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Abstract:  
 
The thermo-physical properties of water-based nanofluids containing carbon nanotubes, 

stabilized by SDBS as surfactant, are experimentally studied. The effect of low nanoparticle 

volume fraction, ranging from 0.0055% to 0.278%, on density, thermal conductivity and 

viscosity of nanofluids is investigated for temperature range of 20°C to 40°C. Enhancement in 

density, thermal conductivity and viscosity of nanofluids with volume fraction in nanotubes is 

shown in comparison to base fluids and modelled from simple theoretical relationships. The 

influence of temperature on the thermo-physical properties of tested nanofluids is also 

discussed, as well as the shear rate dependence on the nanofluids viscosity. Finally, the 

efficiency of the tested nanofluids as cooling fluids is evaluated under laminar and turbulent 

flows regimes from the thermo-physical values previously determined. This may be helpful 

for using these nanofluids in real cooling systems. 
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Nomenclature 
 
L length of nanotubes 

d average diameter of nanotubes 

r aspect ratio of nanotube, with r = L/d 

ρ density, kg/m3 

k thermal conductivity, W/m.K 

µ viscosity, Pa.s  

Cp specific heat, J/kg.K 

φ nanoparticle volume fraction 

Ck thermal conductivity enhancement coefficient 

Cµ viscosity enhancement coefficient 

 

Subscripts 

bf base fluid 

nf nanofluid 

np nanoparticle 

s surfactant 

 
1. Introduction 
 
In industrial, transport and building sectors, heat transport through engineered heating or 

cooling systems is used. Thus, there is a need to achieve compact systems, energy saving and 

therefore less generators of greenhouse gases. So, new strategies for industrial world have to 

be developed to improve the thermal behavior of fluids used in heat exchangers.  

It is now well established that the thermal performances of conventional working fluids in 

heat exchangers, such as water, ethylene glycol, oil, etc, can be enhanced by introducing 

nanoparticles with high thermal properties in low volume fraction within these fluids, leading 

to the concept of “nanofluids”. Some applications of nanofluids and their ability to enhance 

the heat transfer have been previously reported [1-6]. Although the concept of nanofluids 

appears straightforward, it contains a high complexity due to physical mechanisms involved. 

Thus, many researches have been devoted to provide a better understanding of these 
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mechanisms, and thereby developed a best performing heat transfer fluids [7-9]. Many 

research groups experimentally reported that the thermal properties of carbon nanotubes CNT 

suspensions are much higher than those of other nanoparticles with the same volume fraction 

[10-12]. In fact, among many materials of nanoparticles, carbon is very promising due to their 

high thermal, electrical and mechanical properties. A carbon nanotube can be composed of a 

single-wall (SWCNT) or winding multi-wall (MWCNT). The double-walled nanotubes 

(DWCNT) are a particular case between SWCNT and MWCNT. They are generally 

functionalized to improve their solubility and stabilized by a surfactant within the base fluid 

to prevent agglomeration and sedimentation [13,14].  

The addition of CNT improves the thermal conductivity of nanofluids but it can also increase 

the dynamic viscosity and affect the density and the heat capacity. This shows that these 

properties are closely correlated. In fact, a significant increase in viscosity can lead to a 

significant pressure drop which can reduce the practical benefits of nanofluids in some 

industrial applications [15,16].  

Several studies have been reported on the thermo-physical properties of CNT based 

nanofluids and show a considerable effect compared to the base fluid, as reviewed by Philip 

and Shima [17]. This enhancement is mainly governed by the volume fraction in nanotubes 

and the temperature. Ding et al. [18] found that thermal conductivity of CNT based nanofluid 

increases significantly with the temperature by 15% at 20°C, 30% at 25°C and by 79% at 

40°C at the same volume fraction. Meng et al. [19] showed that the relative thermal 

conductivity of CNT based nanofluid is independent of temperature for temperature range 

from 15 to 55°C. These results are consistent with those found by Yu et al. [20] and Chen et 

al. [21]. The effect of surfactant, aspect ratio of nanotubes, and the presence of nanoclusters 

on thermal conductivity of CNT nanofluids were also investigated by [22-27]. 

The viscosity of CNT nanofluids was studied in [25-33]. These authors mainly reported a 

shear thinning behaviour of these nanofluids which depends on the volume fraction of 

nanotubes, the aspect ratio of nanotubes, dispersion state of nanotubes, the presence and type 

of surfactant and the temperature. The shear thinning behaviour of CNT nanofluids is also 

linked to pre-treatments applied to the nanofluids before the measurement such as ultra-

sonication [26,27] and preshear [32]. Newtonian behavior for MWCNTs dispersed in silicone 

oil, glycerol and water was reported by Chen et al. [34] for all concentrations and 

temperatures tested. 
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The density and specific heat of CNT nanofluids are rarely investigated from experiments. 

However, these properties are included in the energy equation, and need to be determined in a 

rigorous way. The addition of CNTs usually results in an increase of density and a relative 

decrease of the specific heat of nanofluid due to the lower specific heat of CNTs compared to 

the base fluid. The density of nanofluids is often evaluated from the theoretical prediction of 

mixing theory [35]. With specific heat, the assumption of thermal equilibrium between the 

particles and the base fluid is generally assumed [36]. 

Kumaresan and Velraj [37] have measured experimentally the density of MWCNT dispersed 

in a mixture of water and ethylene glycol. According to their results, the density of the 

nanofluid increases with the volume fraction of particles, and the deviation between the 

mixing theory and experimental measurements is about 0.4% for the volume fraction of 

0.15%, 0.9% for 0.3% and 1% for 0.45%. Pakdamana et al. [38] found a maximum deviation 

between the mixing theory and experimental measurements of aqueous MWCNT based 

nanofluids about 1% for 0.4% mass fraction. They also observed the decrease of specific heat 

about 42% due to the addition of MWCNT. Kumaresan and Velraj [37] have shown 

experimentally that the mixing theory [35] allows reproducing their experimental results with 

a relative error about 8% for a volume fraction of 0.15 % and about 3% for 0.45% 

As reported above, the addition of CNT to the base fluid can affect significantly the thermo 

physical properties. Consequently, it is necessary to envisage a global approach of thermo-

physical properties of nanofluids to evaluate best performing heat transfer with these fluids. 

Hence, we investigated in this paper the effect of low nanoparticle volume fraction and 

temperature on the thermo-physical properties for water-based nanofluids containing CNT 

stabilized by SDBS as surfactant. First, we present the nanofluids used in this study as well as 

the experiments performed to measure the density, the thermal conductivity and the viscosity 

of nanofluids. Then, experimental results are presented and discussed. Based on the thermo-

physical values previously determined, the efficiency of the tested nanofluids as coolants was 

finally evaluated under laminar and turbulent flow regimes to assess the performance of the 

tested nanofluids in energy systems and heat exchangers. 
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2. Materials and experimental methods 
 
2.1 Nanofluids 
 
As reported in [33], a starting CNT water-based suspension was provided by Nanocyl 

(Belgium). According to Nanocyl’s specification, this suspension consists of MWCNTs 

(carbon purity 90%) dispersed from ultrasonication in de-ionized water and stabilized by 

sodium dodecyl benzene sulfonate (SDBS) as surfactant. The dimensions of the nanotubes are 

1.5 µm in average length L and 9.2 nm in average diameter d respectively. This leads to an 

average aspect ratio r=L/d≈163. The density of the nanotubes is 1800 kg/m3. The weight 

fraction in nanotubes of the starting suspension is 1%. This leads to a volume fraction of 

0.55%. The quantity of surfactant in the starting suspension represents 2% of the total weight 

of the nanosuspension. The base fluid, defined as a mixture of de-ionized water and SDBS, 

was also independently prepared and provided by Nanocyl.  

Four different nanofluid samples were prepared with the volume fraction of 0.278, 0.111, 

0.055 and 0.00555% respectively. For these nanofluids, SDBS/CNT weight ratio still remains 

constant to 2. They were obtained from the dilution with de-ionized water of the starting 

suspension, followed by continuously mechanical stirring for 30 min. Mechanical stirring was 

also repeated 24 h later for 30 min. Then, the nanofluids were stored in a container at ambient 

temperature before being used for experimental measurements. The initial base fluid was also 

diluted to produce the base fluids corresponding to the different nanofluids previously 

prepared. It is worth noting that we selected low volume fraction of CNTs to reduce the 

viscosity of nanofluids, as the addition of nanoparticles can penalize the practical use of 

nanofluids in heat exchangers due to flow resistance and increase in pumping power. 

 

2.2 Experiments 

 

The thermo physical properties of the tested nanofluids were evaluated in this work for three 

operating temperatures 20, 30 and 40°C. The density, the thermal conductivity and the 

viscosity of the fluids were experimentally measured following the procedures described in 

the following.  

The density measurements of nanofluids were performed with an Anton PAAR DMA 

vibrating tube densimeter connected to cell 602. Each measurement was performed in five 
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replicates. The densimeter contains a vibrating glass tube which can be excited harmonically 

by an electronic vibration circuit. This electronic vibration circuit activates and sustains a 

continuous vibration to the tube with natural frequency. The principle of the vibrating-tube 

densimeter relies on a fixed relation between the natural frequency of the vibrating-tube and 

the density of fluid contained in the tube.  The frequency of the oscillation is affected by the 

mass of the oscillator, and therefore the density of the sample. The temperature in the cell is 

stabilized by a cryothermostat able to ensure accuracy up to 0.01K. The calibration of the 

densimeter was preliminary performed using pure water and dry air. This leads to a precision 

measurement about 1.10-5g/cm3. 

The density of SDBS in powder form was independently measured from the pycnometer 

method for the three operating temperatures, using a 100 ml flask, a precision balance and 

distilled water and toluene as liquids. The accuracy of the measurement was controlled from 

the measured density of distilled water and toluene. As example, the density of distilled water 

and toluene at 20°C was evaluated to 1.03 g.cm3 and 0.806 g.cm3. This agrees well with 

theoretical values, with a maximum deviation of 3.5% for distilled water and 0.5% with 

toluene. Moreover, it was observed that the density of SDBS decreases by 1.18 g.cm3 to 1.04 

g.cm3 when the temperature increases by 20°C to 40°C. 

 

The thermal conductivity of nanofluids and base fluids was measured using a KD2 Pro 

thermal property analyzer (Decagon Devices Inc.) based on the transient hot wire. The 

experimental set-up for thermal conductivity measurement was previously used and shown in 

[39]. Both the sample and the probe were maintained 30 min at the working temperature 

before each experiment. Then, an average of over ten measurements was performed to reduce 

the experimental errors. The accuracy and reliability of the measurement were carefully 

checked with distillated water, used as calibration liquid for temperatures range from 20 to 

50°C. The experimental results of water were found to be in quite good agreement with 

literature values of thermal conductivity of this fluid. The standard relative deviation was 

typically less than 3.5%. 

 

As reported in [33], rheological measurements of nanofluid samples were performed using a 

stress controlled rheometer (Malvern Kinexus Pro [40]) in a cone and plate configuration 

under controlled temperature. The radius and the angle of the conical geometry were 60mm 
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and 1° respectively. In all experiments, the nanofluid was carefully loaded between the cone 

and plate geometry to avoid air bubbles, and the excess fluid removed. The temperature 

control is ensured and provided through the Peltier system located below the lower plate, 

which is accurate to within 0.01°C. Thermal clovers were also used to ensure constant 

temperature within the sample gap. The sample was allowed to equilibrate at the working 

temperature for 5 min before starting the viscosity measurement. A new sample was used for 

each measurement and both cone and plate were cleaned between each measurement. Then, 

without any preshear, the viscosity of the nanofluids was measured by imposing a logarithmic 

stress ramp under steady-state conditions with maximum step duration of 180s. Once a 

steady-state flow was achieved and maintained for 10s, the shear rate was measured. As 

reported in our previous works [32,33], the shear stress range was preliminary determined to 

ensure steady-state flow at low shear stress, and to avoid instability due to turbulent flow and 

sample ejection at high shear stress, as well as to reach a shear rate of 1000s-1 for each fluid. 

A suitable expression can be used to know the Reynolds number with cone and plate 

geometry [41]: 

 

2
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Where ρnf is the density of nanofluids (kg/m3), γ&  is the shear rate (in 1/s), µnf is the viscosity 

of nanofluid (in Pa.s), α is the cone angle (in °) and R is the cone and plate diameter (in m). 

As reported thereafter, the values of Reynolds number varies between 2 and 450 following the 

shear rate, the volume fraction and the temperature. This means that rheological 

measurements are well performed under laminar flow regime.  

The experiments were also repeated at least once to both verify the repeatability of the shear 

viscosity measurement and the suspension stability with time. Following the same 

experimental procedure, the viscosity of the base fluids corresponding to the tested nanofluids 

was also measured. The uncertainty in experimental measurement is less than 4% within the 

shear rate range investigated [33]. 

 

3. Results and discussion 



8 

 

3.1 Thermophysical properties of nanofluids: effect of nanoparticle volume fraction and 

temperature 

 

3.1.1. Density  

The measured densities of the nanofluids are presented in figure 1 for the operating 

temperatures of 20, 30 and 40°C respectively and for all tested volume fractions. Moreover, 

the predicted values of nanofluids density obtained from the mixing theoretical correlation 

[35] are presented in figure 1 considering the nanoparticles and the base fluid. A similar 

equation is derived taking also into account the influence of the surfactant, see equation (2).
  

 

( ) ssnpwsnf ρφφρρφφρ ++−−= 1   (2) 

 

Where φ is the volume fraction in nanoparticles and φs is the volume fraction of surfactant. ρnf, 

ρw, ρnp, and ρs denote respectively the density of nanofluid, the density of de-iozined water, 

the density of nanoparticles and the density of the surfactant. 

 

It is shown from figure 1 that, for each tested temperatures, the density of nanofluids is quite 

constant under the experimental uncertainty. As expected, figure 1 also shows that the 

measured density of nanofluids increases as the nanoparticle volume fraction increases for all 

tested operating temperatures. A similar trend is reported for the theoretical correlations 

which closely matched with the experimental data. This infers that mixing theoretical 

correlation can predict the density of tested nanofluids for the volume fraction in 

nanoparticles investigated due to the low content in surfactant. For higher volume fraction in 

nanoparticles and surfactant, it is expected that equation (2) can predict the density of 

nanofluids considering well the base fluid as a mixture of surfactant and de-ionized water. 

 

Based on the previous results, the evolution of the relative density of nanofluids, which is 

defined as that ratio of the nanofluids density to the base fluids density, is presented in figure 

2 as a function of nanoparticles volume fraction. Figure 2 shows that the relative density 

increases quite linearly with increase in tested nanoparticle volume fraction. It can also be 



9 

mentioned that the relative density of nanofluids increases when the temperature increases 

whatever the tested volume fraction in nanoparticles.  

 

3.1.2. Thermal conductivity  

 

Figure 3 reports the thermal conductivity enhancement of nanofluids in comparison with base 

fluids at the tested volume fractions and temperatures. The thermal conductivity enhancement 

is defined as knf/kbf where kbf is the thermal conductivity of the base fluid and knf is the 

thermal conductivity of the nanofluid.  

Figure 3 shows that thermal conductivity of nanofluids increases as volume fraction and 

temperature increase. A similar trend was previously reported for a wide class of nanofluids 

[7-9,17]. Within the range of nanoparticle volume fraction presently investigated, the linear 

dependence of thermal conductivity enhancement of nanofluids can be simply related to 

nanoparticle volume fraction by the following empirical-model [42,43].  

 

φkbfnf Ckk +≈ 1  (3) 

 

Where Ck is thermal conductivity enhancement coefficient.   

Ck is here evaluated to 41, 70 and 85 at 20°C, 30°C and 40°C respectively.  

 

3.1.3. Viscosity  

The main results of viscosity measurement were reported in a previous work [33]. In short, it 

was shown that the nanofluids with particle concentration of 0.278 and 0.111% behave as 

shear thinning fluids. The shear thinning behavior is attributed to the alignment of structural 

network of nanotubes at the initiation of shear, resulting afterwards in less viscous force. The 

values of apparent viscosity decrease with the shear rate and the volume fraction in 

nanoparticles. The shear-thinning region is up to 200s-1; for higher shear rate, the viscosity 

tends to a Newtonian plateau. 

For lower particle content of 0.055 and 0.0055%, the nanofluids behave in Newtonian manner 

as the apparent viscosity is quite constant within the shear rate range investigated. It is worth 

noting that the viscosity of nanofluids with particle content of 0.055 and 0.0055% is close to 
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the viscosity of base fluid. As an example, we report in figure 4 the apparent viscosity of 

nanofluids at 30°C. This figure evidences the previous comments. It was also reported in [33] 

that the base fluids behave as Newtonian fluids for the presently tested nanofluids.  

Due to shear-thinning behavior of some nanofluids, the evolution of relative viscosity of 

nanofluids defined as the ratio of the nanofluid viscosity to the viscosity of the base fluid is 

here investigated at different shear rate values and for all tested temperatures. So, we have 

considered a low shear rate value of 20s-1, an intermediate shear rate of 200s-1 which 

corresponds to the transition between shear-thinning and Newtonian behavior of some 

nanofluids and the maximum shear rate of 1000s-1 where a Newtonian plateau is achieved.  

As the relative viscosity of the tested nanofluids is independent of temperature under the 

experimental uncertainty [33], an average value of relative viscosity of nanofluids is here 

considered for the three operating temperatures. It is worth nothing that the relative viscosity 

is temperature independent whatever the shear rate value considered. 

The evolution of relative viscosity of nanofluids in function of shear rate and volume fraction 

is detailed in figure 5. It shows that the viscosity enhancement due to the presence of 

nanotubes is significant for volume fraction in nanotubes higher than 0.055% and that the 

evolution of the relative viscosity is quite linear within the tested volume fraction in 

nanoparticles, in particular too from a volume fraction higher than 0.055%. It is also observed 

from figure 5 the influence of shear-thinning behavior of nanofluids, as the enhancement of 

relative viscosity of nanofluids decrease when the shear rate increases. 

A similar empirical model to thermal conductivity enhancement of nanofluids can also be 

used to predict the relative viscosity enhancement of nanofluids independently of shape and 

dispersion state of nanoparticles [42,43]. It writes as follows 

 

φµµ µCbfnf +≈ 1  (4) 

 

Where Cµ is viscosity enhancement coefficient, which is here independent on temperature. µbf 

is the viscosity of the base fluid and µnf is the viscosity of the nanofluid. From equation (4) 

and figure 5, Cµ is here evaluated to 550, 330 and 260 for low shear rate of 20s-1, intermediate 

shear rate of 200s-1 and maximum shear rate of 1000s-1 respectively. 
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According to equation (1), we have also calculated the Reynolds number corresponding to the 

different shear rates, particle contents and temperatures investigated. These values are 

reported in Table 1. Because of the rheological properties of the nanofluids, it is observed 

from Table 1 that the Reynolds number within the cone and plate geometry increases with 

temperature and shear rate. These values are also enhanced when the volume content in 

nanoparticles decreases. Table 1 also shows that rheological measurements are performed 

under laminar flow regime as the maximum Reynolds number is less than 450. 

Based on the previous results, the efficiency of the studied nanofluids as coolants is 

investigated in the following considering the effect of temperature and particle volume 

fraction, as well as the flow regime. 

 

3.2 Efficiency of nanofluids in laminar regime 

 

According to literature [42,43], the use of nanofluids as coolants under laminar flow is 

beneficial when equation (4) is satisfied. 

 

4<kCCµ  (5) 

 

For the tested nanofluids, the ratio defined by equation (5) can be calculated from the 

experimental results reported above. The obtained values are detailed in Table 2 considering 

the effect of shear rate on the rheological behavior of nanofluids. It is observed from Table 2 

that the ratio of viscosity enhancement coefficient to thermal conductivity enhancement 

coefficient is higher than 4 at 20°C whatever the shear rate. This means that at this 

temperature, the thermal conductivity enhancement is penalized by the viscosity enhancement 

of the nanofluids, which can increase the pumping power and the pressure drop of these 

nanofluids in energy systems. When the temperature is increased, Table 2 shows that the 

nanofluids become efficient in laminar regime for high shear rate at 30°C i.e. for Reynolds 

number ranging from 180 to 330. At 40°C, the efficiency of nanofluids is extended to lower 

shear rate of 200s-1. This corresponds to Reynolds number ranging from 40 to 450.  

 

 



12 

3.3 Efficiency of nanofluids in turbulent regime 

 

Under turbulent flow regime, the heat transfer rate of nanofluids depends on the whole of 

thermophysical properties of the fluid, and can be evaluated from the Mouromtseff number, 

Mo [43]. This number is defined by equation 6. Higher the Mouromtseff number, better the 

potential of the nanofluid as coolant. 

 

47.0

33.067.08.0

0 µ
ρ pCk

M =  (6) 

 

Where ρ, k, Cp, and µ, are respectively the density (in kg/m3), thermal conductivity (in 

W/m.K), specific heat (in J/kg.K) and viscosity (in Pa.s) of the nanofluid. As the rheological 

measurements have been performed in laminar regime, we have considered the viscosity 

value of nanofluids within the Newtonian plateau in equation (6). 

 

The heat capacity of the fluids was here evaluated from the available theoretical correlation 

proposed in [36], and described by the equation (7). For this purpose, it is here assumed that 

SDBS poorly contributes to the heat capacity of nanofluids to be neglected because of the low 

content in SDBS within the nanofluids. In addition, we have shown above that the density of 

the nanofluid is not influenced by the presence of surfactant for the tested volume fractions. 

 

( ) ( )( )
( ) bfnp

bfpnpp

nfp

CC
C

ρφφρ

ρφρφ

−+

−+
=

1

1
,  (7) 

 

Figure 6 shows the specific heat of the nanofluids evaluated from equation (7) for the tested 

volume fractions and temperatures. Figure 6 indicates a very low decrease of the heat capacity 

of nanofluids when the volume fraction increases. In addition, the values of figure 6 illustrate 

a slight effect of temperature. At 30 and 40°C, the heat capacity of nanofluids is quite 

identical. The heat capacity of nanofluids seems to be higher at 20°C.  
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From the previous experimental data and both equations (6) and (7), the Mouromtseff number 

of base fluids and nanofluids was calculated for the tested volume fractions and temperatures. 

This allows us to evaluate enhancement of Mouromtseff number defined as the ratio of 

Mouromtseff number of nanofluids to Mouromtseff number of base fluids. It is reported in 

figure 7. In comparison with laminar regime, the thermal performances of nanofluids in 

turbulent regime are dependent on both temperature and volume fraction of nanoparticles. 

Efficiency of nanofluids at 20°C is only evidenced for the lower volume fraction tested. When 

the temperature increases to 30°C, the efficiency of nanofluids is extended to 0.055% in 

volume fraction. At 40°C, the nanofluids are efficient for volume fractions ranging from 

0.0055% to 0.111%. It is finally observed that the best performance in turbulent regime is 

obtained at 40°C for the nanofluid at lower volume fraction.  

 

4. Conclusions 

In this study, we experimentally investigated  the thermo-physical properties of water-based 

nanofluids containing carbon nanotubes (CNT) and stabilized by SDBS as surfactant. The 

influence of particles concentration – from 0.0055% to 0.278% - and temperature – from 

20°C to 40°C - on the density, thermal conductivity and viscosity of the nanofluids were 

presented and discussed. Based on these experimental results, the following conclusions may 

be drawn for the tested nanofluids:  

- The density is independent of temperature and increases with particle volume fraction. A 

similar trend is reported for the relative density. 

- The relative thermal conductivity increases with nanoparticle volume fraction and 

temperature.  

- The relative viscosity of nanofluids is affected by both the increase in nanoparticle volume 

fraction and shear rate. 

Based on the proper determination of these properties, the efficiency of the nanofluids as 

coolants was evaluated in both laminar and turbulent flow regimes. It was demonstrated that 

the nanofluids investigated in this paper can be beneficial in energy systems and heat 

exchangers involving fluid flow following the temperature of the set-up, the volume fraction 

in nanoparticles and the flow regimes. 
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- In laminar regime, the nanofluids become efficient at 30°C and for Reynold numbers 

ranging from 180 to 330. Increasing the temperature to 40°C, the efficiency of nanofluids is 

increased to higher range of Reynold numbers.  

- In turbulent regime, the efficiency of the nanofluids is dependant to both the decrease in 

particle volume fraction and the increase in temperature.  
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Figure Captions 
 
 
Figure 1. Density of nanofluids in function of nanoparticle volume fraction 
 
Figure 2. Density enhancement of nanofluids in function of nanoparticle volume fraction and 
temperature 
 
Figure 3. Thermal conductivity enhancement of nanofluids in function of nanoparticle volume 
fraction and temperature 
 
Figure 4. Apparent shear viscosity of nanofluids at 30°C 
 
Figure 5. Viscosity enhancement of nanofluids in function of nanoparticle volume fraction 
and shear rate 
 
Figure 6. Specific heat of the nanofluids in function of nanoparticle volume fraction and 
temperature 
 
Figure 7. Enhancement of Mouromtseff number of the nanofluids in function of nanoparticle 
volume fraction and temperature 
 
 
 
Table Captions 

 
 
Table 1. Reynolds number within the cone and plate geometry for the studied nanofluids: 
Influence of shear rate, particle content and temperature 
 
 
Table 2. Ratio of viscosity enhancement coefficient to thermal conductivity enhancement 
coefficient in function of temperature.  
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Figure 1. Density of nanofluids in function of nanoparticle volume fraction 
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Figure 2. Density enhancement of nanofluids in function of nanoparticle volume fraction and 
temperature 
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Table 1. Reynolds number within the cone and plate geometry for the studied nanofluids: 
Influence of shear rate, particle content and temperature 
 
Volume fraction (%) 

 
0.278 0.111 0.055 0.0055 

Temperature (°C) 
 

20 30 40 20 30 40 20 30 40 20 30 40 

Shear rate of 20 s-1 

 
2 2.5 3.2 3 5 6.5 5 7 8 5 7 9 

Shear rate of 200 s-1 

 
26 30 40 32 59 74 50 70 85 57 70 86 

Shear rate of 1000 s-1 140 180 230 170 326 400 260 290 430 275 330 450 
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Table 2. Ratio of viscosity enhancement coefficient to thermal conductivity enhancement 
coefficient in function of shear rate and temperature 

 
Temperature (°C) 20 30 40 

Cµ/Ck at 20s-1 13.4 7.85 6.5 
Cµ/Ck at 200s-1 8 4.71 3.88 
Cµ/Ck at 1000s-1 6.34 3.71 3.05 

 


