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Abstract: The performance of the Alumina/water and copper oxide/water nanofluids in a heat 

exchanger is experimentally investigated for particle weight concentrations ranging from 0.02 wt% to 

0.5 wt%. The alumina/water and copper oxide/water nanofluids were prepared using two-step methods 

in an aqueous solution with 0.01 wt% CTAB (Cetyl Trimethyl Ammonium Bromide) as a surfactant at 

different concentrations and were characterized using HRTEM (High-Resolution Transmission 

Electron Microscopy) technique. Laminar forced convective heat transfer analysis using alumina and 

copper oxide nanoparticles suspended in water in a circular horizontal tube under constant heat flux 

boundary conditions was performed. The effect of various flow conditions and weight concentrations 

in the local heat transfer coefficient and pressure drop of both the nanofluids were investigated. 

Reynolds number varied from 1275 to 2200. Results show that 12.7 & 14.5 % thermal performance 

enhancement was observed with 0.5 wt% of Al2O3 and CuO nanofluids. Maximum, 50.62 % 

enhancement was observed in the average heat transfer coefficient by Al2O3 nanofluids, whereas 52.74 

% was observed using CuO nanofluids using 0.5 wt% concentrations of the nanofluids and at Reynolds 

number of 2200. Correlations were proposed for thermal conductivity, viscosity, and Nusselt number 

for both the nanofluids with the maximum and minimum deviations of  ±9 % and  ±10 %, respectively. 

Keywords: Al2O3 nanofluids; CuO nanofluids; Laminar flow; copper tube; thermal conductivity; 

viscosity; heat transfer; pressure drop. 
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1. Introduction 

In recent times, heat transfer has played a significant role in highly developed 

technologies like microelectronics, air conditioning, power generation, mechatronics, food 

processing, and oil and gas industries [1-7]. The latest trends in advanced semiconductor 

techniques and ever-increasing customer demands for products with more proficiency have 

resulted in the development of electronic devices that have miniature size, improved 
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computational speed, better performance, and high power densities [8-12]. Due to these 

advanced features, thermal management of these electronic devices becomes crucial as the 

overheating of devices affects the lifetime, reliability, and overall performance, leading to 

thermal breakdown [13]. Since various remarkable technologies, including thermoelectric 

cooling, phase change material base cooling, heat pipe, and pump-based cooling, have been 

done in the last few years, still there are challenging issues in managing the electronic and 

electrical devices [14]. To perform over the heating effect of electronic devices, dielectric 

coolants, including fluorocarbons and liquids (silicon-based and aliphatic), possess better heat 

transfer properties in comparison with the non-dielectric conventional coolants (oils, water & 

ethylene glycol) [15]. But studies revealed that these cooling materials are not effective and 

efficient in the case of heat-generating devices [16]. Lower heat transferring capacity remains 

a limitation for these fluids. So, developing heat transfer fluids that possess better efficiency is 

the need of the hour to tackle thermal management in these devices [17]. 

Nikelham et al. [18] utilized and stimulated the forced convection of alumina/water 

nanofluid inside a magnetic field using circular cylinder geometry. Discretization of energy 

and naviers stokes equations were done using FEM (Finite element method). To examine the 

thermophysical properties of the nanofluid, an experimental model was used as a function of 

temperature, volume fraction, and nanoparticle diameter. An increment in Nusselt number was 

observed with an increase in Reynolds number and magnetic field. Plant et al. [19] examine 

the effect of nanofluid concentration on the possible heat transfer using various heat sinks 

possessing porous media. Their work includes an experimental and numerical investigation 

into the effect of aluminum oxide on the system's thermal performance. Using high (1% vol.) 

nanofluids paired with different channel designs resulted in an average 15 % and a maximum 

24 % thermal enhancement. Kumar et al. [20] work aims at the preparation of nanofluids using 

Al2O3 nanomaterials as a dispersant in (80:20) solar glycol/water mixture and investigating the 

thermophysical properties at various volume percentages. The stability of the prepared 

nanofluids was checked using zeta potential, visual inspection, and UV VIS spectrometer 

(Ultraviolet-visible spectroscopy). Thermal conductivity was found augmented by 26.36 % at 

a volume concentration of 0.45 % at a temperature of 300C, and viscosity increment was 

observed by nearly 1.85 times compared to SG–water (Solar Glycol-water) mixture. The 

confounded associations between nanoparticles of various sizes on the rheological attributes of 

crossover nanofluids, Al2O3-Cu/W half breed nanofluids with volume parts of 0.3-1.5 vol% 

were contemplated in the review introduced by Ma et al. [21]. Different sizes of Al2O3 

nanoparticles ranging from 20-50nm and Cu nanoparticles of 50nm were used. Viscosity was 

found to increase along with an increase in the volume concentration of the nanofluids. Higher 

viscosity was observed in the Hybrid nanofluids compared to the mono nanofluids. Amjadian 

et al. [22] experimented to understand the effect of several factors like nanofluid concentration, 

Reynolds number on fluid flow, and heat transfer characteristics for cooling an aluminum disk 

with constant heat flux. Experiments showed that the heat transfer efficacy of the system 

increased by 45 % at a concentration of 0.07 % using the Reynolds number of 7330. Uddin et 

al. [23] conducted an experimental study of thermal, flow forms, and local Nusselt number for 

different appropriate parameters in alumina water nanofluid. Results indicate that increasing 

the Rayleigh number from 105 to 106 increases the heat transfer rate to 72.78 %. Also, 

comparing the heat transfer results of the nanofluid having a volume fraction of 0.6 % with 

base fluid, the heat transfer rate can be increased by 10.42 %. 
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Akhavan et al. [24] studied thermo rheological properties and heat transfer behavior of 

copper oxide- heat transfer oil and observed a maximum 32 % enhancement in Nusselt number 

using 1.5 % CuO nanoparticles. Heris et al. [25] conducted an experimental study to examine 

the convective heat transfer using alumina/water nanofluid in a horizontal tube. Convective 

heat transfer was found to be increased by about 40 % using a mass concentration of 2.5 and a 

Peclet number value of 6000. Relocation, motion, and collision were considered the 

fundamental variables behind heat move upgrades. An experimental study on pressure drop 

and heat transfer characteristics using CuO- based oil nanofluid in helical coil geometry was 

performed by Hashemi et al. [26]. Reports stated the 30 % enhancement in heat transfer and 

18 % increase in the pressure drop. Kannaiyan et al. [27] were the first to study the 

thermophysical properties of cupric oxide and alumina nanoparticles hybrids using water/water 

EG (Ethylyn glycol)-based fluids with different fractions and temperatures. Almost 25 % 

improvement in warm conductivity was noticed utilizing the half-breed nanofluids at a 

temperature of 70°C. 

Although numerous experimental and theoretical research articles have been published 

by several researchers in the last decade regarding the synthesis of different nanofluids, 

thermophysical properties of nanofluids, heat transfer with different boundary conditions, but 

still systematic and organized studies are required. Some articles regarding methods of 

synthesis of Al2O3/water and CuO/water nanofluids and their thermal analysis in heat transfer 

equipment/heat exchangers have been published. However, a number of works have been going 

on the thermal and thermohydrailic performance of such nanofluids but are limited to the 

analysis of physical behaviors. So there is a need for an investigation regarding heat transfer 

analysis using these Al2O3/water and CuO/water nanofluids using constant heat flux boundary 

conditions and the development of correlations for such properties of these nanofluids. In this 

context, fluids having outstanding heat transfer capabilities, i.e., nanofluids, were developed. 

The current work depends on heat move examination involving consistent hotness transition 

limit conditions in a round tube utilizing alumina/water and CuO/water nanofluids. These fluids 

proved to be the potential to remove the heat from the cooling systems. Various advanced 

properties, i.e., enhanced thermal conductivity, Thermophoresis, and Brownian motion, make 

nanofluids a potential to use in several electronic and heat transfer processes. The objective of 

the present study also includes synthesizing stable nanofluids and further examining the 

thermophysical properties and the heat transfer properties of the stabilized Al2O3/Water 

CuO/Water nanofluids. This study deals with the investigation of different factors influencing 

the thermophysical properties of Al2O3/Water, CuO/Water nanofluids, the effect of increasing 

weight fraction, thermal benefits of utilizing water-based aluminum oxide and copper oxide 

nanofluids, and the development of new correlations for estimating thermal conductivity, 

viscosity, and the Nusselt number using constant heat flux condition, for which no experimental 

investigation has been reported previously in the literature. The novelty of this work is based 

on extracting the experimental data for the prepared nanofluids and presenting new correlations 

for Nusselt number and thermophysical properties for a circular tube. 

2. Materials and Methods 

2.1. Nanofluids preparation and stability. 

In the present experimental study, Al2O3 and CuO solutions were used in different 

weight proportions ranging from 0.02, 0.05, 0.1, 0.2, and 0.5 wt% concentrations. The average 
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particle size from 10 mm to 30 mm was used in the experiments. The synthesis method of the 

nanofluids has been demonstrated in previous research [28]. To ensure the proper mixing, a 

magnetic stirrer and a bath and probe sonicator were used. However, CTAB (Cetyl Trimethyl 

Ammonium Bromide) surfactant was also used to prevent the solution from any kind of 

agglomeration or sedimentation. Surfactant ensures the stability of the solution for some days. 

The solutions were kept for about two months to check sedimentation.  

2.2. Characterization techniques. 

Characterization techniques involve different tests, including HRTEM (High-

Resolution Transmission Electron Microscopy), EDS (Energy-Dispersive X-ray 

Spectroscopy), and UV Spectroscopy. These tests are useful in understanding the nanopowders' 

complete physical structure and morphology. The respective transmission electron microscopy 

images of copper oxide nanopowder samples have been found during the experimentation, as 

shown in Figure 1. Results for various characterization techniques have been shown in [28] 

and [29]. 

    

  
Figure 1. Transmission electron microscopy images of Copper Oxide nanopowder samples. 

3. Results and Discussion 

3.1. Thermophysical properties. 

3.1.1. Thermal conductivity. 

The measurements for thermal conductivity were carried out using KD2 Pro (Decagon 

Instruments). First, the accuracy of the results was checked using the distilled water samples. 

Experimental research was carried out three times, and the average value was determined for 

taking as reference. Thermal conductivity for both the nanofluids was measured from 30°C to 

80°C temperature range. For validating the thermal conductivity results, a comparison was 

made with the Ramires et al. [30] and data book results (a handbook for thermal conductivity 
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is there to check the thermal conductivity value of different substances and mixtures). 

Comparison with the results has already been shown in [31].  

Aluminum oxide nanofluids showed an increasing drift in the thermal conductivity with 

temperature and weight concentration. Aluminum oxide nanofluids with 0.02 wt% showed 

2.8% enhancements in the thermal conductivity at 30°C and 7.2 % at 80°C in comparison with 

the distilled water. Similarly, 3.4% and 8.3% enhancements in the thermal conductivity were 

achieved by 0.05 wt% alumina nanofluids at 30°C and 80°C, respectively. This value increases 

up to 4.1 % and 9.4 % in the case of 0.1wt % nanofluids at 30°C and 80°C. However, at the 

same temperature, an increment of 5.6 % and 10.9 % was observed in the nanofluids with 0.2 

wt%. The highest increment observed by alumina nanofluids was 12.7 % at 80°C in comparison 

with the distilled water. 

The highest increasing trend can be observed using the copper oxide nanofluids. CuO 

nanofluids with 0.02 wt% increased 4.2 % and 8.5 % at 30°C and 80°C, respectively. This 

value goes higher on increasing concentration. Highest enhancement was observed at 80°C was 

9.6 % (0.05 wt%), 10.6 % (0.1 wt%), 12 % (0.2 wt%) and 14.5 % (0.5 wt%) of nanofluids. 

The prime reasons behind the increased thermal conductivity of the nanofluids are 

liquid layering at the interface of liquid and particle, Brownian motion of the particles, heat 

transfer mode in nanoparticles, and nanoparticles clustering effect [32,33]. 

3.1.1.1. Thermal conductivity ratio. 

It is defined as the ratio between the nanofluid’s thermal conductivity with respect to 

the thermal conductivity of the base fluid, distilled water.  

 
(a)                                                                           (b) 

Figure 2. Thermal conductivity of (a) Al2O3 and (b) CuO nanofluids. 

 
(a)                                                                         (b) 

Figure 3. (a) Thermal conductivity ratio graphs of Aluminum oxide and (b) copper oxide nanofluids (water). 

The present study deals with the thermal conductivity of both Al2O3 and CuO 

nanofluids at different concentrations (up to 0.5 wt%) and temperatures ranging from 30°C to 
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80°C, as shown in Figure 2 (a-b). The graphical representation of the percentage enhancement 

of thermal conductivity ratios for nanofluids at various weight concentrations regarding 

distilled water at the same temperatures is shown in Figures 3 (a-b). Here, the thermal 

conductivity increased with particle concentration and with temperature. 

3.1.2. Viscosity. 

In a similar manner, the viscosity of nanofluids was measured after validating with the 

existing literature. Once the literature results were validated, nanofluids samples with different 

weight concentrations for both the nanofluids were measured. 

The results show the increasing trend in viscosity of the nanofluids with an increase in 

the weight concentration. This can be explained as because the increase in concentration 

directly influences the internal shear stress of the fluid [34]. Further, the results show that the 

viscosity shows decrement with the increase in the temperature. This is because adhesion forces 

between particles and molecules become weak [35].  

The highest increasing trend was observed using the copper oxide nanofluids. CuO 

nanofluids with 0.02 wt% increased 7.2 % and 2.7 % at 30°C and 80°C, respectively. This 

value goes higher on increasing concentration. Highest increment observed at 30°C was 9 % 

(with 0.05 wt%), 12 % (with 0.1 wt%,), 17 % (with 0.2 wt%) and 25 % (with 0.5 wt% 

concentrations) of nanofluids. (See Figure 4 (a)). 

Aluminum oxide nanofluids with 0.02 wt% showed a 4.2 % increase in the viscosity at 

30 °C in comparison with the distilled water. Similarly, a 6.2% increment in the viscosity was 

achieved by 0.05 wt% aluminum oxide nanofluids at 30°C. This value increases up to 8.7 % in 

the case of 0.1 wt% nanofluids at 30°C. An increment of 13.4 % was observed in the nanofluids 

with 0.2 wt% at the same temperature. The highest value of viscosity observed by aluminum 

oxide nanofluids was 15.7 % at 30°C and 9.9 % at 80°C in comparison with the distilled water. 

(See Figure 4 (b)). Also, it has been found that viscosity decreases with an increase in 

temperature and is found to increase with an increase in particle concentration. 

At the temperature range of 300C to 700C, the thermal conductivity increases along with 

the temperature rise. The prime reasons behind the increased thermal conductivity of the 

nanofluids temperature range of 300C to 700C are the Brownian motion of the particles and 

liquid layering at the interface of liquid and particle.  

 
(a)                                                                        (b) 

Figure 4. (a) Viscosity of Aluminum oxide and (b) copper oxide nanofluids. 
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evaporating, i.e., changes from a liquid state to a vapor state. The base fluid used in the study 

is water; the complete liquid evaporates at higher temperatures, and only solid nanoparticles 

are left down in the sample. 

 

3.1.2.1. Viscosity ratio. 

 

The viscosity ratio of Aluminum oxide and Copper oxide nanofluids concerning base 

fluid, i.e., distilled water, was calculated—the percentage increment of relative viscosity of 

both nanofluids viz. Aluminum oxide and Copper oxide nanofluids having different 

concentrations and at different temperatures concerning distilled water have been graphically 

represented by Figures 5 (a-b). 

 
(a)                                                                             (b) 

Figure 5. (a-b). Viscosity ratio graphs of Aluminum oxide and copper oxide nanofluids in the temperature range 

(30°C to 80°C) concerning water. 

3.1.3. Correlations (proposed) for thermophysical properties. 

Based on the present experimental results, correlations have been developed separately 

for nanofluids to predict thermal conductivity and viscosity. These correlations have been 

developed using the regressions analysis method for the predicted data for the present work. 

The correlation developed for thermal conductivity of aluminum oxide (Al2O3/DI 

water) ( Al2O3/Deionized water) nanofluid is as under: 

                                              (1) 

In the same way, the correlation developed for copper oxide (CuO/DI water) nanofluids 

is 

                                (2) 

Where KAl2O3 = Thermal conductivity of Al2O3/DI water nanofluid, 

K CuO is the thermal conductivity of CuO/DI water nanofluids, and ψ is the weight concentration 

of the nanofluids. 

Similarly, Correlations were also developed for the viscosity of both nanofluids by 

using the regression analysis method. 
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In the same way, the correlation developed for the viscosity of the copper oxide 

nanofluids is 

                                                (4) 

Where, µAl2O3 is the viscosity of aluminum oxide (Al2O3/DI water) nanofluid and µCuO is the 

viscosity of copper oxide (CuO/DI water) nanofluids.  

Based on the above-derived correlations for thermal conductivity and viscosity 

properties of aluminum oxide and copper oxide nanofluids, deviation graphs have been plotted 

to show the proper and acceptable deviation range between the experimental and predicted 

values. It has been shown in Figures 6 (a-b) and 7 (a-b) for the respective values of thermal 

conductivity and viscosities of aluminum oxide and copper oxide nanofluids. And the 

maximum and minimum deviations between the experimental and predicted ones have been 

found in the range of  ± 10 % for both the respective studies, which is within the acceptable 

range. 

 
(a)                                                                       (b) 

Figure 6. Predicted value Vs. Experimental value graph of thermal conductivity results for (a) Aluminum 

Oxide/water and (b) Copper Oxide nanofluids. 

 
(a)                                                                   (b) 

Figure 7. Predicted value Vs. Experimental value graph of viscosity results for (a) Aluminum Oxide/water and 

(b) Copper Oxide/water nanofluids. 

3.2. Heat transfer results. 

The complete description of the experimental setup, data validation, and validation test 

with water has already been explained in [31]. 
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To examine the convective heat transfer of the Al2O3 and CuO nanofluids, experiments 

were carried out in circular tubes using different weight concentrations of both nanofluids. 

Figure 8(a-d) demonstrates the local heat transfer using aluminum oxide nanofluids in different 

weight concentrations ranging from 0.02 to 0.5 wt% at four fixed values of Reynolds number. 

A laminar flow regime was used in the experimental study. The highest enhancement rate was 

observed at the inlet or entrance of the test section. But as we approached the length of the tube, 

a noticeable reduction in the heat transfer enhancement occurred. The real phenomenon behind 

this reduction is the boundary layer theory. As the value of thermal resistance remains less at 

the test section entrance, higher values of heat transfer can be observed at the entrance region 

of the test section. But on the axial movement of the test section, the development of the thermal 

boundary layer occurs, resulting in the thermal resistance increment. This thermal resistance 

increment further leads to the decrement of the heat transfer coefficient. Experimental results 

clearly state that heat transfer enhances the nanofluids, and better outcomes can be attained 

with increased weight concentrations of the nanofluids. Maximum enhancement in convective 

heat transfer coefficient obtained for 0.5 wt.% of nanofluid enhanced in the rate of 45.79 %, 

48.14 %, 49.92 %, and 50.62 % for Re = 1275, 1500, 1875, and 2200 respectively concerning 

the base fluid. 

             
(a)                                                                                           (b) 

 

(c)     (d) 

Figure 8. Convective Heat transfer (local) (a-d) for aluminum oxide nanofluid along the test section length at 

different weight concentrations. 

 

Similarly, Figures 9 (a-d) depict the convective heat transfer coefficient variation of 
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rate of  49.13 %, 50.69 %, 51.69 % and 52.74 % for Re = 1275, 1500, 1875 and 2200 

respectively in comparison with base fluid. Finally, it was found that heat transfer increases 

with an increase in the weight concentration of the nanofluids. 

3.2.1. Average heat transfer coefficient. 

 

Heat transfer variations for distilled water and both the nanofluids for all the five weight 

concentrations in terms of Reynolds number have been depicted in figures 10(a) and (b). The 

value found increasing along with the rise in nanoparticle concentration and increment of 

Reynolds number. Figure 10(a) shows that the highest convective heat transfer co-efficient 

enhances by 55.33% for 0.5 % weight concentration in the case of alumina/water nanofluids at 

the Highest Reynolds number. Similarly, CuO/water nanofluids showed a maximum 

percentage enhancement of 63.68% at the highest weight concentration at Re = 2200 compared 

to base fluid, i.e., water (figure 10(b)).   

 
(a)     (b) 

 
(c)     (d) 

Figure 9. Convective Heat transfer (local) (a-d) for copper oxide nanofluid at different weight concentrations.  

 
(a)                                                                               (b) 

Figure 10. Convective Heat Transfer Coefficient variations using (a) Alumina/water nanofluid and (b) copper 

oxide-water nanofluid. 
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in the nanoparticles helps improve the rate of energy exchange, resulting in fluid temperature 

adjoining the copper tube. Hence, the temperature gradient increases near the wall of the tube. 

This enables the enhancement of heat transfer using nanofluids compared to distilled water. 

 

3.3. Pressure drop results. 

Figure 11(a) shows the variation in the measurements of pressure drop at different 

values of Reynolds number by using different aluminum oxide nanoparticles weight fractions. 

It is observed that an increment in pressure drop occurs as the weight fraction of nanoparticles 

increases because of the increase in the viscosity of the nanofluid. It can be clearly observed 

that using 0.5 wt% aluminum oxide nanofluids, pressure drop was found to be about 63.63 % 

more at Reynolds number of 2200 compared to the base fluid. This increment becomes 56.85 

at Re =1875, 53.25 % at Re = 1500 and 52 % at Re = 1275 respectively. Similarly, pressure 

drop characteristics of the different weight concentrations of the CuO nanofluids are shown in 

figure 11(b). It can be observed from the figure that pressure drop using the highest weight 

concentration with copper oxide nanofluids is about 44.824 % higher at Reynolds number of 

2200 in comparison with the base fluid. This increment becomes 44 at Re =1875, 40.25% at 

Re = 1500 and 20 % at Reynolds number 1275 respectively. 

3.4. Nusselt number correlations. 

After several studies, correlations were developed separately for each nanofluid inside 

a tube under laminar flow conditions. Correlations are a function of wt. Fraction of 

nanoparticles, Prandtl number, and Reynolds number. Nonlinear regression analysis was done 

to develop the correlations. 

 
(a)    (b) 

Figure 11. Pressure drop variations at different concentrations using (a) Aluminium oxide and (b) Copper Oxide 

nanofluids at different values of Reynolds number  
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The above correlations hold their validity for 2200 ≥ Re ≥ 1275, 5.06 ≥ Pr ≥ 3.6 and 

0.5 % ≥ ψ ≥ 0.02 % for the working fluids used in this study.  

The assessment of current experimental values and those values calculated by the 

present correlations have been drawn in figures 14(a) and (b) for aluminum oxide and copper 

oxide nanofluids, respectively. Figures 12(a) and (b) clearly show the deviation in the measured 

data falling within the ± 9 % from the present correlation for the Nusselt number. 

 
(a)    (b) 

Figure 12. Graphical comparisons between the experimental values and those computed by correlations for (a) 

Alumina /water nanofluids and (b) Copper Oxide nanofluids. 

4. Conclusions 

Characterization techniques supported the nanometric size of the nanoparticles. While 

experimenting with aluminum oxide nanofluids, the highest 12.7 % increment in thermal 

conductivity was observed, while copper oxide nanofluids showed a 14.5 % increment at 80°C 

when compared with the distilled water. When the viscosity was considered, aluminum oxide 

nanofluids showed a maximum 15.7 % increment, while copper oxide nanofluids showed a 25 

% increment at 30°C when compared with the distilled water. Using aluminum oxide 

nanofluids, the highest 50.62 % augmentation in average convective heat transfer coefficient 

was obtained for 0.5 wt.% of nanofluid enhanced at Reynolds number = 2200 with axial 

position (x/D= 21.25). Copper oxide nanofluids showed maximum enhancement with   52.74 

%. The pressure drop penalty was found to be 56.85 % in the case of aluminum oxide 

nanoparticles at Reynolds number 2200. A minimum pressure drop penalty was observed with 

copper oxide nanofluids at 44.824 %. Correlations were developed for thermophysical 

properties and Nusselt number for Al2O3/water and CuO/water nanofluids. The maximum and 

minimum deviations between the experimental and predicted ones have been found in the range 

of  ± 10 % for both the respective studies of thermal conductivities and viscosities of aluminum 

oxide and copper oxide nanofluids, which is within the acceptable range. The deviation in the 

measured data falls within the ± 9 % from the present correlation for the Nusselt number. 

Although this research investigated heat transfer performance by the nanofluids, 

additional work is equally important and necessary. Further work that would greatly 

complement this work would be the investigation of both these nanofluids to provide available 

means of heat transfer enhancement in the industrial sector, including electronics, solar 

collectors and automotive sector, defense, etc., such that commercialization of the work could 

be carried out. 
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