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Abstract. The paper considers the problem of the accuracy of enhanced boiling heat transfer 
correlations. The experimental results of boiling of distilled water and ethyl alcohol have been 
compared with models available in literature regarding heat flux values in the nucleate boiling 
mode. Based on the obtained data it can be stated that the correlations are generally inaccurate in 
the whole range of superheats. Only a modified correlation by Xin and Chao provided 
comparable results to the experimental data.  
Introduction 
Metal meshes are one of the passive methods of the enhancement of boiling heat transfer. They 
may be applied onto heating surfaces and provide the advantage of increasing heat transfer 
coefficients or heat flux at the same superheat (temperature difference). Due to their positive 
impact, meshes have been tested in various studies. Smirnov et al. [1] performed tests of boiling 
of water and ethanol on heaters with copper and brass mesh layers. These meshes were bonded 
mechanically to the base surfaces. The general finding was that heat flux was independent of the 
layer height and not particularly dependent on the kind of material from which it was made. 
Franco et al. [2] studied the performance of heaters covered with stainless steel, aluminum, 
copper and brass meshes under boiling of refrigerant R141b. The meshes were joined with the 
surface using a specially designed mounting that enabled the control of channels in the screen. It 
was observed that if meshes of different aperture were used together, the highest enhancement 
was obtained for layers consisting of finer meshes at the base on the surface and coarser meshes 
higher. Li et al. [3] experimentally analyzed water boiling on meshed surfaces. The authors used 
sintering as a technique to produce samples. The sintering temperature was 1030oC and took 
place in the mixture of nitrogen and hydrogen. The specimens had maximally nine meshes. It 
was reported that the proper contact conditions between the heat exchanger elements led to an 
increased heat transfer - all meshed heaters enhanced boiling in comparison with the smooth 
surface (without such covering). It needs to be noted that other types of microstructures are also 
tested in view of boiling heat transfer augmentation. For examples in [4], data on R113 pool 
boiling of heaters with sintered powders made of bronze were presented. The porous coating 
tested by the authors had the height of 2 mm and the research was conducted under ambient 
pressure.  
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The use of meshes usually enhances boiling heat transfer. The level of enhancement depends 
on the number of factors. However, up to now the literature does not provide a model of heat 
transfer that would be successful in determining heat flux from meshed surfaces.  

One of the easiest models of boiling heat transfer was proposed by Nishikawa et al. [4]. The 
authors used the assumption that the porous layer is filled with liquid, however due to a small 
Rayleigh number, natural convection may be disregarded and heat is transferred through 
conduction. Smirnov and co-workers [1] conduced experimental and theoretical study focused on 
boiling heat transfer on meshed surfaces. The model that the authors proposed is based on the 
assumption that vaporization occurs in each elementary cell of a microstructure, while the system 
of meshes located on the heater can be regarded as an array of microfins. Consequently, adequate 
formulae can be used for calculations. Xin and Chao [5] produced a model originally addressed 
to analyze the thermal performance of Gewa – T tunnel structures. It was later extended to 
consider also Thermoexcel porous coatings. In this model it was assumed that the internal tunnel 
within the structure is filled with vapor. Vaporization occurs within the internal surface of the 
covering from a thin liquid film. The thickness of this film was considered to decrease to zero 
with the approach to the heater surface. 

The results obtained in this study seem to be very interesting for many branches of industry, 
both designing such heaters and using them utilitarily in their activities e.g. hydraulics of heavy-
duty machines [6, 7], corrosion protection of agricultural machines [8], coupled problems of 
fatigue and thermomechanical loads [9, 10], especially at very high temperatures of techno-
logical processes [11, 12]. The results will also influence the management and investment 
decision-making processes of the companies concerned [13-15], as well as the orientation of 
quantitative material assessments provided by image analyzes[16-18]. 
Material and method 
The investigations were focused on the copper mesh layers sintered onto copper disks of 3 cm in 
diameter (Fig. 1). Such a system works as a heater located horizontally and supplied with heat 
from the lower part of the experimental set-up. A glass vessel is placed above the sample and 
sealed to the base. Here, the boiling process occurs, while condensation recovers the generated 
vapor so that the liquid level is kept constant. The details of the experimental stand have been 
discussed by the co-author in [5]. Two boiling liquids were used for the analyses, namely 
distilled water and ethyl alcohol of high purity (99.8%). The experiments were performed under 
ambient pressure. Cooling of the condensate was provided with the use of cold water in a glass 
condenser.  

 

 
 

Fig. 1. Example sample of a single mesh layer sintered onto the copper base. 
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The thermal performance of the samples was obtained as boiling curves – representing the 
dependences of the heat flux values vs. wall superheat. The consecutive data points were 
determined with the rising heat flux values (obtained precisely with the autotransformer). The 
experiments were focused on the nucleate boiling mode of pool boiling heat transfer due to its 
highest practical applicability for the design of phase –change heat exchangers.  
Results and discussion 
The application of meshed surfaces generally provides additional advantage comparing to a 
smooth surface without such a coating (as indicated by many literature reports). Fig. 2 presents 
the enhancement ratio generated for a double mesh layer (raw data adapted from [19]). It is the 
ratio of the heat flux (qmeshed) exchanged from the meshed surface to the heat flux from the 
smooth surface (qsmooth) assuming the same superheat (θ). It is clearly visible that the 
performance of the microstructural coating is highest at small superheats (the enhancement ratio 
reaches the value of almost 6.5). As the heat flux is increased and the superheat rises, the thermal 
performance of the mesh coated samples becomes weaker but is still a few times higher than for 
the smooth reference surface (exactly three times at ca. 10 K superheat). It might be explained by 
the activation of more and more nucleation sites (locations where vapor bubbles grow and from 
where they depart) on the smooth surface, while they are already there on the mesh coated 
heaters due to the presence of metal wires on the surface. As a consequence, the smooth surface 
becomes more and more efficient as the temperature rises, while the microstructural coatings 
offer no significant additional advantage in this range of superheat. 

  

 

Fig. 2. The enhancement ratio of the double mesh layer. 
Apart from experimental results obtained in the laboratory, another vital issue is a correct 

design of such phase – change heat exchangers. In order to do it properly, a reliable model of the 
phenomenon is necessary. However, despite many papers written on this subject and many 
research projects conducted, up to now models and correlations from literature that provide 
formulae for heat flux are often inaccurate. Some might provide good congruence with the 
experimental results, however, it is only for a certain kind of microstructural coatings or a very 
limited range of heat flux.  

In order to verify if the selected models and correlations available in literature are precise in 
determination of heat flux based on the physical and chemical properties of the samples and 
boiling agents, an analysis was performed. Fig. 3 and 4 present the comparison of the 
experimental data adopted from [19] for meshed surfaces (respectively, for a single mesh of wire 
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diameter 0.50 mm and aperture 0.75 and a double mesh of wire diameter 0.32 and aperture 1.50) 
with correlations from literature. The following models were used: the one developed by 
Smirnov et al. [1], Nishikava et al. [4] and Xin & Chao [5]. The proper performance of 
calculations according to the model presented by Xin and Chao was only possible after certain 
modifications done onto the original morel. They included the width of a single cell to be 
considered as the total of wire diameter and aperture and the width of the tunnel as aperture. The 
results of the calculations are presented for both the working liquids (a –distilled water, b – ethyl 
alcohol). 
a) 

 

b) 

 
Fig. 3. Comparison of the experimental data for the single mesh 0.75x0.50 with the correlations; 
1 - experimental results, 2 - calculation results with Nishikava et al. correlation, 3 - calculation 

results with Xin and Chao correlation, 4 - calculation results with Smirnov et al. correlation; a – 
distilled water, b – ethyl alcohol 

a) 

 

b) 

 
Fig. 4. Comparison of the experimental data for the double mesh 1.50x0.32 with the 

correlations; 1 - experimental results, 2 - calculation results with Nishikava et al. correlation, 
3 - calculation results with Xin and Chao correlation,  

4 - calculation results with Smirnov et al. correlation; a – distilled water, b – ethyl alcohol 
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The analysis of Fig. 2 and 3 reveals that the model by Xin and Chao with modifications 
proved to be the most accurate for the analyzed samples. The simplest model proposed by 
Nishikava et al. produced too high values probably due to the assumed model of heat transfer 
within the structural coating (and, thus, it was the least effective). The correlation by Smirnov et 
al. usually provided too low values, although in some cases the congruence, especially in the 
range of low superheats was high. The general findings of the paper are in agreement with 
literature of boiling on enhanced surfaces.    
Conclusions 
Sintered metal meshes are believed to be very effective in dissipating large heat fluxes with low 
superheat during pool boiling, although the treated surfaces also appear to be very efficient at 
flow boiling, as shown e.g. in experimental research [20], and in numerous computational 
studies, both in approaches directly based on Trefftz functions [21, 22] and inverse problems [23, 
24]. However, models and correlations available in literature are often inaccurate. Their 
limitations often comprise a certain kind of the microstructural coating that was considered by 
the authors or a limited range of superheat values. Consequently, a new model is necessary to be 
developed and applied for the porous layers.  
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