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Abstract. Saturated boiling of nanofluids on a cylindrical heater with different diameters is 

experimentally studied. Studied nanofluids were prepared using distilled water and different 

metal oxides nanoparticles. The volume concentration of the nanoparticles was changed from 

0.05 to 1%. It has been measured that the critical heat flux for nanofluids was much higher than 

for water. A strong dependence of CHF on the material and size of the nanoparticles and 

duration of boiling and size of heater was shown. 

 

 

 

1 Introduction 

Studies of the last two decades have shown that nanofluids have unusual transfer properties. In 

particular, small adds of nanoparticles into carrying liquid can considerably increase its heat 

conductivity and viscosity [1–4]. This stimulated many thermophysical applications of nanofluids, 

particularly, aimed at intensification of heat exchange. It has been found that nanofluids have really 

enhanced coefficients of heat transfer (see, for example, [5, 6] and literature cited there in). The 

further intention to increase this coefficient stimulated the study of heat transfer of nanofluids during 

boiling. These works have been performed quite intensely during the last decade. Nevertheless, the 

obtained results are rather contradictory. For example, in [7] it is noted that adding of nanoparticles 

does not change heat transport considerably, with an even decrease in the heat transfer coefficient 

during boiling been seen in [8]. Conversely, in [9–11], this coefficient rose. 

In this paper an experimental study of saturated boiling of nanofluids on cylindrical heaters micro 

sizes. The aim of this study was to study the effect of nanoparticles on critical heat flux (CHF) during 

boiling. And also study the effect of the size of the heater. As the heater used nichrome wire of 

various diameters. Heater diameter ranged from 100 microns to 300 microns. 

 
2 Experimental apparatus and procedure 

In this work, the effect of nanoparticles on critical density of heat flow during boiling was studied. 

Studies of thermophysical properties of nanofluids have shown that they generally depend not only on 

the volume concentration of particles, but also on their sizes [3, 12, 13]. Therefore, in this work, 

nanofluids with considerably different nanoparticle sizes were considered. In all cases, the carrying 

liquid was distilled water and diamond nanoparticles, iron oxide (III) and SiO2 nanoparticles with 

volume concentration from 0.05 to 1% were used. To prepare nanoparticles, a standard two stage 

process  was  used.  After  adding  some  quantity  of  the  nanopowder  to  water,  a  vessel  with  the 
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nanoliquid was put for half an hour in a UZDNA - ultrasonic disperser to decompose nanoparticle 

aggregates. All particle sizes given in the paper this is the sizes of conglomerates. Measurement of 

conglomerates distribution in the fluid in terms of their size was carried out by means of the CPS Disk 

Centrifuge DC24000. The particle size measurement carried out in the liquid. Therefore, the size of 

the conglomerates are taken into account automatically. 

The scheme of the experimental setup scheme was described in [14-15]. The studied liquid was 

placed in a sealed glass flask 8 cm in diameter. The liquid volume in the flask was 300 mL. A 

nichrome wire with diameter d = 100, 200, 300 micron, length L = 34 mm fixed by copper cables was 

put as a heater in the vessel with the liquid. The flask with the studied liquid was sealed; therefore, the 

formed condensate dropped into the flask, thus sustaining saturation conditions in the working 

chamber. To control the liquid temperature in the flask, a chromel–copel thermocouple was used, 

which was connected to TMP200 temperature potentiometer . The end of the thermocouple was 

leveled with the nichrome heater at 2 cm distance from it. The reservoir with the studied liquid was 

placed into water bath in which, with the help of electric heater, a constant temperature was 

maintained, which was about 0.5° lower than the boiling temperature. 

 
3 Results and discussion 

The critical heat load of the nanofluids changes considerably with an increase in the volume 

concentration of nanoparticles. The dependence of relative thermal load q/qw (qw is the critical density 

of the heat flow for water) on the volume concentration of nanoparticles is shown in Fig. 1a. The here 
displayed values of heat flow critical density were obtained by averaging over five independent 

experiments. The critical density of heat for water was qw = 1.32 MW/m2. 
 

 
 

Figure 1. The dependence of critical heat flux density on the concentrations for different materials of 

nanoparticles (a), and for different diameter (b) of nichrome heater. 

Analysis of heat flux density behavior during boiling of nanofluids shows that the use of 

nanoparticles brings about a considerable increase in the critical thermal load. Especially for 

nanoparticle SiO2. As early as at a volume particle concentration of 0.25%, the critical density of the 

heat flux increases by more than 100% and continues to rise with further increase in the concentration 

of nanoparticles. Hence, use of nanofluids can significantly increase the value of the thermal load as 

compared to a conventional heat carrier and, consequently, this can increase the energy efficiency of 

setups in which the main process is boiling. 

It was further investigated the influence of the diameter of the heater on the value of the critical 

heat flux at the boiling. These studies were conducted for SiO2 nanofluids, because it showed the best 

results in the previous experiments (see Fig.1b). For these studies, a series of experiments with 

different diameters of the heaters was performed. As a heater used nichrome wire diameter 100, 200, 

300 microns. The results of these measurements are shown in Fig.1b. It is seen that with decreasing 

diameter of the heater ratio increases dramatically for all concentrations. 
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Also we investigated the influence of the diameter of the nanoparticle on the value of the critical 

heat flux at the boiling. These studies were conducted for SiO2 nanofluids and heater diameter 200 

microns. The particle diameters ranged from 25 nm to 100 nm. The results of these measurements are 

shown in Figure 2. It is evident that with decreasing particle diameter ratio is reduced. We think that 

this is due to the deposition of particles on the wall heater. During deposition of particles on the 

surface of the formed roughened surface (see Fig.3). With increase of the particle diameter size of the 

heater surface roughness increases. It is known that rougher surfaces of the heat flux density higher 

than smooth. 
 

 

Figure 2. The dependence of heat flux density on the nanoparticles diameters (a) 
 

 

Figure 3. SEM images of nichrome wire surface after boiling for 0.05% SiO2 concentration. 
 

4 Conclusions 

Boiling characteristics and CHF enhancement according to material, particle size, heater dimensions, 

and concentrations were investigated by pool boiling experiments of nanofluids. CHF is significantly 

enhanced in nanofluids (more than 3 times). CHF is enhanced even at very low concentrations. It is 

shown that there is a strong dependence CHF on the material and size of the nanoparticles. With 

increasing of the particle diameter the CHF increases. This is due to the dimensions of the roughness 

formed during the deposition of the particles. As the size of the heater flow is reduced. This is due to 

the influence of microflows around roughen the surface of the heater. It can assume that the surface 

particle interaction between the nanoparticles and the heating surface is the factor that causes an 

appreciable increase or decrease in CHF, more than what can be accounted for by the fluid property 

variation. 
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