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ABSTRACT – Water, ethylene glycol and engine oil 

are commonly used in heat exchanger applications as 

coolant. However, these fluids possess low thermal 

conductivity. The advancement in nanotechnology has 

enabled nano-size particles to be included in a base fluid 

and this is known as nanofluids. The aim of this study is 

to investigate the most stable and homogeneous 

nanofluids with different weight percentage that 

produced excellent result in thermal properties and heat 

transfer characteristics. For this study, the usage of 

MWCNT as nanoparticles and deionized water as based 

fluids with surfactant were investigated for their 

stability and thermal properties. Different temperature 

and particle volume concentration were used in this 

study and this will affect the thermal conductivity, 

viscosity and specific heat as well as the heat transfer 

characteristics of nanofluids. As a result, the thermal 

conductivity and specific heat capacity of nanofluids 

were increased when the temperature and particle 

volume concentration increased. Besides that, the 

viscosity of nanofluids seem to decreased when 

temperature was increased but not for its particle 

concentration. 

 

1. INTRODUCTION 

 Nanofluids are a new generation of thermal fluids 

which have particular features that affect their behavior. 

One of these features is response of nanofluids to 

temperature difference. Nanofluids have been found to 

possess enhanced thermophysical properties such as 

thermal conductivity, thermal diffusivity, viscosity and 

convective heat transfer coefficients as compared to 

those of base fluids like oil or water. Owing to their 

enhanced properties as thermal transfer fluids for 

instance, nanofluids can be used in engineering 

applications ranging from use in the automotive 

industry to the medical arena. Besides,  it also being use 

in power plant cooling systems as well as computers. 

Focused on the nanofluids thermal properties, the 

temperature are greatly affected their thermal properties. 

It increasing the thermal conductivity for nanofluid 

when the temperature range increased [1,5]. The results 

suggested the application of nanofluids as coolant for 

devices with high energy density where the cooling 

fluid works at temperature higher than room 

temperature. Besides that, the viscosity of nanofluids 

also increased with increasing MWCNT concentration 

and decreasing temperature [2] meanwhile the specific 

heat of nanofluids decreases with an increase in 

concentration and an increase in temperature [3]. 

 

2. METHODOLOGY 

2.1 Preparation of Nanofluids 

To produce nanofluids, the MWCNT particles 

were used in this study and deionized water (DI) as well 

as polyvinylpyrrolidone (PVP) were used as base fluid 

and surfactant respectively. The nanofluids were 

prepared by dispersing MWCNT nanoparticles and PVP 

in a base fluid. They were mixed together by using a 

homogenizer at a rotational speed of 10000 rpm for 

about 5 minutes. Each of the samples will undergo 30 

minutes of intensive ultrasonication to disperse the 

nanoparticles. This process was conducted by using the 

Elmasonic S30H Ultrasonicator (50-60 kHz frequency 

with 280W of output power). It generates high shear 

forces that break particle agglomerates into single 

dispersed particles. 

 

2.2 Stability Test 

 Each samples need to undergo stability test. As for 

an investigation of the stability characteristics, the 

sedimentation of the nanofluid samples was observed 

for the duration of 100 hours by visual inspection and 

also by using laser shot technique. The stability of the 

nanofluid is generally determined by penetration of the 

laser beam emitted from the semiconductor laser diode 

which will travel through the nanofluid. If the laser light 

can travel through the nanofluid, the samples are 

considered as stable nanofluids. The stable nanofluid 

was then used for further experimentation. The stability 

of nanofluid was affected by the characteristics of 

suspended particle and base fluids such as the particle 

morphology, the chemical structure of the particles and 

base fluid [4,6].  
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2.3   Thermal Properties Test 

 To recognize the thermal properties of the 

nanofluid, several tests need to be conducted such as 

thermal conductivity, viscosity and specific heat. The 

tests were conducted at three different temperatures at 6 

°C, 25 °C and 40 °C. In order to stabilize the samples 

temperature, the samples were placed inside the 

refrigerated water bath and this can minimize the effect 

of temperature variation. 

 For thermal conductivity test, the KD2Pro thermal 

analyzer (Decagon, USA) was used to measure the 

nanofluid thermal conductivity. It was set on automatic 

mode and left on the  flat table to avoid any movement 

or table vibration during the measurement process. Any 

movement of the sample would create the convection.  

 For the viscosity test, the Brookfield rotational 

viscometer was used. Using multiple speed transmission 

and interchangeable spindles, a variety of viscosity 

ranges were measured. The viscosity of CNT-water 

nanofluids as a function of shear rate was measured. 

Besides that, nanofluids provide better fluid 

performance due to the higher shear rate at the wall 

which results in low viscosity there. Meanwhile, for 

specific heat test, it was conducted by employing the 

IKA C200 Bomb Calorimeter. The specific heat 

capacity determines the convective flow nature of the 

nanofluid and it necessarily depends on the volume 

fraction of the nanoparticles.  

 

2.4   Heat Transfer Performance Test 

 Enhancement of heat transfer coefficient is much 

higher than the increase in the effective thermal 

conductivity [7]. They associated the possible reasons 

with the improved thermal conductivity, shear induced 

enhancement in flow, reduced boundary layer, particle 

re-arrangement and high aspect ratio of CNTs. 

 

3. RESULTS AND DISCUSSION 

 Experiments were conducted to measure 

rheological properties of nanofluids in the particle 

volume concentration range of 0.2% - 1.0 % and the 

temperature range of 6 °C to 40 °C. Based on Table 1 

and Table 3, the thermal conductivity of nanofluids 

increase when temperature and volume concentration 

increase same like specific heat. But for viscosity based 

on Table 2, it will decrease when temperature is high. 

 

Table 1 Thermal conductivity for MWCNT nanofluids 

with different volume concentration and temperature 

Volume 

concentration of 

nanofluids (wt %) 

Thermal conductivity reading at 

different temperature (W/m.K) 

6 °C 25 °C 40 °C 

0.2 0.738 0.750 0.758 

0.4 0.744 0.752 0.760 

0.6 0.748 0.755 0.762 

0.8 0.751 0.760 0.766 

1.0 0.753 0.763 0.770 

 

4. CONCLUSIONS 

From the results it was found that the thermal 

conductivity was increased with an increase of particle 

concentration and temperature increment. The increase 

in thermal conductivity enhancement shows 23.5% for 

the volume concentration of 1.0%. Meanwhile, for the 

viscosity, it becomes much more dependent on the 

volume fraction of nanoparticles and base fluids also 

with the temperature. At low nanoparticle concentration, 

the viscosity of the base fluids are dominated and the 

viscosity increased when the temperature is decreased. 

This conditions vice versa when the concentration of 

nanoparticle and temperature is high. It was found that 

the specific heat of nanofluids decreased gradually with 

the increment in nanoparticle concentration however an 

increasing trend was found at elevated temperatures. 

 

Table 2 Viscosity for MWCNT nanofluids with different 

volume concentration and temperature 

Volume 

concentration of 

nanofluids (wt %) 

Viscosity reading at different 

temperature (Pa.s) 

6 °C 25 °C 40 °C 

0.2 0.91 0.75 0.44 

0.4 0.92 0.77 0.45 

0.6 0.95 0.79 0.47 

0.8 0.97 0.81 0.48 

1.0 0.99 0.82 0.49 

 

Table 3 Specific heat for MWCNT nanofluids with 

different volume concentration and temperature 

Volume 

concentration of 

nanofluids (wt %) 

Specific heat reading at 

different temperature (J/kg.K) 

6 °C 25 °C 40 °C 

0.2 0.398 0.410 0.427 

0.4 0.390 0.405 0.420 

0.6 0.385 0.402 0.416 

0.8 0.381 0.400 0.414 

1.0 0.378 0.399 0.410 
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