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Abstract: - Nanofluids are new generation heat transfer fluid and it is used in the different areas of heat transfer 

applications. This study presents the experimental study on viscosity of CuO/Water nanofluid to be used as heat transfer 

fluid. The nanofluid was prepared by dispersion of nano-size metallic particles in Distilled water. The dispersion and 

stability of nanofluid obtained by dispersing CuO nanoparticles (0.02 and 0.1 wt %)  in distilled water have been analyzed. 

Synthesized nanoparticles were characterized using UV-VIS spectrophotometer, TEM and SEM. In this paper, we have 

investigated experimentally the effect of temperature (30ºC to 80ºC) andnanoparticle concentration (0.02 and 0.1 wt %) on 

the viscosity of distilled water as well as CuO nanofluid. Results show that the viscosity of nanofluids increases with 

increment in nanoparticles concentration and viscosity decreases with rising of temperature. The measurement of viscosity 

of distilled water and CuO nanofluid using a ‘Brookfield’ type viscometer with the temperature ranging from 30ºC to 80ºC 

and show the viscosity enhancement with nanoparticles for heat transfer applications. 

Keywords:  Nanofluids, Preparation of Nanofluid, Measurement of Viscosity, Experimental Results, Viscosity Models. 

I. INTRODUCTION 

Heat transfer is useful in many applications like vehicles, 

electronic equipments, chemical reactor, nuclear reactor, air 

conditioning systems, ventilating etc. In thermal power 

stations, heat transfer is most important process. Heat transfer 

is useful for many production processes like pasteurization of 

milk, cooling of machine tool and adjustment of temperature 

in chemical process. Heat transfer occurs through devices like 

condensers, heat sinks, evaporators, heat exchangers etc. and 

these devices are useful for the increasing of the heat transfer 

efficiency. Heat transfer efficiency can be improved using 

several methods and new technologieslike use of vibration, 

micro channels and extended surfaces00. Heat transfer 

efficiency can be improved by using fluids primarily 

includeswater, ethylene glycol and engine oil. Some 

drawbacks are also observed, when the researchers 

investigated the use of solid particle suspensions with size of 

the order of micrometers and millimeters. These drawbacks 

included channel clogging, particles sedimentation and 

erosion in walls that prevented the use of solid particles in 

heat transfer applications. By dispersing of nano sized 

particles into liquid, nanofluids are formed0. In 1995, Choi 

described a new heat transfer fluids and used these base fluids 

for improving the thermophysical properties. By suspension 

or dispersion of nanoparticles, we can achieve the highest 

thermal properties at smallest concentration 0. Common heat 

transfer fluids are metallic (Al, Fe, Cu, Ag, Au), 

oxides(Al2O3, Fe2O3, ZnO, CuO, SiO2, TiO2), and polymeric 

particles. The issue of clogging can be solved by using 

dispersions of nanoparticles and using nanosized particles 

along with base fluids (oil, water, and ethylene glycol). These 

suspensions are called nanofluids and these can be used in 

many applications i.e. automotive industry, energy supply, 

heating/cooling systems, microelectronics, chemical industry 

etc0. Nanofluids can be prepared by mainly two types of 

methods, one is single step method and another two step 

method. When particles are directly dispersed in base fluid, it 

is single (one) step method 0. Some processes avoided by this 

method avoid i.e. storage, drying, transportation etc. Two step 

method is used for preparing the nanofluids and the first step 

in this method involves formation of nanoparticles using 

some chemical or physical process. The next step is the nano 

sized particles dispersed in base fluid using techniques like 

high shear mixing, ultrasonic agitation0. Mixing devices 

(sonicator, vibrator) are used to minimize agglomeration of 

nanoparticles. Surfactant is very important for improving the 

stability of nanoparticles in nanofluid and it is used for 

preparing different nanofluids. Nanofluids are used to 

improve the thermophysical properties. Researchers0 gave 

less attention on the nanofluids viscosity(44%) as compared 

to the thermal conductivity (56%). Viscosity was found to be 

an important thermophysical property of nanofluids and can 
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be expressed in mpa.s or cp. This property mainly used in 

petroleum engineering and chemical engineering. The 

different parameter that affects the nanofluid viscosity are 

particle shape and size, preparation method of nanofluids, 

temperature, volume concentration, surfactants, base fluid, 

shear rate, particle aggregation and pH value0. Haddad et al. 

0 stated that the nanofluid properties are dependent on the 

stability of dispersion. Different types of nanoparticles are 

used for better stability of nanofluid and explained the 

method for preparing the nanofluids at different concentration 

as used of zeta potential and pH values.The rheological 

characteristics of nanofluids found that the all nanofluids 

viscosities higher than their base fluids and increased with 

increasing nanoparticles concentration. Different 

nanoparticles are used for making the nanofluids using with 

or without surfactant particles. Nanofluids properties are 

dependent on the stability of dispersion using different types 

of methods such as zeta potential, ultrasonication etc. 0. 

II. LITERATURE REVIEW 

Akilu et al.0 explained that the various parameters used for 

characterization & measure of viscosity. These parameters are 

used for characterization X-ray powder diffraction and 

scanning electron microscope. The result shows that the 

viscosity increases 80% at 2.0% volume concentration. 

Viscosity increases with increment in concentration and 

viscosity decreases with rising of temperature. Zennifer et al. 

0 explained that the cupric oxide nanoparticles dispersion in 

EG through the probe sonication at volume fraction (1 vol%, 

0.5 vol %) and the temperature lies between 50˚C and 120˚C. 

The result shows that the viscosity of EG higher than the 

viscosity of CuO-EG nanofluid at different temperature and 

13% enhancement in viscosity with 1 vol% of CuO 

nanofluid.Vinodhan et al. 0 explained that the heat transfer 

characteristics of nanofluid (CuO-Water) using a minitube 

geometry for heat deduction using nanoparticle weight 

concentrations (0.025-0.1 wt %) with flow rate (0.18-1.25 

mL/s). The result shows that the nanofluid (CuO/Water) 

viscosity increases with the increment in weight 

concentrations (0.1 wt %). The enhancement in viscosity was 

observed to be 24% with nanoparticles concentration (0.1 wt 

%). Fule et al. 0 studied that the CuO-Water nanofluids used 

in heat exchanger for heat transfer improvement and for 

preparing the nanofluids, two step method are used. The 

volume fraction lies between 0 to 0.5% of CuO nanoparticles. 

The result indicates the increment in the heat transfer 

coefficientalong with the increment in particlesloading (0.1%) 

andnanofluid flow rate.Maximum improvement in heat 

transfer ratewas observed to be about 37.3% at 0.5 

vol%.Tijani et al. 0 explained that the heat transfer 

performance of nanofluids for car radiator (as a coolant)and a 

mixture of EG-Water were used for preparing the nanofluids 

(Al2O3 and CuO) and used nanoparticles concentration 

(0.05%, 0.15% and 0.3%) and heat transfer coefficient was 

evaluated.Heat transfer performance was found increasing 

with increment in particles concentration and the 

enhancement in viscosity was found 13% at 0.3% CuO 

nanofluid.Karimipour et al. 0 explained that the effect of mass 

fraction and temperature on CuO nanofluids and used TEM or 

Zeta potential for high stability of nanofluids and temperature 

range between 40 to 70˚C at 2.5% concentration. The results 

show thatincrement in nanofluids  viscosityat 2.5 

%concentration and a decrement was observed with the 

increase of temperature and the experimentally results show 

that the improvement in viscosity was 25% at 2.5 wt%.Aguila 

et al. 0 explained that the effect ofseveral factors like 

temperature and volume concentration on the viscosity of 

nanofluid.Three nanoparticle concentrations (2.5%, 5.0%, and 

10.0%) were used in the study. For preparing the nanofluids, 

two step methodwas used. The results showthat the viscosity 

increment with increase of nanoparticle concentrations (2.5%, 

5.0%, and 10.0%) and decreases with rising of temperature 

and maximum 60% enhancement in nanofluids viscosity was 

observed with the increases of nanoparticle concentrations. 

Alawi et al. 0 investigated that the viscosity of various 

metallic oxides like Al2O3, CuO, SiO2 and ZnOand using 

volume concentrations (1-5vol%) at temperature of 300-320k. 

Viscosity ofnanofluidsincrease with the addition of particle 

concentrations (1-5 vol %) and viscosity decreases with 

temperature increments and the enhancement in viscosity at 

5% concentration approximately was found to be 60%. 

Kannadasan et al. 0 explained that the difference of pressure 

drop and heat transfer performance of nanofluid in heat 

exchanger & used volume concentrations (0.1%, 0.2%). The 

results show that the nanofluid friction factor increases with 

increment in nanoparticle concentrations & the enhancement 

in viscosity of Cuo/Water nanofluid at 0.1% was 36% and at 

0.2% concentration, it was 45%. Huminic et al. 0 explained 

that the heat transfer performance of nanofluids (CuO and 

TiO2) using volume concentration (0.5-3 vol %) using water 

as base fluid. The result shows that the nanofluids heat 

transfer coefficient increases with increase of mass flow rate. 

The viscosity was observed increased on increase of 

nanoparticle concentration (0.5- 3vol %) and the enhancement 

in viscosity was observed 25% at (0.5-3 vol %) 

concentrations. Hekmatipour et al.0 explained that the forced 

convection heat transfer rate increases with the increment 

innanoparticle concentration from 0% to 1.5% and 22% 

enhancement in viscosity was found at 1.5% of CuO 

nanofluid. Anoop et al.0 explained the rheological properties 

of copper-water based nanofluids and measured the viscosity 

of nanofluids. The two effects are considered- particle 

agglomeration effect and electroviscous effect and result 
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shows that the viscosity was increased when the particle 

concentrations increases from 0.5 to 6 vol%.Priya et al. 0 

investigated that the impact of CuO nanoparticles of non-

spherical morphology on viscosity of water based nanofluids 

for temperature (25-55°C) and volume fraction (0.004-

0.016%) and found that the viscosity of the nanofluid 

decreases with increase in the temperature. 

Different researchers developed various models for 

determining the viscosity of particle suspensions. Einstein 0 

was the first to develop a model for viscosity estimation of 

low volume (u˂0.02) nanoparticles having spherical shape: 

 e  (1 2 5 ) f 

In 1952, Later, Brinkman0in 1952 developed a model using 

Einstein model for large concentration nanoparticles (u˂4%): 

 
e   

 f
(1  )2.5

 

Similarly Batchelor0in 1977 also proposed a model for 

viscosity determination by considering the effects of particle 

interaction and Brownian motion effect: 

 e   (1 2.5  6.5 2)   

Frankel and Acrivo0 proposed that the maximum volume 

concentration of particle with experimental value: 
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Ahuja et al.0 expressed that viscosity correlation with 

suspended micro size nanoparticles: 

   

   
   (          ⁄ ) 

Godson et al.0 expressed that the existing correlations for 

viscosity of nanofluid : 

   

   
                       

Table 1 Viscosity of CuO nanofluids:- 

Author 

 

Base Fluid 

 

Type of 

Nanoparticle 

 

Nanoparticle     

loadings(vol%) 

Temperature(˚C) Remark 

Akilu et al.0 EG CuO 2.0 41 Viscosity increased with particle 

concentrationsand 80% enhancement in viscosity 

at 2.0 vol% 

Zennifer et 

al.0 

EG CuO 0.5-1 50-120 Viscosity of CuO-EG nanofluids lower than the 

EG and 13% enhancement in viscosity at 1.0 

vol% 

Vinodhan et 

al. 0 

Water CuO 0.025-0.1 - 24% enhancement in viscosity was found at 0.1 

vol% 

Fule et al. 0 Water CuO 0.1 - A maximum of 37.3% enhancement in viscosity 

at 0.5 vol% was observed. 

Tijani et al. 0 Water CuO, Al2O3 0.05,0.15,0.3 - Maximum enhancement in viscosity was 

observed to be 13% at 0.3 vol% 

Karimipour et 

al. 0 

Water CuO 2.5 40-70 Viscosity was found increasing with increasing 

particle volume concentration and enhancement 

in viscosity 25% at 2.5 vol% 

Aguila et al. 0 Water CuO 2.5-10 30-55 Three nanoparticle concentrations of CuO 

nanofluid increased the viscosity of nanofluid 

and 60% enhancement in viscosity at 2.5 vol% 

Alawi et al. 0 Water CuO, Al2O3, 

SiO2, ZnO 

1-5 27-47 Viscosity decreases with temperature increments 

and enhancement in viscosity 60% at 1-5 vol% 

Kannadasan 

et al. 0 

Water CuO 0.1 and 0.2 - Increased heat transfer performance with particle 

concentrations and enhancement in viscosity 

36% at 0.1 vol% and 45% at 0.2 vol% 

Huminic et 

al. 0 

Water CuO, TiO2 0.5-3 - Viscosity of nanofluids increment with particle 

loading increment and 25% enhancement in 

viscosity at 3.0 vol% 
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III. SAMPLE PREPARATION AND CHARACTERIZATION:- 

3.1 Materials: -CuO nanoparticles were used for preparing the nanofluid and base fluidused was distilled water. Nanopowder of 

CuO is purchased from HPCL (High Purity Chemicals Private Limited), Mumbai. Surfactant (Cetyl trimethyl ammonium bromide) 

was used for the increasing the stability of suspensions and disperse the particles easily. For preparation of nanofluid, two step 

method was used. 

Table 2 The properties of CuO nanoparticle:-  

Specifications 

Molecular Formula CuO 

Particles Size < 80 nm 

Molecular Weight 79.55 

Specific Surface Area >13 m
2
/g 

CuO Content > 99% 

 

3.2 Nanofluid Preparation: -The nanofluid sample was synthesized by dispersing the nanoparticle (CuO) is dispersed in base 

fluid i.e. distilled water through two-step method. The main steps used for prepare the nanofluid are first of all, the nanoparticle 

(CuO) was taken in appropriate amount. Then nanopowder is dispersed in base fluid (Distilled water). The nanoparticle is mixed 

into base fluid at 0.02 and 0.1wt% concentration and surfactant (CTAB) also mixed with distilled water. A magnetic stirrer was 

used for ensuring the proper mixing of nanoparticles with the base fluid.The mixed solution was stirred in a magnetic stirrer for 2 

hours so that the particles dispersed equally. Sonicator also used for the obtaining more stability of nanofluid and easily disperse in 

water for 3-4 hours. A probe sonicator was used to break down the agglomerated particles for about 30 minutes. The suspension 

was then kept as it is for some days to observe settling of the particles. Prepared nanofluid are shown in fig. 1 and fig. 2. 

                            

Figure 1 CuO (0.02 wt%)/D.I Nanofluid              Figure 2 CuO (0.1wt%)/D.I Nanofluid 

3.3 Characterization of CuO nanofluid:-  

Several techniques were employed for characterization of the synthesized nanoparticleslike as UV-VIS spectrophotometer, 

Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM). TEM measurements were performed using a 

FEI, Technai G2 instrument and this instrument works at 200kV accelerating voltage and the sample were mixed with ethanol prior 

to dispersion to copper grid and sonicated for about 2 minutes.UV-VIS-NIR spectrophotometer (Varian Cary 5000) was used to 

determining the spectroscopy of nanofluids.SEM is used for the examination and inspection of the chemical structure or 
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composition morphology of sample surface. In this technique, a focused beam is used for scan the surface of solid specimen. The 

SEM produce a record of the specimen and the SEM is additionally valuable for analysis of selected points areas on sample. Figure 

3 shows the absorption spectra of synthesized CuOnanoparticles. The SEM micrograph of CuO nanoparticles sample is shown in 

Figure 4. The TEM micrograph of Copper oxide nanoparticles sample is shown in Figure 5. 

 
Figure 3 UV-VIS absorption spectra of synthesized CuO nanoparticles 

 

Figure 4 SEM image of CuOnanoparticles        Figure 5 TEM image of CuO nanoparticles 

IV. MEASUREMENT OF VISCOSITY 

Viscosity of Distilled water and CuO nanofluid (0.02 and 0.1wt %) was measured by Brookfield viscometer at different 

temperature range from 30˚C to 80˚C. The viscosity of distilled water and CuO nanofluid was measured at different 

temperature.The temperature sweep experiments were performed in the range of 30°C to 80°C with heating rate of 2°C per 

minute.Table 3 shows that the experimental values of viscosity of distilled water and CuO nanofluid. Figure 6 shows the viscosity 

of distilled water is less than the viscosity of CuO nanofluid, as we increases the temperature the viscosity of both decreases but the 

viscosity of distilled water is less than CuO at all the temperatures. The viscosity of CuO (0.1 wt%) nanofluid is more than the 

viscosity of CuO (0.02 wt%) at same temperature.The change % in viscosity of distilled water is 51% and in viscosity of CuO 

(0.02 and 0.1 wt%) is 53.9% and 54.2% respectively. So, the result shows that the viscosity of nanofluid (CuO) increases with 

increment in nanoparticles concentration. 
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Figure 6 Comparison between viscosity of distilled water and CuO nanofluid at different temperature 

 

Table 3 Comparison between the viscosity of Distilled Water and CuO Nanofluid 

S. 

No. 

Temperature 

(˚C) 

Viscosity of Distilled Water 

(mPa.sec) 

Viscosity of nanofluid CuO (0.02 wt 

%) (mPa.sec) 

Viscosity of nanofluid CuO (0.1 wt 

%) (mPa.sec) 

1. 30 0.7512 0.8052 0.8413 

2. 40 0.5813 0.6173 0.6394 

3. 50 0.4865 0.5137 0.5273 

4. 60 0.4042 0.4244 0.4357 

5. 70 0.3840 0.3966 0.4168 

6. 80 0.365 0.3748 0.3885 

 

V. CONCLUSIONS 

An experimental study has been performed using CuO (0.02 

and 0.1 wt%) nanoparticles in the base fluid. The viscosity of 

the nanofluid is studied in the temperature range (30ºC to 

80ºC). The conclusions of the study are as under: 

 The TEM result shows flower-shaped images of 

nanoparticles. UV-VIS spectroscopy shows a maximum 

absorbance of 3.53 at about 300 wavelength.  

 The result shows that with increasing concentration, 

viscosity of the nanofluids goes on increasing and found 

to be decreasing with increase in temperature. For 

application at high temperature environment with 

increment in temperature, decrement in viscosity of 

nanofluids is desirable.  

 The change % in viscosity of distilled water is 51% and 

in viscosity of CuO (0.02 and 0.1 wt%) is 53.9% and 

54.2% respectively. So, the result shows that the 

viscosity of nanofluid (CuO) increases with increment in 

nanoparticles concentration.  

 Nanofluids showing different traditions in the 

applications of thermal organization systems. As the 

nanofluid cost is too high, therefore it resists using it a 

large number of applications, so we should made efforts 

to reduce the cost of nanofluid so that it can be used in 

large number of applications.  

 To understand the part of viscosity in nanofluids, more 

studies are required and the impact of different statistics 

and conditions on viscosity need to be studied.  

 At high temperature range testing of viscosity is required 

for changes in viscosity of nanofluid. 

Nomenclature 

    Nanoparticle volume fraction 

µ = Viscosity (Pa s) 

nf = Nanofluid 

bf = Base fluid 

    Maximum packing fraction 
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