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Abstract: This article focuses mainly on the effect of surface roughness and nanofluid concentration on: wettability 

and thermographic profile of the test surface. It also discusses the their effects on the heat transfer coefficient 

(HTC). Copper heating surfaces with different roughness values, in order to analyze the interaction between the 

surface roughness and nanoparticles deposited on the heating surface. Nanostructured surfaces were produced 

through nanofluid boiling process by depositing alumina nanoparticles in different mass concentration. The 

surfaces were analyzed by using, roughness, wettability and thermography. The superficial roughness nanocoated 

was a function of the concentration of nanofluid boiled. As the nanofluid concentration increases, the surface 

roughness also increases and the contact angle decreases, showing a hydrophilic behavior. It was observed that 

the smooth surface has the lower values in respect of the heat transfer coefficient, in comparison with the other 

samples. The nanolayer formed on rough surfaces increases the thermal resistance of the surface, reducing the 

heat transfer; but for smooth surfaces, the deposition of nanoparticles increases cavities radius, increasing the 

boiling heat transfer. However, this phenomenon occurred only for the low concentrations of nanofluid. 
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Introduction: Studies on the influence of nucleated pool boiling encouraged the scientific community to 

investigate new techniques for intensifying the boiling heat transfer coefficient (HTC), such as the use of 

nanoparticles suspended in a base fluid (nanofluids) and micro and nano-structured surfaces. 

The use of nanofluids in the nucleate pool boiling has been extensively investigated because of its ability to 

change the wettability due to the formation of nanoscale structures deposited on the heating surface. However, the 

influence of nanofluid on the HTC was not fully understood. Quan et al. (2017), Manetti et al. (2016) and 

Shahmoradi et al. (2013) studied the influence of the nanostructured surface on the wettability, varying the 

nanofluid concentration. 

The deposition rate of nanoparticles is proportional to the concentration of nanofluid, i.e., for high 

concentrations of nanofluid it leads to decrease in the number of active nucleation sites and then increase the 

thermal resistance on the heating surface (Vafaei, 2015). Sarafraz et al. (2013) reported that wettability increased 

due to deposition of nanoparticles, reducing nucleation sites and degradation the HTC. 

Based on the literature review, this work focuses on thermographic analysis of different surfaces, a comparison 

between nanofluid concentration and wettability, and how all these factors influence HTC. 

 

 

Experimental: The tests were performed based on Manetti et al. (2016) data, which was carried out on copper 

cylinders heating surfaces with different roughness values, corresponding to a smooth surface (Ra = 0.05 μm, 

namely SS) and a rough surface (Ra = 0.23 μm, namely RS). Six different copper surfaces, four of them being 

nanocoated were analyzed; two smooth surfaces with nanoparticle deposition, at low and high concentration of 

Al2O3-water nanofluid (namely Al-SS-LC, and Al-SS-HC) and two rough surfaces with nanoparticle deposition, 

at low and high concentration of Al2O3-water nanofluid (namely Al-RS-LC and Al-RS-HC).  

Nanocoated surfaces were obtained by boiling process of Al2O3-water nanofluid, applying a heat flux range 

of 100 to 800 kW/m². In order to verify the influence of nanolayer thickness on the surface roughness and 

wettability, two different nanofluids concentrations, 0.029 g/l (corresponding to low nanofluid concentration) and 

of 0.29 g/l (corresponding to high nanofluid concentration), were used.  
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The Al2O3-water based nanofluid, with an average particle size of 10 nm, was prepared by the two-step method 

and then submitted to ultrasonic agitation (25 kHz) during three hours to ensure full dispersion of nanoparticles. 

Three techniques were used to obtain the surfaces characteristics, prior and after each test:  structural and 

chemical information by scanning electron microscopy (SEM); average surface roughness (Ra), static contact 

angles measured by analysis of pictures of a sessile droplet (20 µl of deionized water) using an experimental 

apparatus developed.  

Thermographic analysis was used on the six surfaces tested in order to observe if there was or not local temperature 

decrease. 

 

Results and discussion: The experimental results shows that enhancement or deterioration of nanofluids in boiling 

heat transfer is affected by surface morphology and the interactions between the relative size of the nanoparticles 

with the heating surface.  

Thermographic analysis of the images shows that there is qualitatively a change in the temperature distribution; 

the tests showed that quantitatively this variation is numerically small, being close to the uncertainty of the 

thermocouples used to measure the actual temperature of the test surface. 

The temperature gradient obtained in the thermographic images corroborates the HTC curves on rough surfaces 

for flows greater than 400 kW / m² in which it shows that the water had better surface cooling performance and 

the high concentration nanofluid had a lower performance. 

After the boiling process it was realized deposition of nanoparticles for all surfaces tested, being stepped up to 

high heat fluxes (higher than 400 kW/m²). The increased surface roughness is one of the effects of the deposition 

of nanoparticles but also changes the characteristics of the surface wettability.  

Both nanofluids increase the surface wettability due to change on surface tension, caused by the addition of 

nanoparticles on the base fluid as presented by Bhuiyan et al., 2015. 

 

Conclusion: Through an analysis of the effect of concentration of nanofluid and surface roughness on the 

wettability and HTC. A metallographic characterization, roughness, wettability and thermographic profile before 

and after nanofluid pool boiling tests. The main conclusions are: The nanofluids decrease the static contact angle, 

and this behavior is most notable in nanocoated surfaces, produced after nanofluids boiling process; Surface 

roughness and the static contact angle depends on the nanofluid concentration used; as a result, nanofluid 

concentration increases the surface roughness, wettability and thickness nanolayer also increase by changing the 

temperature gradients also in surface thermographic profile. In this work it was realized that the original surface 

features had less influence on the behavior of wettability; The thermal analysis showed the behavior when the 

surface is submitted to flux greater than 400 kW / m², with decrease in HTC with the increase of the nanofluido 

concentration. 
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