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 This study experimentally examined the thermo-physical 

properties and thermal performance of CuO nanoparticles in 

water-based fluids and ethylene glycol. Four concentrations of 

nanofluids (1-4 volume percent) were prepared in the base fluids 

using an electric mixer, magnetic stirring, and ultrasonic 

oscillation, with a surfactant added to enhance stability.To 

measure the thermo-physical properties, the thermal conductivity 

was assessed.The findings demonstrated that adding 1% by 

weight of sodium dodecyl sulfate (SDS) to the CuO-water mixture 

stabilized the nanofluid for 20 days, resulting in a zeta potential of 

37.7 mV, indicating good stability. Additionally, as the volume 

fraction of nanoparticles increased in the base fluid, there was an 

increase in thermal conductivity, density, steam pressure, and 

heating curve slope, while surface tension decreased. Moreover, 

with higher temperatures, the thermal conductivity and specific 

heat of water increased, whereas the density, viscosity, and 

specific heat of the nanofluid decreased with varying volume 

fractions. Such insights contribute to the broader understanding 

of nanofluid behavior, laying the groundwork for their application 

in enhanced thermal management systems. 

Received:  02.20.2025 
Revised:     04.11.2025 
Accepted:  11.04.2025 

 

Keyword:  
CuO 
Nano-fluid  
Nanoparticles  
Thermal Conductivity  
Thermo-physical Properties 

*Corresponding Author:  
Bahman Rahmatinejad  
Email:  
brahmati@tvu.ac.ir 

 

 

https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/3060-6357
https://jear.tvu.ac.ir/
https://www.doi.org/10.48301/jear.2025.507075.1095
https://orcid.org/0000-0001-6191-4496
https://orcid.org/0000-0001-8335-1778
https://orcid.org/0000-0002-5021-4985


Bahman Rahmatinejad and et al.            Analysis of thermophysical properties of CuO nanopar… 

 

Introduction 
For over a century, scientists and engineers have worked diligently to improve the 

thermal conductivity of traditional fluids, which is inherently low. This effort began 

with the dispersion of solid particles in fluids, initially using millimeter- and 

micrometer-sized particles, and has evolved to include solid nanoparticles. Today, 

nanofluids present a promising alternative to standard fluids like water and oil [1]. The 

introduction of nanoparticles significantly enhances the heat transfer properties of 

these nanofluids, leading to increased interest from researchers due to their unique 

characteristics and potential for improved thermal performance [2;3]. 

Numerous studies have investigated the factors influencing the heat transfer 

capabilities of CuO nanofluids. In 1995, Choi [2] was the first to demonstrate in a 

laboratory setting that combining solid metal and non-metallic nanoparticles with a 

base fluid could markedly enhance its thermal conductivity, coining the term 

"nanofluid" for the resulting suspension. Following Choi's work, many researchers 

have concentrated on improving the thermal properties of nanofluids [4]. Several key 

studies include. Das et al. (2007) explored the thermal behavior of water mixed with 

copper oxide and aluminum oxide nanofluids at varying temperatures, concluding that 

higher temperatures lead to increased thermal conductivity [5].Mostafizur et al. (2014) 

examined the viscosity of Al₂O₃ nanofluid as temperature changed, finding that rising 

temperatures enhance the Brownian motion of nanoparticles and reduce liquid 

adhesion, thereby lowering viscosity [6]. Khodaei (2020) investigated a 

mechanochemical reaction in a non-stoichiometric Fe₂O₃-Al system (a mixture of 

Fe₂O₃, Al, and Fe powders) to create a Fe₃Al-30 vol.% Al₂O₃ nanocomposite. X-ray 

diffractometry (XRD) and transmission electron microscopy (TEM) were used to 

monitor the reaction progress. While XRD showed no evidence of the Al₂O₃ phase, 

TEM confirmed its crystalline structure. The higher mass absorption coefficient of the 

Fe₃Al matrix reduced the diffraction intensity of the lower mass absorption coefficient 

components, like Al₂O₃. High-temperature treatment resulted in crystallite growth and 

reduced lattice strain, allowing for the detection of Al₂O₃ by XRD [7]. Ni et al. (2017) 

studied the impact of an Al₂O₃ coating on nickel, finding that the coated material 

exhibited greater stiffness and abrasion resistance compared to pure nickel [8]. Kračun 

et al. (2017) investigated the influence of Al₂O₃ nanoparticle size on stainless steels, 

adding three volume fractions (0.5, 1, and 2.5) during conventional casting. Their 

results indicated that both particle size and concentration affected distribution [9]. 

Pugalenthi et al. (2019) examined the reinforcing effects of SiC and Al₂O₃ on 

aluminum composites, producing four samples via casting and demonstrating that the 

reinforcement materials enhanced tensile strength, resistance, and hardness 

[10].Rahmatinejad et al. (2022) conducted an experimental evaluation of heat transfer 

in the MF 285 tractor radiator using a nanofluid based on water. Their findings 
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revealed that over 30% of the engine's heat energy is transferred by the cooling system. 

They identified two methods to improve heat transfer in automotive engines: 

optimizing radiator geometry and utilizing fluids with superior thermal properties. 

This research specifically examined the enhancement of radiator thermal performance 

by employing nanofluids in a laboratory model, exploring the effects of nanoparticle 

volume fraction and cooling flow rate on the heat transfer rate and coefficient [11]. 

Ajeeb et al. (2023) investigated the heat transfer performance of Al₂O₃ nanofluids in 

a compact plate heat exchanger (PHE). This study experimentally assessed the 

performance of a gasketed PHE using Al₂O₃ nanofluids at various low concentrations 

(0.01, 0.05, 0.10, 0.15, and 0.20 vol%) mixed with distilled water (DW) and ethylene 

glycol (EG) at two concentrations (15% and 30% EG) across several flow rates (0.03–

0.093 l/s). Results indicated that heat transfer improved with increasing nanoparticle 

concentration, peaking at a 27% enhancement for the 0.2 vol% DW-based Al₂O₃ 

nanofluid while experiencing an 8% increase in pressure drop. This enhancement was 

lower for higher percentages of EG, with a 19.1% increase for the 0.2 vol% in 30% 

EG nanofluid. Additionally, the energy efficiency factor rose with the addition of 

Al₂O₃ nanoparticles and increased flow rates, reaching a maximum of 1.3 at the 

highest particle concentrations [12]. Rahmatinejad et al. (2021) examined the thermo-

physical properties and thermal performance of Al₂O₃ and CuO nanoparticles in water 

and ethylene glycol-based fluids. Their research indicated that increasing nanoparticle 

volume fraction, elevating temperature, and reducing nanoparticle diameter 

contributed to a higher thermal conductivity coefficient. They also found that the 

density of the fluid increased with nanoparticle volume fraction, noting that CuO-water 

nanofluid exhibited a higher density than the Al₂O₃-water mixture at equivalent 

fractions. The superior thermal properties of the base fluid enhanced the nanofluid's 

thermal conductivity [13]. Wanatasanappan et al. (2020) focused on the 

thermophysical properties of Al₂O₃-CuO hybrid nanofluids at various nanoparticle 

mixture ratios. They prepared a stable suspension with four distinct mixture ratios of 

20:80, 40:60, 50:50, and 60:40 at a volume concentration of 1.0%. Thermal 

conductivity and viscosity were measured within a temperature range of 30°C to 70°C, 

revealing the highest thermal conductivity for the 60:40 ratio, with a maximum 

enhancement of 12.33% compared to the base fluid. Furthermore, viscosity decreased 

with rising temperature. Zeta potential analysis indicated that the hybrid sample with 

a 50:50 ratio exhibited moderate dispersion stability. A new correlation was proposed 

to predict the thermal conductivity of Al₂O₃-CuO hybrid nanofluids with an accuracy 

of 95%, and experiments demonstrated that the hybrid nanofluid performed 

significantly better thermally than the base fluid [14]. In another study, Rahmatinejad 

(2022) experimentally analyzed the thermo-physical properties and thermal 

performance of Al₂O₃ nanoparticles in water-based fluid and ethylene glycol within a 

temperature range of 20°C to 50°C. Results indicated that adding 1% by weight of 
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sodium dodecyl benzene sulfonate (SDBS) stabilized the Al₂O₃ + H₂O nanofluid for 

22 days, achieving a zeta potential of 37.7 mV, which indicated good stability. The 

study showed that increasing nanoparticle volume fraction in the base fluid raised 

thermal conductivity, density, vapor pressure, and heating curve slope, while reducing 

surface tension. With rising temperature, thermal conductivity and specific heat of 

water increased, whereas the density, viscosity, and specific heat of the nanofluid 

decreased with different volume fractions. Additionally, increasing nanoparticle 

diameter led to decreased thermal conductivity and increased surface tension of the 

nanofluid [15]. The growing use of nanofluids, known for their advanced thermal 

conductivity properties, across various industries necessitates a thorough 

understanding of their thermo-physical characteristics. Despite the limited 

comprehensive studies in this area and the inadequacy of classical models to precisely 

determine the thermal conductivity coefficients of nanofluids which have often yielded 

conflicting results this research aims to fill that gap. It involved laboratory 

determinations of these properties, which were then compared with established sources 

to evaluate the accuracy of the findings. Applications for nanofluids include heat 

exchangers, oscillating heat pipes, chillers, solar water heating systems, automotive 

engine cooling, electronic component cooling, and nuclear reactor cooling. This study 

primarily investigates the thermo-physical properties and thermal performance of CuO 

nanoparticles in water and ethylene glycol at various temperatures and volume 

fractions.  

 

Materials and methods 
Synthesis of CuO Nanoparticles 

Recent methods for preparing nanocrystalline CuO include the sonochemical 

method [16], sol-gel technique [17], one-step solid-state reaction at room temperature 

[18], electrochemical method [19], thermal decomposition of precursors [20], and co-

implantation of metal and oxygen ions [21]. All reagents used in these experiments 

were of analytical purity. The preparation process is illustrated in Figure 1. 
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Figure 1. Preparation process of CuO aqueous nanofluids 

The synthesis involves the following chemical reactions in solution: 

 2

2
Cu 2NaOH Cu OH 2Na     (1) 

  22
Cu OH CuO H O

 
(2) 

An aqueous solution of copper acetate (0.02 mol) is prepared in a round-bottom 

flask. To this solution, 1 ml of glacial acetic acid is added and heated to 100°C with 

constant stirring. Approximately 0.4 g of NaOH is then added until the pH reaches 6-

7, resulting in the immediate formation of a significant amount of black precipitate. 

The mixture is centrifuged and washed 3-4 times with deionized water. The resulting 

precipitate is dried in a hot-air oven for 24 hours, filtered using Whatman filter paper, 

and then ground into powder with a mortar for characterization and experimental 

analysis. 

 Table 1. The elemental analysis of CuO nanoparticles. 
Elements (ppm) 

Ba Cd Co Zn Sr Ca K p Mg Fe Pb Mn 

0.75 2.5 6.4 195 2.3 400 300 300 75 87 90 3.5 

Table 2. Specifications of surfactants. 
sulfonate Molecular 

formula 

  Formula structure Molecular 

Weight 

(g/mol) 

Density 

(
3

g

cm ) 

sodium 

dodecyl 

sulfate [22] 

12 25 4NaC H SO
 

 

288.372 1.01 

 

Transmission electron microscopy (TEM) and scanning electron microscopy 

(SEM) images were obtained to analyze the structure and morphology of the 
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nanoparticles. TEM images were captured using a H9500 transmission electron 

microscope, while SEM images were taken with a HITACHI Su3500 scanning 

electron microscope (Fig. 2). 

 
Figure 2. (a) CuO Nanoparticles, (b) CuO Nanofluids (c) TEM image of CuO 

nanoparticles with the histogram, (d) X-Ray diffraction (XRD) pattern of the CuO 

 

Dynamic Light Scattering (DLS) and X-ray Diffraction (XRD) were employed to 

measure the nanoparticle diameter. In the DLS method, a laser beam is directed into the 

suspension, and the scattering of the laser light is detected by an optical sensor. Particles 

of different sizes scatter light differently: larger particles scatter light at smaller angles, 

while smaller particles scatter light at wider angles. This scattering creates a pattern of 

light and dark spots on the detector, which changes over time as the particles move. The 

DLS software analyzes these changes to determine the particle size distribution, with 

larger particles moving more slowly than smaller ones. The relationship between particle 

size and Brownian motion speed is described by the Stokes-Einstein equation: 

H

KT
d

3πη d
  

(3) 
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dH: Hydrodynamic Diameter of Particle, K: Boltzmann constant, η: solvent viscosity 

that depends on temperature and is not related to system density and pressure. T: 

Absolute temperature and d: Influence coefficient [23]. 

Figure 3 shows that all diffraction peaks correspond to cupric oxide (CuO), confirming 

that the products obtained are solely CuO. The characteristic peak of CuO appears at an 

angle of 38.44°, consistent with its characterization limits of 35.7° to 38.5° [24]. The 

XRD patterns indicate the formation of a single phase with high purity and crystallinity, 

as evidenced by the narrow and intense peaks [25]. The intensities and positions of these 

peaks align well with reported values (JCPDS file No. 05-661). 

In the XRD diffraction method, to determine the size of the nanoparticles, the processing 

and analysis of the X-ray return from the sample surface is examined. In the XRD 

method, the particle size is calculated from Equation 4.  

0.93 

 cos B

D
B




  

(4) 

K: Shape coefficient (for spherical nanoparticles K = 0.93), λ: X-ray wavelength, D: 

Particle diameter, B: Maximum peak width at half height, θ: The scattering angle for 

which the maximum peak is formed.  

The thermophysical properties of CuO nanoparticles are shown in Table 3. 

Table 3. Thermophysical properties of CuO nanoparticles 

CuO Material 

<20 nm Diameter 

99% Purity 

6510 
3/kg m

 
Density 

540 J/kgK Specific heat capacity 

33 W/mK Thermal conductivity 

 

The thermophysical properties of CuO nanoparticles are summarized in Table 3. The 

Energy Dispersive Spectroscopy (EDS) spectra of CuO thin film samples (Figure 3) 

clearly show peaks corresponding only to Cu and O elements. The observed atomic ratio 

of 2:1 between Cu and O suggests the presence of Cu₂O in these films; however, the 

XRD results indicate that the films predominantly consist of CuO. The XRD patterns 

also reveal peaks corresponding to metallic Cu from the Cu substrate, as the films are 
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thin. Thus, the excess Cu observed in the EDS results arises from the substrate, with no 

peaks indicating other elements beyond Cu and O. 

 

Figure 3. EDS spectra of CuO thin films prepared at substrate temperature of 30∘C 

 

To prepare the nanofluid, an electric mixer capable of adjusting speeds from 200 to 

3000 rpm was employed, followed by a magnetic shaker operating at 100 to 2000 rpm 

with a heating power of 400 W. To ensure solution stability suitable for engineering 

applications, 1% by weight of surfactant (sodium dodecyl sulfate) was added. The 

properties of the surfactants are detailed in Table 3. 

The mass of nanoparticles (m_p) and the mass of the base fluid (m_f) were measured 

accurately (0.01 g). Equation 5 can be used to estimate the weight percentage [26]. 

p

p f

m
100

m m


 
    

 
(5) 

If we show the density of nanoparticles ( np
) and the density of the base fluid with 

( bf
), we can estimate the volume concentration of nanoparticles in the base fluid from 

equation 6 [27].  
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 

np

np

np bf

np bf

W

ρ
%  φ 100

W W

ρ ρ

 
 
  
 

 
 

 

(6) 

In equation 6 the bf index is for the base fluid and np for the nanoparticles. 

Determination of thermophysical properties of nanofluid 
Determination of Thermal Conductivity Coefficient Using Maxwell- Garnett model and 

Transient Hot Wire Method  

The thermal conductivity coefficient was calculated using the Maxwell-Garnett 

model, which aligns well with the experimental data [28]. The relationship is expressed 

as: 

   
   

p f f pnf

f p f f p

K 2K 2φ K KK

K K 2K φ K K

  


  
 

(7) 

To validate the results obtained from the Maxwell-Garnett model, the thermal 

conductivity coefficient was also recalculated using the transient hot wire method. This 

method is commonly employed for the experimental measurement of thermal 

conductivity in liquids, both statically and with a linear source. In this research, the 

transient hot wire method outlined in Rahmatinejad's study was utilized to determine 

the thermal conductivity coefficient [11].The transient hot wire method allows us to 

measure k quickly and accurately, while also reducing the unwanted effects of thermal 

conductivity. The accuracy of the Hot Wire sensor was calibrated by measuring the 

thermal conductivity of pure water. The uncertainty of the measured values was 

estimated to be 1%

 . 

Density, specific heat capacity and dynamic viscosity 

The density, specific heat capacity, and dynamic viscosity of the prepared nanofluid 

can be calculated using the formulas provided in this study. The density of the 

nanofluid can be determined using the law of mixtures based on the Pak and Chow 

relation [29]: 

 nf p b b pρ 1 ρ ρ     (8) 
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nf
 is the density of the nano-fluid, bV

 is the volume of the base fluid and pV
is the 

volume of the nanoparticles. In this regard,  the volume fraction of nanoparticles, ρ 

density, and index p represent nanoparticles and b represents the base fluid. Most 

researchers use Equation 9 to determine specific heat capacity [30]. 

    

 
p p p pb p

pnf

p b p p

1 ρC ρC
C

1 ρ ρ

 

 

 


 
 

(9) 

pnfC
is the specific heat constant pressure of the nano-fluid, index P for 

nanoparticles and index b for the base fluid. Various theoretical models have been 

proposed to calculate the viscosity of nano-fluids, among which the Brinkman model 

was used in this study [31]. 

 
2.5nf

f

μ
1

μ
   

(10) 


 is the volume fraction of nanoparticles, f the dynamic viscosity of the base 

fluid, and nf
the dynamic viscosity of the nano-fluid. In order to evaluate the results 

of Equation (14), the viscosity of the nano-fluid was calculated experimentally by the 

ASTM D445-06 Ostwald viscometer. The accuracy of the devic is± 0.07 % and a 

recording discrimination of 0.1 s according. The DA130N digital portable density 

meter of KEM company of Japan was used to measure the density and the KRUSS 

K11 Tensiometer was used to measure the surface tension. 

The uncertainty in viscosity measurement was calculated based on the accuracy of 

the viscometer (±1%), the precision of the electronic balance (±0.0004 g), and the 

thermal circulator bath (±0.005 °C). The overall uncertainty was determined using the 

following equation [32]: 

2 2 2

Dynamic viscosity

μ w T
U

μ w T

      
        

    
 

(11) 

Using this equation, the maximum measurement uncertainty was found to be ±4.6%. 
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Result and discussion 

Investigation of nanoparticle sedimentation in nano-fluids 

One key factor influencing the stability of nanofluids is the formation of clusters or 

the accumulation of particles, which can lead to sedimentation. To examine the settling 

time, a mixture of CuO nanofluid and water was prepared. To enhance the stability of 

this solution for engineering applications, 1% by weight of sodium dodecyl sulfate 

(SDS) was added as a surfactant. According to stability theory, a high absolute value 

of zeta potential indicates increased electrostatic repulsion between particles, resulting 

in better suspension stability. Particles with a high surface charge are less likely to 

form clusters. Many researchers, including [33], have noted that colloidal solutions 

remain stable at zeta potentials exceeding 30 mV. A Zeta potential analyzer (ZETA-

Check model from Particle Metrix, Germany) was used to measure the zeta potential, 

utilizing 2 wt% CuO nanoparticles with a diameter of 20 nm. The experiment was 

conducted at 25 °C, with a pressure of one atmosphere and humidity at 38%. The 

highest measured zeta potential for the CuO + H2O nanofluid was 37.7 mV, indicating 

excellent stability and dispersion. 

Thermal Conductivity Coefficient 

The thermal conductivity of CuO nanofluid was tested at volume percentages of 

1%, 2%, 3%, and 4%, and the results were evaluated using the Maxwell-Garnett 

model. Both experimental data and theoretical predictions show that the thermal 

conductivity coefficient increases with the volume fraction (Fig. 4). 

 

Figure 4. Display changes in theoretical thermal conductivity coefficient by changing 

the volume deduction (CuO + water) 
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Investigating the Effect of Nanoparticle Diameter on Nanofluid Thermal 

Conductivity 

The thermal conductivity coefficient of CuO nanoparticles suspended in water was 

examined at volume fractions of 1% to 4% for nanoparticles with diameters of 8 nm 

and 25 nm, as shown in Figure 5.  

 

Figure 5.  The effect of nanoparticle size in different volume deduction on the effective 

thermal conductivity coefficient of CuO + Water 

The effect of nanoparticle size on the thermal conductivity of nanofluids is a 

complex phenomenon influenced by several factors, including the surface-to-volume 

ratio and inter-particle distance. The results indicate that smaller nanoparticle 

diameters lead to higher thermal conductivity coefficients. This is attributed to the 

increased surface-to-volume ratio, which enhances thermal contact with the fluid. As 

the diameter of nanoparticles decreases from 25 nm to 8 nm, the surface-to-volume 

ratio increases significantly. This higher ratio generally leads to enhanced thermal 

interfaces that can facilitate heat transfer, as a greater proportion of the material is 

exposed to the surrounding fluid. As the size of the nanoparticles decreases and their 

concentration increases, inter-particle distances can change. Closer proximity between 

nanoparticles can enhance conductive pathways through particle networks, positively 

impacting thermal conductivity. When nanoparticles are closer together, heat transfer 

through conduction between them can become more effective, which may offset any 

potential decrease in thermal conductivity due to size alone. The interaction of smaller 

nanoparticles with the base fluid can affect the overall viscoelastic properties of the 

nanofluid, thereby influencing the effective thermal conductivity. Specifically, 

reducing the nanoparticle diameter from 25 nm to 8 nm resulted in a thermal 

conductivity increase of approximately 12%. 
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Investigating the modifications within the Thermal Conductivity Coefficient of 

Nanofluids with the Volumetric percent of Nanoparticles 

The thermal conductivity of CuO + water was assessed at volume percentages 

ranging from 1% to 5%. The results, illustrated in Figure 6, demonstrate that the effect 

of increasing volume fraction can be either linear or nonlinear, depending on the 

system. The thermal conductivity of nanofluids is influenced by both the thermal 

conductivity of the base fluid and that of the nanoparticles. For instance, increasing the 

volume fraction of CuO from 1% to 5% resulted in an approximate 12% increase in 

thermal conductivity, consistent with findings from [34]. 

 

Figure 6.  Investigation of changes in thermal conductivity coefficient of nanofluid CuO 

+ Water with volumetric percentage of nanoparticles 

Determination of nanofluid density and specific heat 

Density measurements were conducted using a DA130N device. The results reveal 

that the density of the nanofluids is significantly higher than that of water-based fluids, 

and it increases with the volume fraction of nanoparticles. Specifically, a 9% increase 

in density was observed when the volume fraction of CuO increased from 1% to 4%. 

These findings were compared with literature sources [29; 30; 35] (Fig. 7). 
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Figure 7.   Nano-fluid density CuO + Water with volumetric percentages 1 to 4 

As temperature increases, fluids typically expand, leading to changes in density. 

However, not all fluids expand at the same rate. The impact of temperature on 

nanofluid density was further investigated, revealing that density decreases with rising 

temperature. The decrease in the density of nanofluids with increasing temperature is 

primarily attributed to thermal expansion of the base fluid, but there are other factors 

at play as well. other factors—such as nanoparticle interactions, structural changes, 

and interfacial effects—can also contribute to a lesser extent. The interplay of these 

factors can become quite complex, especially in concentrated nanofluids or under 

varied thermal conditions. Prasher and colleagues found that increasing the density of 

nanoparticles in the nanofluid reduces the heat transfer through Brownian motion due 

to increased inertia and decreased mobility of the nanoparticles [36]. 

Specific heat was measured using a KD2-Pro device across a temperature range of 

20 to 100 °C. During this range, the specific heat of water increased by 0.9%. In 

contrast, for volume fractions of 1% to 4%, specific heat decreased by 3%, 5.7%, 8.5%, 

and 11.2%, respectively (Fig. 8). 
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Figure 8.   Specific heat changes of water-based fluid and nano-fluid CuO + H2O with 

respect to temperature 

Investigation of dynamic viscosity of nanofluids 

The viscosity of CuO nanofluid was measured using nanoparticles with a diameter 

of 20 nm. Temperature significantly impacts viscosity; as temperature increases, the 

viscosity of gases rises, while the viscosity of liquids decreases (Fig. 9). This 

phenomenon can be explained by analyzing the factors affecting viscosity. The results 

were compared with data from sources [26] and [37]. At 30 °C and a volume fraction 

of 2%, the viscosity increased by 53% compared to the base fluid. 
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Figure 9.  Viscosity changes of pure water and nanofluid CuO+water with temperature 

changes 

The decrease in the viscosity of nanofluids with increasing temperature is 

influenced by several factors, primarily the reduction in intermolecular forces and the 

effects of Brownian motion. As temperature rises, the thermal energy of the fluid 

molecules increases. This higher energy level means that the molecules move more 

vigorously, which reduces the strength of intermolecular forces (like van der Waals 

forces) that contribute to viscosity. With stronger thermal motion, the cohesive forces 

between the fluid molecules weaken, allowing them to flow more easily past one 

another, thereby reducing viscosity. At higher temperatures, the increased kinetic 

energy enhances Brownian motion, leading to better dispersion of nanoparticles within 

the fluid. This improved distribution can reduce localized concentrations of 

nanoparticles that might otherwise increase viscosity. The motion of nanoparticles can 

disrupt any structured regions in the fluid that may develop at lower temperatures, 

further contributing to a decrease in viscosity. The base fluid (e.g., water, oil) itself 

typically experiences a decrease in viscosity with increasing temperature. This 

temperature dependency can play a significant role in the overall viscosity of the 

nanofluid. 
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A decrease in nanoparticle diameter can significantly affect the viscosity of 

nanofluids. Smaller nanoparticles have a higher surface-to-volume ratio, which 

increases the area available for interaction with the fluid. This greater surface area can 

enhance the effective viscosity of the fluid due to the increased interactions between 

the nanoparticles and the base fluid. Smaller nanoparticles experience enhanced 

Brownian motion at given temperatures due to their reduced mass. This increased 

movement can lead to better dispersion within the fluid, potentially reducing the 

effective viscosity by preventing clustering or aggregation. Better dispersion can 

improve the heat transfer characteristics of the fluid, indirectly affecting viscosity 

through altered thermal gradients caused by temperature variations. As nanoparticle 

size decreases, the distance between particles may decrease if the concentration of 

nanoparticles remains the same. This can alter how particles interact with each other 

and the base fluid, impacting the overall viscosity. 

The effect of temperature in different volume percentages on the thermal 

conductivity Coefficient of nanofluids 

The 20 nm copper oxide nanofluid was tested in water at volume fractions of up to 

2% and temperatures ranging from 20 to 50 °C. The thermal conductivity coefficient 

was accurately measured and recorded, with results displayed in Figure 10. 

 

Figure 10.  Changes in the ratio of thermal conductivity coefficient to volume deduction 

for nanofluid copper oxide in water at different temperatures 

To verify the accuracy of the measurements obtained for a 0.01 volume fraction at 

temperatures between 20 and 50 °C, a comparison was made with data from source 

[26]. The results indicate that at lower volume fractions, variations in temperature have 
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minimal impact on the thermal conductivity coefficient, resulting in only slight 

differences. However, as the volume fraction increases, the effect of temperature on 

thermal conductivity becomes more pronounced. An increase in volume fraction also 

leads to a greater number of particles in the base fluid, which, combined with the 

elevated temperature, enhances molecular collisions and Brownian motion. For 

example, at a volume fraction of 2%, the thermal conductivity increased by 

approximately 11% when the temperature rose from 20 to 50 °C. 

Comparison CuO thermal conductivity coefficient with water and ethylene glycol 

base fluids 

The effect of copper oxide nanoparticle addition on thermal conductivity was 

studied in two common base fluids, water and ethylene glycol, at varying volume 

fractions. Results show that the more thermally conductive the fluid, the greater the 

impact of nanoparticles on its thermal conductivity coefficient. For instance, at 30 °C, 

the thermal conductivity coefficient of ethylene glycol is 0.28, while for water, it is 

0.62. When comparing mixtures of both base fluids with CuO, the thermal 

conductivity coefficient of the mixture with ethylene glycol is lower than that of the 

mixture with water (Fig. 11). 

 

Figure 11.  Comparison CuO thermal conductivity coefficient with water and ethylene 

glycol base fluids 
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concentration and temperature increase, surface tension decreases due to enhanced 

molecular motion, which reduces intermolecular forces. However, in CuO nanofluids, 

surface tension remains relatively constant despite increases in volume concentration. 

This suggests that particle volume concentration does not significantly affect the 

surface tension of nanofluids. A decrease in nanoparticle diameter can affect the 

surface tension of nanofluids. Smaller nanoparticles increase the surface area-to-

volume ratio, which enhances their interaction with the base fluid and can lead to more 

significant modifications to the fluid's properties. This increased surface area may 

result in a greater density of nanoparticles at the fluid’s interface, which can alter the 

surface structure and potentially reduce surface tension. Additionally, the ability of 

smaller nanoparticles to better disperse and stabilize within the fluid can contribute to 

changes in interfacial properties, influencing overall surface tension.  Figure 12 

illustrates the relationship between surface tension and volume concentration. 

 

Figure 12.  Surface tension measurement of the CuO nanofluids as a function of the volume 

concentration 

Conclusion 
In this study, CuO nanoparticles were blended with water and ethylene glycol at 

volume fractions of 1% to 4% using an electric mixer. The stability of nanofluids 

remains a complex challenge, necessitating the addition of surfactants to improve their 

suitability for practical applications. To address this, SDS was added to the CuO 

solution, resulting in stable nanofluids for up to 20 days. Increasing volume fraction, 

temperature, and decreasing nanoparticle diameter enhance the thermal conductivity 

coefficient. Furthermore, as the volume fraction of nanoparticles in the base fluid 

increases, the overall density also rises. The results indicate a significant reduction in 

density with increasing temperature. In conclusion, the analysis of thermophysical 

properties of CuO nanoparticles in water and ethylene glycol-based fluids reveals their 

promising potential for various industrial applications, particularly in high-

temperature environments. The stability of CuO nanofluids at elevated temperatures 
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enhances their suitability for use in heat transfer systems, cooling applications, and 

various thermal management processes. Thus, with the appropriate development and 

implementation strategies, CuO nanofluids hold great promise for advancing thermal 

management solutions in real industrial systems. 
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