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Abstract-The recent development of nanotechnology brings out a new heat transfer coolant called nanofluids. 
These fluids exhibit larger thermal properties than conventional coolants. Nanofluids can be considered to be the next-
generation heat transfer fluids because they offer exciting new possibilities to enhance heat transfer performance 
compared to pure liquids. This paper mainly deals with measuring the convective heat transfer of CuO/Ethyl glycol 
Nanofluid. The transient heat conduction experiment is been performed by varying the Copper oxide concentration in the 
Nanofluid and the results were plotted. The experimental results show that the convective heat transfer coefficient of 
Nanofluid was found to increases with an increase of particle volume fraction. 
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I. INTRODUCTION 

The idea behind development of nanofluids is to use them as thermo fluids in heat exchangers for enhancement of heat 
transfer coefficient and thus to minimize the size of heat transfer equipment’s. Nanofluids help in conserving heat energy and 
heat exchanger material. The important parameters which influence the heat transfer characteristics of nanofluids are its properties 
which include thermal conductivity, viscosity, specific heat and density. The thermo physical properties of nanofluids also depend 
on operating temperature of nanofluids. Hence, the accurate measurement of temperature dependent properties of nanofluids is 
essential. Thermo physical properties of nanofluids are pre-requisites for estimation of heat transfer coefficient and the Nusselt 
number. Nanofluids are engineered colloidal suspensions of nanoparticles in a base fluid. In general, the size of these nanoparticles 
varies from 1-100nm.The type of nanoparticle used is directly dependent on the enhancement of a required property of the base 
fluid. 

Rajput Nitesh Singh et. al [1] has found that Nanofluid TiO2/CuO was used in a heat exchanger (double pipe) for the 
observation of behavior of heat transfer with flow rate and concentration of nanoparticles at ambient temperature. The results 
predict that CuO act as a better nanoparticle in comparison to TiO2 due to high thermo-physical properties of the mixture, yield 
in the increase in heat transfer. Experimental results show that application of TiO2/CuO based nanofluid enhances coefficient of 
heat transfer by 5 % at 0.3% concentration by volume and a flow rate of 4 LPM respectively.  

Jing Fan et. al [2] The emphasis centers on the thermal conductivity of nanofluids: its experimental data, proposed 
mechanisms responsible for its enhancement, and its predicting models. A relatively intensified effort has been made on 
determining thermal conductivity of nanofluids from experiments. While the detailed microstructure-conductivity relationship is 
still unknown, the data from these experiments have enabled some trends to be identified. Suggested microscopic reasons for the 
experimental finding of significant conductivity enhancement include the nanoparticle Brownian motion, the Brownian-motion-
induced convection, the liquid layering at the liquid-particle interface, and the nanoparticle cluster/aggregate. Although there is a 
lack of agreement regarding the role of the first three effects, the last effect is generally accepted to be responsible for the reported 
conductivity enhancement. The available models of predicting conductivity of nanofluids all involve some empirical parameters 
that negate their predicting ability and application. The recently developed first-principles theory of thermal waves offers not only 
a macroscopic reason for experimental observations but also a model governing the microstructure-conductivity relationship 
without involving any empirical parameter. 

The CuO nanoparticles having an average size of 50 nm and density of 6.3 gm/cm3 is procured from an India based 
company (Nano Partech Chemicals Private Ltd) and is used for investigation in the present experimental work. The distribution 
of CuO nanoparticles at Nano scale can be observed under a Scanning electron microscope (SEM). The SEM images of CuO 
nanoparticles at 1 µm magnifications is shown in Fig1.1(a) and SEM image of CuO nanoparticle on a 500 nm scale is shown in 
Fig 1.1(b). Preparation of Nanofluids is an important stage and Nanofluids are prepared in a systematic and careful manner. A 
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stable Nanofluid with uniform particle dispersion is required and the same is used for measuring the thermo physical properties 
of Nanofluids. In this method, the nanoparticles are directly mixed in the base liquid and thoroughly stirred. Nanofluids prepared 
in this method give poor suspension stability, because the nanoparticles settle down due to gravity, after a few minutes of 
Nanofluid preparation. The time of particle settlement depends on the type of nanoparticles used, density and viscosity properties 
of the host fluids. 

 
 

 
(a)                                 (b) 

 
Fig 1 SEM images of CuO nanoparticles on 1000 nm and 500 nm scales 

 
However, as the heat input increases, the oscillating motion increases and the resultant temperature difference between 

the evaporator and condenser does not continue to increase after a certain power input. This phenomenon inhibits the effective 
thermal conductivity of the nanofluid from continuously increasing. However, at its maximum power level of 336 W, the 
temperature difference for the nanofluid OHP was still less than that for the OHP with pure water, Figure Hence, it has been 
shown that the nanofluid can significantly increase the heat transport capability of the OHP. M. A. Sabiha et al. [3] investigated 
nanofluids in pulsating heat pipes by using silver nanoparticles, and discovered encouraging results. The silver nanofluid 
improved heat transfer characteristics of the heat pipes. 

 
S.H.Hashemabadib et al. [4] investigated the heat transfer enhancement and behavior of -water nanofluid with the 

intention of using it in a closed cooling system designed for microprocessors or other electronic devices. The experimental data 
supports that the inclusion of nanoparticles into distilled water produces a significant increase of the cooling convective heat 
transfer coefficient. At a given particle concentration of 6.8%, the heat transfer coefficient increased as much as 40% compared 
to the base fluid of water. Smaller nanoparticles also showed higher convective heat transfer coefficients than the larger ones. 
Further research of nanofluids in electronic cooling applications will lead to the development of the next generation of cooling 
devices that incorporate nanofluids for ultrahigh-heat-flux electronic systems. 

 

II EXPERIMENTAL 
A. Nanofluid Preparation: 

There are some other literatures where different approaches (other than these two procedures) were expressed. Feng et al. 
[6] used aqueous organic phase transfer method for preparation of gold, silver, platinum nanoparticles. Phase transfer method can 
also be applied to prepare kerosene based Fe3O4 nanofluids which do not show time dependent thermal conductivity. Grafting of 
oleic acid onto the surface Fe3O4 make it compatible with kerosene. Wei et al. [7] established a continuous flow micro fluidic 
micro reactor to synthesize copper nanofluids. The microstructure and properties of nanofluids can appropriately be varied by 
adjusting parameters such as concentration, flow rate, additives. Moreover, a novel preparation of aqueous CuO nanofluid can be 
done through novel precursor transformation method with the help of ultrasonic and microwave irradiation. Here the precursor, 
Cu (OH)2 is completely converted to CuO in water under that process. The use of ammonium citrate is to prevent the growth and 
aggregation of nanoparticles, resulting in a stable CuO aqueous nanofluid with higher Heat transfer rate than those prepared by 
other dispersion methods. 

Copper oxide Nanofluids of five different volume concentrations in range of 0.05, 0.1, 0.15and 0.2 % are prepared for 
measuring the temperature dependent thermal conductivity and viscosity of all the Nanofluids concentration considered in the 
present work. Normally agglomeration of nanoparticles takes place when nanoparticles are suspended in the base fluid. All the 
test samples of CuO Nanofluids used subsequently for estimation of their properties were subjected to magnetic stirring process 
followed by ultrasonic vibration for about 5 hours.    

                       
The CuO Nanofluids samples thus prepared are kept for observation and no particle settlement was observed at the bottom 

of the flask containing CuO Nanofluids even after four hours. In the present experiments with CuO Nanofluids, the time taken to 
complete the experiment for property estimation is less than the time required for first sedimentation to take place and hence 
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surfactants are not mixed in the CuO nanofluids. The CuO nanofluids prepared are assumed to be an isentropic, Newtonian in 
behavior and their thermo physical properties are uniform and constant with time all through the fluid sample. The most important 
properties needed for estimation of convective heat transfer coefficient of nanofluids are its density; heat transfer coefficient, 
viscosity, and specific heat. The thermo-properties properties of CuO nanofluids are estimated experimentally for all the 
concentrations and the results obtained in the experiments are compared with the theoretical equations which predict Nanofluid 
properties 

 
B. Properties of CuO Nano Particles: 

 

 
fig 2 Photographic view of CuO Nanoparticles 

TABLE 1: CuO NANOPARTICLE PROPERTIES 

chemical formula CuO 
Molar Mass              79.454 g/mol 
Form Powder                    

Color  Black to Brown- Black 
Melting Point 1326°C 

Boiling Point 20000C 

Density  6.315 g/cm3 
Material to be avoided Oxidizing agents, Acids. 

Solubility  Insoluble in Water, Alcohol, Ammonium Hydroxide, Ethyl 
Glycol, Ammonium Carbonate. 
Soluble in Ammonium Chloride, Potassium Cynide 

Crystal Structure:   Monoclinic 

 
C .Estimation of Nanoparticle Volume Concentration 

The amount of CuO nanoparticles required for preparation of nanofluids is calculated using the law of mixture formula. A 
sensitive balance with a 0.1mg resolution is used to weigh the CuO nanoparticles very accurately. The weight of the nanoparticles 
required for preparation of 1000 ml CuO nanofluid of a particular volume concentration, using water-propylene glycol base fluid 
is calculated by using the following relation. 

 

% of volume concentration = =  

TABLE 2: VOLUME CONCENTRATIONS OF CUO NANOPARTICLE WITH CORRESPONDING WEIGHT 
 

S.No Vol. Concentration (%) Weight of Nanoparticles (gram) 

1 0.05 3.203 

2 0.1 6.412 

3 0.15 9.614 

4 0.2 12.824 
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D. Experimental set-up: 
 

The experimental setup to measure the heat transfer coefficient of nanofluids is shown schematically in Fig. 3 The present 
work Heat transfer rate of the CuO nanofluids is measured by using the Transient heat conduction apparatus. 

 
Fig: 3 Schematic diagram of the Heat transfer coefficient measuring experimental setup 

 
E .Test Results 

Specifications of Experimental Setup 
 

• Diameter of the copper cylinder = 20 mm 
• Length of the cylinder = 70 mm 
• Area of the cylinder = 0.00439 m2 
• Volume of the cylinder = 0.00002199 m3 
• Density of copper cylinder =8954 kg/m3 
• Specific heat of copper = 0.381 kj/kg-k 
• Initial temperature of copper cylinder = To 
• Final temperature of copper cylinder = T 
• Water bath temperature (Hot or cold) = T∞ 
• Time taken for the cylinder to reach T from to = t sec 

 
1) Transient heat conduction of Distilled water at Various temperature: 

   TABLE 3: EXPERIMENTAL VALUES OF DISTILLED WATER AT 400C 
 

HEATING COOLING 

T∞ = 40.4 ºC T∞ = 31.3 ºC 

t      = 104 sec t     = 44 sec 
TO    = 31.3 ºC TO    = 39.9 ºC 
T    =    40.1 ºC T    = 31.8 ºC 

h     = 0.5627 kW/m2 ºC h  = 1.10903kW/m2 ºC 

  
 
 

 
Fig: 4 Heating & cooling curve of Distilled water at 400C. 
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2) Transient heat conduction of Distilled water at 70 ºC: 
 

TABLE 4: EXPERIMENTAL VALUES OF DISTILLED WATER AT 700C 
 

HEATING COOLING 

T∞ = 74.5 ºC T∞ = 31.8 ºC 

t      = 104 sec t     = 44 sec 
TO    = 31.4 ºC TO    = 70.1 ºC 
T    =    72.2 ºC T    = 32.6 ºC 

h     = 0.5040 kW/m2 ºC h    =0.8092 kW/m2 ºC 

 

 
Fig: 5 Transient Heat Condition through distilled water at 700C. 

 
3) Transient heat conduction of Distilled Water with CuO 0.05% concentration at Various temperatures: 

 
Transient heat conduction experiment was performed at various temperature with 0.05% CuO concentrated Nanofluid and the 
values are tabulated for calculating the convective heat transfer coefficient at different temperatures. The heating and cooling 
curve for  

 
TABLE 5: EXPERIMENTAL VALUES OF DISTILLED WATER WITH CUO 0.05% CONCENTRATION AT 40 ºC 

 
HEATING COOLING 
T∞ = 41.9 ºC T∞ = 30 ºC 
t      = 96 sec t     = 35 sec 
TO    = 30.1 ºC TO    = 40.1 ºC 
T    =    41.3 ºC T    = 30.9 ºC 
h = 0.5322 kW/m2 ºC h =1.2485 kW/m2 ºC 

 

 
 

Fig: 6 Heating & cooling curves of Distilled water with 0.05% CuO at various temp. 
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. 
 At higher heating temperature the time required for cooling is less as compared with low heating temperature. The curve 
depicts that time required for achieving heating temperature is more than that of cooling to room temperature. 

 
4) Transient heat conduction of Distilled Water and CuO 0.1% concentration at various temperatures: 

 
TABLE 6: EXPERIMENTAL VALUES OF DISTILLED WATER WITH CUO 0.1% CONCENTRATION AT 40 ºC 

HEATING COOLING 
T∞ = 41.8ºC T∞ = 31ºC 
t      = 94 sec t     = 25 sec 
TO    = 31.8 ºC TO    = 33 ºC 
T    =    40.1ºC T    = 31.8 ºC 
h= 0.367301kW/m2 ºC h  =1.26287kW/m2 ºC 

 

 
 

Fig: 7 Heating & cooling curves of Distilled water with 0.1% CuO at various temps 

 
5) Transient Heat Conduction of ethylene glycol 20%, CuO 0.05% and distilled water at various temperature: 

 
Fig: 8 Heating &Cooling curve of distilled water with ethylene glycol 20% and CuO 0.05%. 
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6) Transient Heat Conduction of distilled water, CuO 0.1%, ethylene glycol of 20% at various temperature: 

 
Fig: 9 Heating &Cooling curve of distilled water with ethylene glycol 20% and CuO 0.1%. 

 

7) Transient Heat Conduction of distilled water, CuO 0.1%, ethylene glycol of 20% at various 
temperatures. 

 
Fig: 10 Heating &Cooling curves of distilled water with ethylene glycol 20% and CuO 0.1%. 
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F) The Column Chart Shows Temperature vs. Heat Transfer Coefficient during Heating. 

 
Fig 11 

 From the above chart it has been observed that by comparing Water, CuO at 0.05% , CuO at 0.1%, CuO at 0.15% and 
Cuo at 0.2% During Heating Heat Transfer Coefficient is high at CuO of  0.15% concentration at 70 ºC with a value of h = 1.1554 
kW/m2 ºC 

G) The Column Chart Shows Temperature vs Heat Transfer Coefficient During Cooling: 

 
Fig 12 

From the above chart it has been observed that by comparing Water , CuO at 0.05% , CuO at 0.1%, CuO at 0.15% and 
Cuo at 0.2% During Cooling Heat Transfer Coefficient is high at Cuo of 0.15% concentration at 70 ºC with a value of 
 h = 1.8674 kW/m2 ºC. 
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H) The Column Chart Shows Temperature vs Heat Transfer Coefficient During Heating. 

 
Fig 13 

    From the above chart it has been observed that by comparing Ethyl Glycol of 20% and Water, Ethyl Glycol of 20% 
and CuO at 0.05%, Ethyl Glycol of 20% and CuO at 0.15% and Ethyl Glycol of 20% and CuO at 0.2%. During Heating 
Heat Transfer Coefficient is high at Cuo of 0.15% concentration at 60 ºC with a value of h = 1.1671 kW/m2 ºC 
 

I)  The Column Chart Shows Temperature vs Heat Transfer Coefficient During Cooling                                                             

  

 

 

 

 

 

 

 

 

 

Fig 14 

 From the above chart it has been observed that by comparing Ethyl Glycol of 20% and Water , Ethyl Glycol of 20% 
and CuO at 0.05%, Ethyl Glycol of 20% and CuO at 0.15% and Ethyl Glycol of 20% and Cuo at 0.2%. During Cooling Heat 
Transfer Coefficient is high at Cuo of 0.15% concentration at 60 ºC with a value of h = 1.904 kW/m2 ºC 
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CONCLUSIONS: 

  
               Studies of nanofluids reveals high thermal conductivities and heat transfer coefficients compared to those of 
conventional fluids. 
                 By comparing the Heat Transfer Coefficient of Copper Oxide Nano fluid with the Heat Transfer Coefficient of base 
fluids like Distilled water and Ethyl Glycol, Heat transfer coefficient for the copper oxide Nano fluid is high on heating as well 
as cooling. 
                 The Heat transfer rate of copper oxide with base fluid of distilled water is high at 0.15% concentration of CuO Nano 
particles at a temperature of 70 ºC on heating and cooling if we go further high temperature it may exhibit wide range of heat 
transfer when compared with the conventional fluids. 
                 The Heat transfer rate of copper oxide with base fluid of Ethyl Glycol is high at 0.15% concentration of CuO Nano 
particles at a temperature of 60 ºC on heating and cooling, on further high temperature it removes more heat from the fluid. 
                CuO Nano fluid is important because they can be used in numerous applications involving heat transfer, and other 
applications such as in detergency. Colloids which are also CuO nanofluids have been used in the biomedical field for a long 
time, and their use will continue to grow. CuO Nano fluids have also been demonstrated for use as smart fluids. Problems of 
nanoparticle agglomeration, settling, and erosion potential all need to be examined in detail in the applications. CuO Nano fluids 
employed in experimental research have to be well characterized with respect to particle size, size distribution, shape and 
clustering so as to render the results most widely applicable. Once the science and engineering of CuO nano fluids are fully 
understood and their full potential researched, they can be reproduced on a large scale and used in many applications. Colloids 
which are also CuO Nanofluids will see an increase in use in biomedical engineering and the biosciences. 
Further research still has to be done on the synthesis and applications of CuO nano fluids so that they may be applied as predicted. 
Nevertheless, there have been many discoveries and improvements identified about the characteristics of CuO nano fluids in the 
surveyed applications and we are a step closer to developing systems that are more efficient and smaller, thus rendering the 
environment cleaner and healthier. 
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