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ABSTRACT 

A novel heat transfer fluid with bio-nanomaterial, which is 

environmentally safe, is prepared and its thermo-physical 

properties such as thermal conductivity and viscosity are 

measured. The bio-nanomaterial considered in this study is 

mango bark.  A two-step process is employed to prepare a 

stable nanofluid. The average particle size was measured using 

scanning electron microscope and is found to be 100nm. The 

stability of the nanofluid is checked by measuring the 

absorbance and viscosity at a constant temperature. The 

concentration of nanofluid and temperature are varied between 

0.1 to 1 vol% and 10 to 60 
o
C, respectively for the 

measurement of viscosity and thermal conductivity. The 

measurement shows that the measured thermal conductivity of 

the water is comparable with the standard data presented by 

American Institute of Physics and American Chemical Society. 

Also, the measured thermal conductivity of the nanofluids 

showed a slight enhancement compared to the thermal 

conductivity of water. The measured viscosity of the nanofluids 

shows exponentially decreasing trend. 

 

INTRODUCTION 

In the last few decades, nanofluids have been used in wide 

areas such as bio-medical, heat transfer, energy, heating 

buildings and pollution control etc. as the nanofluids possess 

considerable advantages over the traditional fluids. Though the 

nanofluids have been used in diversified areas, a special 

attention is on heat transfer fluids in thermal systems. The 

concept of nanofluid is well known and is a suspension of 

ultrafine nanoparticles in traditional fluids [1]. The main 

advantage of using nanofluids in the thermal system is the 

exceptional thermo-physical properties such as thermal 

conductivity, viscosity, surface tension and density. A wide 

range of research has been done in the past few decades 

concerning the preparation, stability, and characterisation of 

nanofluids [2, 3]. All these reviews show the efficacy of 

nanofluids stability which is a major leap for the design of 

thermal systems.  

NOMENCLATURE 

 
k [W/mK] Thermal conductivity 

φ  [-] concentration 

 

Subscripts 

bf  Base fluid 

nf  nanofluid 

np  nanoparticle  

 

After that, considering the major interest in the thermo-

physical properties of nanofluids which is used in thermal 

systems, thermal conductivity and viscosity of different kinds 

of nanofluids were studied. Aybar et al. [4] reviewed the 

thermal conductivity enhancement in the nanofluids and all of 

the studies referred show the enhancement in thermal 

conductivity. A review of viscosity by Mishra et al. [5] 

suggested that the viscosity is also an important property and it 

needs the same attention as thermal conductivity since it is a 

crucial factor for heat transfer enhancement. Thereafter, Meyer 

et al. [6] reviewed the viscosity of the nanofluids including the 

literature related to model development and numerical analysis. 

From this review, it was understood that the volume fraction, 

particle shape and size, and factors such as temperature and pH 

were the important factors affecting the viscosity. Apart from 

the above properties, magnetic field [7-9] also affects the 

viscosity and thermal conductivity of the magnetic nanofluids. 

Very recently, Leong et al. [10] reviewed to explore the 

synthesis method to develop hybrid nanofluids since the 

thermal conductivity of such nanofluids were better than the 

single component nanofluids. All these studies suggest that 

these nanofluids favourable for using in thermal systems 

 

      Though many positive effects were found in terms of 

thermophysical properties in nanofluids, it is believed that the 

proliferation of nanoparticles to the environment is not safe for 

humans and environment. Recent studies reveal that the 

nanoparticles affect the human pulmonary cells [11], human 

health [12-14], pregnant Mice [15], aquatic organisms [16], 
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animals [17], bacterial growth [18] and environment [19]. From 

these studies, it is clear that these nanofluids are potentially 

harmful to the humans and environment. Therefore 

environmentally safe bio-nanofluids are essential for the safe 

use of nanofluids and this topic is currently under investigation. 

In this direction, no such literature are available with the 

research community. Bio-nanoparticles which are originated 

from the wood, char, seeds and leaves could be 

environmentally friendly since naturally humans are exposed to 

these nanoparticles.  Therefore in this study, a new kind of 

nanofluid consists of bio-nanoparticle is prepared and the 

thermal conductivity and viscosities are measured for different 

concentration of nanoparticles at various temperatures.  

PREPARATION AND CHARACTERIZATION OF 

NANOFLUIDS 

    In this study, nanofluid is prepared using a two-step 

method. In the first step, the nanoparticle is prepared from the 

mango bark and leaves by ball milling. Before ball milling, the 

raw material is dried in the sunlight. In the second step, the 

prepared nanoparticles are suspended in the De-ionized water 

(DI water) by using an ultrasonic process. The required volume 

of nanoparticles is taken and mixed with a necessary amount of 

water. Then the mixture is subjected to an ultrasonic cavitation 

(Qsonica-Q700) process for 1 hour to prepare a uniform and 

stable fluid. After the preparation of nanofluid, the stability of 

the nanofluids is accessed using UV-Visible spectroscopy 

(Jenway-7315) and verified with viscosity measurements at 

constant temperature.  

 

 

Fig.2 SEM image of mango bark nanoparticles at a 

magnification of (a) 500X and (b) 50000X 

THERMO-PHYSICAL PROPERTIES OF NANOFLUIDS 

       The thermal conductivity of the nanofluids is measured 

using KD2 Pro Thermal Property Analyser, Decagon Devices, 

Inc. The thermal conductivity of nanofluids with the 

concentration of 0.1 to 1 Vol % is measured at temperatures of 

10 to 50
o
C. The accuracy of the thermal conductivity 

measurement is ±5%. Also, the viscosities of nanofluids are 

measured using sine-wave vibro viscometer SV-10 from A&D 

Company Ltd., Japan. The concentration and temperature of 

nanofluid are varied between 0.1 to 1 vol% and 10 to 60 
o
C, 

respectively. A proper calibration procedure prescribed by the 

manufacturers are followed before measurements of both 

thermal conductivity and viscosity measurements. The 

measured thermal conductivity of the nanofluids is also 

compared with the Maxwell correlation [20]. 
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RESULTS AND DISCUSSION 

       After the preparation of nanoparticles, the same is 

characterized using scanning electron microscope. Figure 2 

shows the SEM image of nanoparticles and the average particle 

size is found to be 100 nm. The other properties of prepared 

nanoparticle are presented in Table 1. After characterization of 

nanoparticles, nanofluid is prepared as discussed earlier and the 

stability of the nanofluid is checked by measuring the 

absorbance and viscosity at a constant temperature. The 

stability is monitored up to 45 hours and found no change in 

absorbance or viscosity as shown in Figure 3 which confirms 

the stability of nanofluids in a prescribed period. Therefore, all 

the natural convection experiments are completed within 8 

hours from the time of nanofluid preparation. 

The measured thermal conductivity of the base fluid and 

nanofluid is presented in figure 4 and also the results are 

compared with the standard data of water. It is found that the 

measured thermal conductivity of the water is comparable with 

the standard data presented by American Institute of Physics 

and American Chemical Society [21]. Also, the measured 

thermal conductivity of the nanofluids showed no significant 

enhancement compared to the thermal conductivity of water. 

The Maxwell correlation [Ref] also used to predict the thermal 

conductivity of the nanofluids and it under predicts the 

experimental results since the thermal conductivity of the wood 

particles is much less than that of the water. 

Figure 5 shows the measured viscosity of the water and 

nanofluid and comparison with the standard viscosity of water 

[22]. It is observed that the measured viscosity follows the 

same trend of standard viscosity. However, it underpredicts the 

standard viscosity of water. Also, it is noticed that the addition 

of wood nanoparticles into the traditional fluids does not make 

much difference in viscosity. However, the measured viscosity 

showed and exponential variation with temperature. 
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Figure 3 Stability of nanofluid in terms of absorbance and viscosity at 

constant temperature 

 

 

Figure 4 Thermal conductivity of nanofluids 

 

Figure 5 Viscosity variations of nanofluids 

 

CONCLUSION  

      A new kind of environmentally safe bio nanofluids is 

prepared and characterised. The thermophysical properties such 

as viscosity and thermal conductivity are measured and 

presented. Though the experimental thermal conductivity of the 

nanofluids shows an enhancement, the theoretical thermal 

conductivity is deteriorated as the thermal conductivity of the 

wood is much lower than that of the base fluid. Even though the 

performance of the nanofluids is not favourable, this study will 

pave a way for finding new environmentally safe nanofluids 

with higher performance. 
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