated samples indicates that some are more efficient 
than others. Fig. 3. presents the ratio of the heat flux dissipated by sample 1 (of 0.55 mm groove 
depth and its width of 1.15 mm) to the heat flux values dissipated by sample 2 (of 0.25 mm groove 
depth and its width of 0.60 mm) – based on data presented by the authors in [5].   

 

 
Fig. 3. Enhancement ratio for two samples at water and ethanol boiling. 

 
Here we can see that sample 1, whose grooves are bigger and their width larger than sample 2, 

performs better during the boiling of both liquids. In the case of ethyl alcohol this enhancement is 
stable over various temperature differences and amounts to about 1.4. A different situation occurs 
for water. Here, sample number 1 outperformed number 2 to a larger degree, especially in the area 
of low-temperature differences. The different character of those changes for both the analyzed 
liquids might result from their different wetting characteristics. Surface tension for ethanol is 
smaller, while for water it is much larger. 

The design of heat exchangers requires that their performance should be quite precisely 
determined with models or correlations. Different techniques can be applied in terms of 
mathematical modeling as the discussed example in [11 - 13], but their aim is to properly determine 
a certain quality. In the present paper, Nishikava et al. [14] model will be used. The experimental 
data taken from the paper by the authors [5] regarding samples 1 and 2 (mentioned earlier) have 
been compared with the calculation results according to the above-mentioned model and presented 
in Fig. 4 for distilled water and Fig. 5 for ethyl alcohol. 
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Fig. 4. Comparison of the experimental and model calculated data for distilled water. 

 
Fig. 5. Comparison of the experimental and model calculated data for ethyl alcohol. 

The Nishikava et al. [14] model is quite simple among all the boiling models. It is the main 
assumption is that heat transfer within the microstructural element (in the analyses case 
longitudinal fins) occurs due to the conduction mode in the two-phase system composed of the 
boiling liquid and the solid material (in this case copper fins). The proposed correlation requires 
the calculation of the effective (substitute) thermal conductivity value as the product of the 
conductivity values of the liquid and solid phases as well as the volumetric porosity of the whole 
system. On the other hand, the heat flux values are calculated based on the already determined 
conductivity as well as the temperature difference between the heater and the saturation 
temperature. The height of the structure is also considered in the model. 

The experimental and model data points differ significantly as can be seen in Fig. 4 and 5 for 
both the boiling liquids considered in the study. Undoubtedly, the simplicity of the model that was 
selected for calculations might be responsible for such results. The Nishikava et al. [14] model 
does not take the movement of vapor bubbles and the convection forces into account. It also needs 
to be noted that the structure generated by the laser beam is non-uniform and significant surface 
roughness is produced at the bottom of the grooves. Thus, additional nucleation sites are produced, 
which might lead to elevated heat flux and heat transfer coefficient values. The model adopted 
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from literature does not take it into account either. Moreover, the laser-generated fins do not have 
the same width along with the height. It is reduced at the top and is larger at the bottom, which 
results from the laser treatment technique itself. While the calculations according to the considered 
model did not take this fact into account, the impact of this simplification might not be large 
enough to be visible in the graphs above. 
Summary and Conclusions  
Laser treatment is a modern and efficient method used to alter the morphology of various surfaces 
and can be effectively applied for boiling heat transfer enhancement. The various shapes and sizes 
that can be designed enable the production of highly efficient heaters that can considerably 
improve boiling conditions and lead to more heat being exchanged in such phase–change heat 
exchangers at the same temperature differences. 

The differences between various samples with regard to heat flux values might be significant 
and depend on the temperature differences (as in the case of water), or be independent of it (as for 
ethyl alcohol). However, the proper design of such a heater can lead to higher values of heat 
transfer coefficient for such surfaces. 

The comparison of the experimental data with the model calculations according to the 
calculation adopted from the literature has shown major differences. They might be related to the 
fact that the model is quite simple and does not consider the specific features of the laser-treated 
metal surfaces as those presented in the paper. However, a proper modification of the presented 
model, with the alternations mentioned earlier in the paper, could provide more accuracy for laser-
treated heat exchanging surfaces [15-17]. It is a very interesting issue worth an in-depth study with 
the use of various computational and analytical tools [18-20]. 
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