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ABSTRACT 
 

In this paper, experiments investigating the evaporation 

of gold nanofluid droplets to evaluate the effect of the 

particle size (5 and 10 nm) and concentrations (1 and 4% 

Cv), were executed on a hydrophobic silicon substrate at 

different surface temperature (amb, 60 and 80 °C). A drop 

shape analyzer was utilized to record the evaporation 

process for the profile used under the same conditions (50% 

humidity, Tatm=25 °C). Also, an infrared camera is used to 

observe the droplet surface gradient temperature, air/liquid, 

at the same time. The analysis focus on the influence of size 

and concentration of nanoparticles on the evaporation rate 

compared to the base fluid (distiled water). In addition, the 

effect of gradient surface temperature instabilities due to 

Marongoni cells on the dynamic deposition of nanoparticles 

at the surface is examined [1]. 
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1 INTRODUCTION 
 

In recent years, nanofluids have received a great deal of 

attention because of their potential use in many 

applications. Nanofluids represent a new and innovative 

class of heat transfer fluids that can be used in a variety of 

fields, including engine cooling, heat exchangers, 

microelectronics, fuel cells and so on [2,3]. To clarify our 

research in improving heat transfer using nanofluids and 

before design any thermal system in which nanofluid is the 

working fluid, it is necessary to know their thermophysical 

properties including thermal conductivity [4,5], viscosity 

[6], density and heat capacity in addition to their stability. 

In order to enhance the thermal conductivity of common 

fluids, nanoparticles made of metal, oxides or carbon 

nanotubes are dispersed in water or other base fluid to make 

nanofluid. Gold nanoparticles with different sizes, 5 and 10 

nm, are used as nanofluid in our experiments to show the 

size effect of nanoparticles on the efficiency of heat transfer 

in addition to their concentrations change. Different 

methods can be used to measure the thermal conductivity of 

gold nanoparticles, experimentally like transient hot wire 

method [7] and using some empirical models [8,9]. Thermal 

conductivity can be affected by different parameters: 

particle volume fraction, temperature, particle size, pH. 

Natallia Shalkevich et al. measured the thermal 

conductivity of different gold nanoparticles at different 

particle size and volume fraction [7]. Despite the 

importance of thermal conductivity in heat transfer, it 

should also take into account some other parameters such as 

viscosity because of its effect on the evaporation rate [10]. 

In this experiment, sessile droplets of pure water, (1 and 4% 

Cv) 5 nm Au-water based nanofluid  and (1 and 4% Cv) 10 

nm Au-water based nanofluid are tested at different 

substrate temperatures and the dynamic evaporation are 

investigated thanks to a combination of optical and infrared 

techniques.  

 

2 EXPERIMENTAL SETUP 
 

In this work, the studied nanofluid consists of gold (Au) 

nanoparticles, stabilized suspension in 0.1mM PBS reactant 

free, solved in distilled water. Thus, two different sizes, 5 

and 10 nm, are used to study the effect of nanoparticle size 

on droplet evaporation. Moreover, the effect of 

concentration (1 and 4%Cv) on the evaporation process has 

been done. The Au-water sessile droplets are formed by an 

automatic dosing system which can control the volume of 

droplet as well as dosing speed, and deposited on the silicon 

substrate where a resistance wire is connected to electrical 

controller (see Fig. 1). The substrate and heater are placed 

in a vapor chamber, in which the ambient temperature and 

the relative humidity can be controlled. A side view CDD 

camera (Allied Vision Technologies, 780x580 pixels) is 

used to record the evaporation process of the droplets. A 

Kruss® Drop Shape Analyzer is used to measure the 

contact angle, volume, diameter and the height of sessile 

droplets during evaporation by the analysis of droplets 

profile. The top of the vapor chamber has a sapphire 

window for the infrared camera and a hole for passing the 

syringe. The infrared camera (FLIR X6580SC) is installed 

on the top to observe the temperature distribution on the 

surface of the droplets. 
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The evaporation of a 1.5 μl droplet is carried out at an 
ambient temperature of 20 °C and a relative humidity of 50 

%. The substrate temperature varies from ambient to 80 °C 

to investigate its influence on the evaporation rate. 

 

 
Figure 1: Schema of the experimental setup 

 

3 EXPERIMENTAL RESULTS 
 

The optical and infrared techniques are applied to 

investigate the dynamic evaporation of droplets of gold 

(Au) nanofluid. Two different sizes (5 and 10 nm) 

compared to base fluid (pure water). The CCD records the 

evaporation process and then the software Kruss Drop 

Shape Analyzer analyzes the profile of droplets and the 

evolution of droplets, contact angle, volume and diameter, 

are accessible. Moreover, the infrared camera records the 

evaporation process at the top view and provides the 

gradient temperature distribution on the surface of the 

droplets. 

 

Based on the measurements of each frame of videos 

recorded by CCD camera, the evolution of volume (V2/3) as 

a function of time is presented in Fig. 2. 

 

 

Firstly, we observed that the evolution of diameter and 

contact angle are the same for all droplets (gold and pure 

water droplets at different surfaces temperature). The 

evolution of volume have the same trend for the droplets of 

both liquids. The test were executed on different substrates 

temperature with no change or influence on the evolution 

mode of the contact angle, volume and diameter. So, 

substrate temperature plays an important role in 

determining the time when the droplet evaporates totally. 

At ambient temperature, the droplet lifetime of pure water 

was a little lower than that of Au-water nanofluids for both 

diameter (5 and 10 nm). At 60 °C surface temperature, the 

evaporation of 5nm Au-water nanofluid droplet with 1 and 

4% Cv was faster than that of water droplet with the same 

volume and conditions. As the surface temperature 

increased to 80 °C, the evaporation rate of the 5 nm Au-

water nanofluid (1 and 4% Cv) was higher than the water 

evaporation (Table 1). For all surface temperature, the 

increase in the concentration led to decrease in the 

evaporation rate of the droplet was still higher than pure 

water evaporation rate.  

 

Same measurements were done with the 10 nm gold 

nanoparticle at same surface temperatures.  The evaporation 

of 10 nm Au-water nanofluid droplets was higher than pure 

water with very small percentage (3~4 %) with the two 

concentrations and at two surface temperatures (Table. 1). 

 

Substrate 

temperature 

°C 

Enhanement of total evaporation rate, 

%  

5 nm 10nm 

1% 4% 1% 4% 

20 -9% -10% -18% -20% 

60 +17% +13% +3% +7% 

80 +40% +16% -8% +4% 

 

Table 1: Total evaporation rate with addition of gold 

nanoparticles having different diameters, 5 and 10 nm, at 

different volume fractions, relative error ≈±4%.

 

 

 
(a) 
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(b) 

 
(c) 

 
Figure 2: Evolutions of the volume for water and gold nanofluid (different concentrations )under different substrate 

temperature conditions (a) at ambient, (b) 60 °C and (c) 80 °C versus time. 

 

The faster evaporation process with the smaller size in 

nanoparticle (5 nm) can be linked to different reasons.  The 

effective surface area of 5 nm Au-water is greater than the 

10 nm Au-water droplet by a factor 2, which means 

increase in reactivity. Nevertheless, the decrease in the 

evaporation rate after the increasing in the concentration is 

due to the viscosity effect specially at the end of the 

evaporation process. Table. 3 shows the increase in 

viscosity as an increase in the volume fraction. Thus, the 

viscosity of 10 nm gold nanoparticles was less than that of 

5 nm in size and both values are not higher than water 

viscosity.  These values were calculated by applying the 

model of Corcione [11]. Furthermore, infrared camera 

images made it possible to detect the convection cells (see 

Fig. 2), due to the Marangoni effect, that appeared at the 

droplet surface.  

 

These convection cells increase the vapor mass transfer 

at the liquid-air interfaces and induce faster evaporation 

rate. So, the convection cells lifetime, (Table 2), for the 5 

nm Au-water has a longer period compared to the 10 nm 

and pure water. This means that convection flows 

(Marangoni cells) increases the evaporation [12]. 

 

 

 

 

 

 

 Latent heat here also add another reason explaining the 

higer evaporation with smaller size gold nanoparticles. The 

higher evaporation rate (K) of (5 nm) Au-water droplet 

means less latent heat compared to the pure and 10 nm 

sessile droplet [13]. 

 

 This relation was proved by D2-law [14], Eq. 1. 

Moreover, latent heat will affect the strength of bond 

between gold nanoparticles and water molecules. As a 

results, less latent heat (in 5 nm Au-water) makes the 

strenght of these bonds very weak and break easily 

(evaporate rapidly) compared to the case with 10 nm Au-

water nanofluid.  

 

 
 (a) 
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(b) 

 

 
(c) 

Figure 3: Snapshots from an infrared video of the 

evaporation process of (a) pure water (b) 10 nm Au-water 

and (c) 5 nm Au-water nanofluids at 50 % relative humidity 

and 60 °C surface temperature, 1%Cv. 

 

Fluids/medium 
Convection cells lifetime 

(sec) 

Water 9 

10 nm Au-water,1% Cv 30 

5 nm Au-water, 1% Cv 46 

 

Table 2: Lifetime of the convection cells at 60 °C substrate 

temperature of pure water, 5 nm Au-water and 10 nm Au-

water nanofluids. 

 

         K∝ 1/hfg                          hfg= Qin/mvapor                       (1)

  
 

Therefore, the smaller size of gold nanoparticles gave us 

a very good results related to the heat transfer due to the 

increase in the thermal conductivity (see Table 4), were 

calculated by applying the model of Leong at al. [8] Eq. 2 

and the creation of Marangoni cells. Moreover, as the size 

of nanoparticles with diameter less than 10 nm led to 

increase of the of effective atoms number at the surface of  

 
 

gold nanoparticles whereas, for larger size of nanoparticles 

(from 10 nm and more) the percentage of atom on the 

surface is very small because most of the atoms inside the 

particles [12].  

 

Substrate 

temperature 

° C 

Viscosity, µ (mPa.s) 

Water 
10 nm 5 nm 

1% 4% 1% 4% 

20 1.001 1.06 1.31 1.07 1.42 

60 0.466 0.494 0.612 0.501 0.660 

80 0.354 0.375 0.465 0.380 0.502 

 

Table 3: Dynamic viscosity of water and gold nanofluids as 

a function of volume concentrations and at different 

substrate temperatures. 

 

Substrate 

temperature 

° C 

Thermal conductivity, k (W.m-1.K-1) 

Water 
10 nm 5 nm 

1% 4% 1% 4% 

20 0.598 0.644 0.789 0.662 0.864 

60 0.651 0.701 0.859 0.721 0.941 

80 0.677 0.718 0.880 0.738 0.964 

 

Table 4: Thermal conductivity of water and gold nanofluids 

as a function of volume concentrations and at different 

substrate temperatures. 

 

4 CONCLUSION 
 

In this paper, a series of experiments were carried out to 

evaluate the effect of the nanoparticles size and 

concentration on the evaporation rate and thermal 

conductivity of gold nanofuids. We synthesized spherical 

gold nanoparticles of different size (5 and 10 nm) stabilized 

suspension in 0.1M PBS, reactant free, at two different 

volume fractions (1% , 4%). The results showed that the 

decrease of the particles size led to enhance in thermal 

conductivity (model). At the same time, the evaporation 

rate of nanofluid with 5 nm gold nanoparticles had the 

highest enchancment as the surface temperature increased 

while a decrease in the rate was observed after increasing 

the volume fraction (4% Cv) and this decrease can be 

related to the viscosity effect. Also, the viscosity of both 5 

and 10 nm gold nanoparticles are not much high than pure 

water. The opposite situation was observed when we used 

10 nm gold nanoparticles. The heat transfer enhancement 

was very low (4~5 % evaporation rate) even at higher 

surface temperature. The variations between these two 

different sizes were due to different reasons. The total 

effective surface area in 5 nm Au-water nanofluid was 

higher than that of 10 nm Au-water nanofluid by factor 2. 

Furthermore, convection cells due to Marangoni effect have 

been detected by an infrared camera focused at droplet 

surface. The results showed that the lifetime of these 

convection cells at 5 nm Au-water droplets was longer than 

that of 10 nm Au-water drops and pure water too. Finally, 

droplet evaporation is a complicated process, more factors, 

for example of dynamic viscosity, Marangoni flow, drop 

profile, nanoparticle shape, need to be considered in the 

determination of nanofluid droplet’s evaporation rate.  
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