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The Heating, Ventilation, and Air Conditioning (HVAC) industry is always on the lookout 

for new and improved technology to help with their quest for environmentally friendly and 

economically viable cooling solutions. Investigating nanotechnology as a means to 

enhance HVAC system performance is an encouraging field of study. This research looks 

at the possibility of installing nano-fluid cooling jackets on the outside of condensers used 

in air conditioners. In particular, it examines how their distinct characteristics can improve 

the system's overall performance and speed up the transfer of heat. The primary area of 

study is the impact of copper and alumina nano-fluids on air cooling system efficiency. 

This investigation's primary objective is to determine the impact of these nano-fluids on 

heat transfer efficiency. The experimental strategy makes use of nano-fluids, which have 

unique features, to increase heat transfer rates by acting as an external medium around the 

condenser. By employing this methodology, the research aims to shed light on the potential 

uses of nano-fluids in HVAC systems. By conducting in-depth tests and analyses, this 

study aims to fill gaps in our knowledge about the pros and cons of using nano-fluids in 

HVAC systems. By taking a fresh tack, we can better understand the theoretical 

underpinnings of nano-fluid applications and highlight their real-world applications in 

enhancing air conditioning performance and efficiency. Aside from lowering the costs of 

pressure loss and pipe wall erosion, the results show that nano-fluids are more stable 

because they contain particles that are only micrometers or millimeters in size. They also 

conduct heat better than traditional models predict. 

Keywords: 

nano-fluid, cooling, air conditioning, 

Alumina, copper 

1. INTRODUCTION

Even though air conditioning technology has come a long 

way, the company still faces a significant challenge in creating 

systems that reduce energy use without sacrificing 

performance. Attempting to fulfill these demands with 

conventional cooling systems sometimes results in 

unnecessary operational expenses and negative environmental 

impacts. Because of their extraordinary heat transfer 

capabilities, nano-fluids are an alternative that should be 

seriously considered. However, the use of nano-fluids as a 

protective covering for air conditioner condensers has received 

little attention. The necessity to address this information 

vacuum motivated us to investigate the potential of nano-

fluids to enhance air conditioning system efficiency. By 

developing more environmentally friendly and economically 

viable cooling systems, our study hopes to close this 

knowledge gap and push Heating, Ventilation, and Air 

Conditioning (HVAC) technology forward. A major focus in the 

ever-changing energy efficiency technology sector is the 

development of innovative cooling systems. Potentially 

revolutionary for improving AC efficiency, nano-fluids are a 

novel class of fluids made by dispersing nanoparticles, 

nanofibers, nanotubes, and nanowires in a base fluid. When 

compared to traditional coolants, nano-fluids' superior heat 

transfer capabilities make them a revolutionary new player in 

the HVAC industry. Studying the potential of nano-fluids as 

an auxiliary cooling jacket for air conditioner condensers 

could enhance heat transfer efficiency, contribute to global 

energy conservation, and promote sustainable development. 

Nanoparticles, nanofibers, nanotubes, and other nanoscale 

components combine with a base fluid to create advanced 

fluids known as nano-fluids. Fluids produced using this 

innovative process exhibit enhanced and distinctive properties. 

Many fields are interested in nano-fluids because of the hype 

surrounding their possible superiority over conventional fluids 

International Journal of Energy Production and 
Management 

Vol. 10, No. 1, March, 2025, pp. 23-30 

Journal homepage: http://iieta.org/journals/ijepm 

23

https://orcid.org/0000-0002-4491-9778
https://orcid.org/0000-0001-5086-3283
https://orcid.org/0000-0001-6617-4546
https://orcid.org/0000-0002-3157-6542
https://orcid.org/0000-0002-2454-4825
https://orcid.org/0000-0002-0777-6616
https://orcid.org/0000-0003-3440-6781
https://orcid.org/0000-0001-5537-0971
https://crossmark.crossref.org/dialog/?doi=10.18280/ijepm.100103&domain=pdf


 

in terms of heat transfer, mechanical strength, and other crucial 

properties. These colloidal solutions containing nanoparticles 

exhibit outstanding thermal properties, including high 

convective heat transfer coefficients. Due to their ability to 

regulate temperature, flow rate, and indoor air quality, nano-

fluids find application in HVAC systems of both commercial 

and residential buildings. Nano-fluids, which come in a variety 

of forms such as window units, split systems, and central air 

conditioning, provide more precise temperature regulation and 

more efficient cooling than evaporative methods. While air 

conditioning systems with nanosized particles (1–100 nm) 

improve the coolant's heat-carrying efficiency, the best 

solution for any given user is ultimately up to them. 

One of the biggest obstacles is the fact that nano-fluid 

stability is still not well established. Describe the process of 

creating stable nano-fluids and discuss the recent 

developments in this field. There has been a lot of buzz around 

nano-fluids lately. The wide range of possible uses for these 

materials drives research into nano-fluids. Recent evaluations 

of nano-fluid research have focused mostly on studies 

examining convective heat transport and the thermo-physical 

characteristics of these materials. Over the last several decades, 

the rapid development of nanotechnology has led to the 

creation of a new class of coolants known as nano-fluids. A 

nano-fluid is a liquid that contains suspended nanoparticles. 

Scientists created nano-fluids, diluted mixtures of composite 

materials containing functionalized nanoparticles, to enhance 

the heat transfer properties of regular fluids. Their debut 

occurred a little more than a decade ago. A sustainable 

nanotechnology industry. Nano-fluids with copper oxide 

nanoparticles in them are quite famous, as are ethylene glycol 

and water nano-fluids. The possibility of using these nano-

fluids in a variety of heat control systems has recently 

propelled them to the forefront. Because efficient operation is 

so important, a lot of effort is put into finding ways to make 

these systems work better. In order to enhance a system's heat 

dissipation, Nakkaew et al. [1] performed a noteworthy 

experiment. 

The testing revealed the attachment of external heat pipes to 

the condenser. We found that the additional heat pipes 

increased the calculated heat dissipation by 240 W at an air 

velocity of 5 m/s. This research highlights ongoing efforts to 

enhance the performance of thermal management systems 

using nano-fluids. The researchers proposed adding six more 

sections of heat pipe to further optimize the efficiency of the 

refrigeration system. Salem et al.'s [2] experimental work 

focused on redesigning the refrigeration system by arranging 

conical tubes at tapered angles. Researchers are currently 

investigating the potential of nano-fluids to improve 

refrigeration systems. Rashidi et al. [3] conducted a 

comprehensive study on systems based on evaporators and 

condensers. Additionally, Jiang et al. [4] explored the 

experimental application of TiO2 nano-fluid in an ammonia-

absorbing refrigeration system. Their research examined 

various mass fractions, including 0.1%, 0.3%, and 0.5%, and 

reported a significant 27% increase in the coefficient of 

performance (CoP). 

 

1.1 Application of nano-fluids 

 

Sanukrishna and Prakash [5] demonstrated that modifying 

mass fractions from 0.1% to 0.5% led to a 27% enhancement 

in the CoP of an ammonia-absorbing refrigeration system. 

Sanukrishna and Prakash [5] investigated the properties of 

nanolubricants incorporating TiO2 nanoparticles dispersed in 

polyethylene glycol, examining volume fractions ranging 

from 0.07% to 0.8% across temperatures from 20℃ to 90℃. 

His study revealed that increases in solid volume fraction 

corresponded with higher thermal conductivity and viscosity; 

however, these properties diminished with rising temperature. 

Jiang et al. [6] performed temperature-dependent analyses of 

the thermal conductivity and viscosity of nano-fluids 

containing titanium oxide, iron oxide, and aluminum oxide. 

Their results showed that iron oxide nano-fluids experienced a 

3% to 12% enhancement in thermal conductivity with 

increasing temperature, alongside a 15% to 25% increase in 

viscosity. Additionally, Adelekan et al. [7] reported in 2019 

that TiO2 nanorefrigerants achieved a significant 78% 

improvement in the CoP. Babarinde et al. [8] also explored the 

efficacy of TiO2 nanolubricants combined with R600a 

refrigerant within the same year. 

Sanukrishna et al. [9] demonstrated that the incorporation of 

SiO2 nanoparticles into R134a refrigerant resulted in a 

substantial 163.2% increase in the heat transfer coefficient, 

even at a modest volume fraction of 0.4%. Narayanasarma and 

Kuzhiveli [10] evaluated the effects of varying concentrations 

of SiO2 nanoparticles and observed that the addition of 0.2% 

SiO2 elevated the flash point by 7%, the fire point by 5.9%, 

and the viscosity index by 10.8%. Sharif et al. [11] examined 

the performance of SiO2/polyalkylene glycol nanolubricants in 

automotive air conditioning systems. In a 2019 laboratory 

study, Ajayi et al. [12] found that Al2O3 nanorefrigerants 

improved both cooling time and system efficiency. 

Sanukrishna and Prakash [13] discovered that the combination 

of Al2O3 nanoparticles with polyethylene glycol oil achieved 

the highest thermal conductivity ratio of 1.48. Hussain et al. 

[14] further demonstrated that the addition of 0.01% Al2O3 

nanoparticles to an R134a cooling system enhanced the CoP 

by 25.7% at 28℃. 

Zawawi et al. [15] and Redhwan et al. [16] independently 

investigated the properties of Al2O3 nanolubricants. 

Redhwan's research revealed a 33% improvement in the CoP, 

a 6% enhancement in cooling efficiency for mobile air 

conditioning systems, and an 8% reduction in compressor 

work. In a separate study, Soliman et al. [17] observed that the 

CoP ratio was notably improved at a 0.1% mass fraction of 

Al2O3 nanolubricants, comparing different mass fractions 

(0.05%, 0.1%, and 0.15%). Ahmed and Elsaid [18] examined 

the impact of Al2O3 nano-fluids on a chilled water air 

conditioning system, finding that at a 0.1% mass fraction and 

an airspeed of 0.61 m/s, the CoP increased by 23.7%. Khalifa 

[19] explored the effects of combining polyol ester oil with 

CuO and Al2O3 nanoparticles, testing various bulk fractions. 

Their results indicated that the nanolubricants containing 

Al2O3 achieved a CoP improvement of 16.8% and 32.5%, 

respectively, compared to those with CuO. 

Baskar et al. [20] looked into the possibilities of ZrO2 nano-

oil and found that the CoP rose by 5.65%, 7.15%, and 10.95% 

at concentrations of 0.15%, 0.2%, and 0.35% by volume. Pico 

et al. [21] did an experiment with diamond nanolubricants and 

found that the CoP went up by 4% at a mass fraction of 0.1% 

and the cooling capacity went up by 4.2% at a mass fraction of 

0.5%. According to research by Hu et al. [22] and Ray et al. 

[23], adding Al2O3 nanoparticles to fourth-generation 

environmentally friendly refrigerants (R1234yf and HFE-

7000) made heat transfer 11% to 15% better. Research on 

nano-fluids and nano lubricants has established that ultrasonic 

homogenization is currently the most reliable and stable 
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method available. 

Exergy analysis conducted by Padilla et al. [24], Bolaji et al. 

[25], and Ahamad et al. [26] suggests that transitioning from 

R12 to R413A in residential vapor compression air 

conditioning systems could offer substantial benefits. 

Saravanakumar and Selladurai [27] found that the compressor 

exhibited higher reversibility compared to other components 

of the system. Additionally, their study revealed that a home 

refrigerator utilizing an R290/R600a hydrocarbon blend 

demonstrated superior energy efficiency but a lower CoP 

compared to one using R134a. Joybari et al. [28] indicated that 

homeowners could achieve cost savings and reduce the fire 

risk associated with hydrocarbon refrigerants by replacing 145 

g of R134a with 60 g of R600a in their home refrigerators. 

In 2021, Ahmed and Khan [29] explored the potential of 

nano-fluids to improve the efficiency of HVAC systems. Their 

research demonstrated that incorporating nanoparticles 

substantially enhances the thermal conductivity of 

conventional refrigerants, thereby improving heat transfer and 

overall system performance. The study highlighted that the use 

of nano-fluids in the air conditioning cycle leads to a notable 

reduction in energy consumption, which is essential for both 

cost savings and environmental protection. It underscored the 

critical role of nanoparticle concentration, stability, and 

selection in the base fluid in achieving these efficiency gains. 

This research adds to the growing body of evidence supporting 

the significant performance benefits of nano-fluids in cooling 

systems, particularly in high-energy-demand applications. 

Elsaid et al. [30] evaluated a split-type AC integrated with 

an evaporative cooling unit using TiO₂, MgO, and hybrid 

nano-fluids. The TiO₂+MgO/H₂O hybrid showed the best 

performance, with a 15.8% COP increase and 48.6% energy 

savings. Wood wool pads and atomizers enhanced 

performance, and a regression model accurately predicted 

COP (Adjusted R² ≈ 0.964). Zawawi et al. [31] studied Al₂O₃-

SiO₂/PAG hybrid nanolubricants in automotive AC systems, 

finding a 60:40 ratio offered a 16.31% COP boost and 18.65% 

compressor work reduction, emphasizing optimal nanoparticle 

blending. Farzaneh et al. [32] used methanol-silver nano-fluid 

in a thermosyphon heat exchanger, achieving 8.8–31.5% 

cooling and 18–100% reheating energy savings. Improved 

thermal conductivity and suspension stability enhanced 

system performance. Zakaria et al. [33] explored Al₂O₃ nano-

fluids in water–EG for PEM fuel cells, noting thermal 

conductivity increased with nanoparticle content but 

decreased with EG; the introduced TEC ratio highlighted 

enhanced cooling below 50% EG. 

Alfian et al. [34] investigated CuO-EG/water nano-fluids 

for electronic cooling. At 0.102% concentration, heat transfer 

improved by 95% but required 40% more pumping power, 

highlighting a performance-energy trade-off. Balaji et al. [35] 

enhanced AC efficiency with an Al₂O₃ nano-fluid intercooler 

(0.75%), improving COP by 49.32% and cutting power use by 

12.24%. Increased concentration and flow rate improved 

results. Koçal et al. [36] combined hybrid nano-fluids and 

grille designs in car radiators; 0.15% ZnO + 0.15% CuO nano-

fluid improved cooling by 52%, while grille modifications 

boosted efficiency by 66.5%. Ismail et al. [37] tested hybrid 

nanoparticle-enhanced PCMs in AC systems, where cylinder 

configurations saved up to 16.4% power over two hours. 

Though hybrid PCMs improved thermal response, long-term 

gains were limited, with cylinders proving most efficient and 

eco-friendly. 

The results of this study have significant implications for 

HVAC system management and operation. Facility managers 

and building owners can gain substantial benefits from using 

nano-fluids as external cooling jackets for condensers, leading 

to significant improvements in the CoP. This improvement not 

only reduces operational costs, but also supports 

environmental goals by decreasing greenhouse gas emissions 

and energy consumption. Furthermore, nano-fluids' stability 

and reduced pressure loss can extend equipment lifespans and 

lower maintenance requirements. For those seeking to 

optimize air conditioning systems, adopting nano-fluid 

technology represents a strategic opportunity to boost 

performance while mitigating environmental impact and long-

term expenses. In response to the increasing demand for 

energy-efficient air conditioning systems, this study evaluates 

the use of nano-fluids as external cooling jackets for 

condensers. By leveraging the superior thermal properties of 

nano-fluids, we expect significant gains in heat transfer 

efficiency. Our findings show that copper and alumina nano-

fluids substantially enhance the CoP of air conditioning 

systems, with copper nano-fluids demonstrating superior 

performance due to their higher thermal conductivity. These 

results suggest that nano-fluids could revolutionize the HVAC 

industry by offering a sustainable, cost-effective cooling 

solution that aligns with global energy conservation efforts. A 

thorough cost analysis, including initial investments, 

operational savings, maintenance costs, and ROI, is crucial to 

assess their economic feasibility and ensure that the long-term 

benefits outweigh the initial costs. 

 

1.2 Application of nano-fluids 

 

As high-heat-flow technologies have developed, the need 

for advanced heat transfer systems has increased, particularly 

with increasingly compact and powerful microprocessors that 

present new challenges in thermal management. The 

automotive industry, among others, could benefit from 

enhanced heat transfer, reducing the need for multiple cooling 

heat exchangers and leading to lighter, more fuel-efficient 

vehicles. Improving the heat transfer coefficient is key to this 

advancement, which is achievable through more efficient 

techniques or by enhancing the properties of the heat transfer 

material itself. 

Systems relying on forced gas convection typically have 

higher heat transfer coefficients than those relying on free 

convection, but enhancing the coolant's properties can achieve 

further improvements. Liquid coolants often contain additives 

to improve specific characteristics, and nano-fluids have 

emerged as a versatile solution. Various sectors, including 

transportation, energy production, and electronic systems like 

microprocessors and MEMS, use these fluids, which consist 

of nanoparticles dispersed in a base fluid. Companies such as 

Nano Vehicles, GM, and Ford recognize the potential of nano-

fluids and are actively researching industrial applications. 

Nano-fluids hold enormous potential for cooling devices 

with high heat flux, such as high-power microwave tubes, laser 

diode arrays, vehicle engines, and welding equipment. Their 

ability to provide effective cooling in confined spaces can 

significantly improve the efficiency of MEMS (Micro-

Electro-Mechanical Systems). Additionally, nano-fluids could 

offer substantial advantages in nuclear applications, 

particularly by enhancing the critical heat flux in forced 

convection loops. 

Nano-fluids' impact on energy conservation is significant; a 

1% increase in chiller efficiency could result in substantial 
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energy savings, equivalent to 320 billion kilowatt-hours or 5.5 

million barrels of oil annually in the United States. 

Furthermore, the unique properties of nano-fluids could 

enhance efficiency in deep drilling applications. 

However, the effectiveness of nano-fluids, particularly in 

air conditioning systems, depends on their stability—the 

ability of nanoparticles to remain evenly dispersed without 

aggregating or settling. Instability can lead to clogging, 

reduced heat transfer efficiency, and increased maintenance 

requirements, undermining the benefits of using nano-fluids. 

Therefore, ensuring stability is crucial to maintaining cooling 

system performance and achieving sustained energy savings. 

Addressing challenges such as aggregation, chemical 

reactions, pH control, surfactant selection, and long-term 

stability is essential to developing stable nano-fluids. To 

overcome these challenges, our research employs advanced 

preparation techniques, stability testing, surfactants, and 

stabilizing agents. We aim to successfully integrate nano-

fluids into air conditioning systems, enhancing energy 

efficiency and contributing to sustainable HVAC technology. 

 

 

2. METHODOLOGY 

 

2.1 General set-up of air-conditioning system 

 

Figure 1 provides a schematic representation of the 

experimental setup for the air conditioning system, illustrating 

the key components and their arrangement. For 

comprehensive details and additional data regarding the 

experimental test parameters, please refer to Table 1. 

 

 
 

Figure 1. Air conditioning system experimental setup 

diagram 

 

Figure 1 illustrates the experimental setup of a standard 

Vapor Compression Refrigeration (VCR) system, which 

includes essential components such as the compressor, 

condenser, expansion valve, and evaporator. The setup also 

features fluid-filled jackets with heat-traversing coils, where 

the jacket's evaporator load is filled with water. The 

experimental investigation involves testing the system with 

various fluids—copper nano-fluid, alumina nano-fluid, and 

water—to assess their impact on overall system performance. 

We monitor the refrigerant pressure in the condenser and 

evaporator sections using two pressure gauges, and installs 

Type-K thermocouple sensors in the outer jackets to directly 

measure fluid temperatures. We selected Copper (Cu) and 

Al2O3 nano-fluids for their superior heat transfer properties, 

affordability, and ease of procurement. We tested the system's 

thermal performance at three distinct volume fractions: 1%, 

2%, and 5%. We prepared the nano-fluids in two stages: first, 

we blended the powder nanoparticles with water, and then we 

subjected the mixture to two hours of ultrasonic mixing to 

achieve a homogeneous solution without the use of detergents 

or additives. The lab tests involved running the equipment for 

ten minutes before each test, each lasting fifteen minutes. We 

started the system with the evaporator jacket water at 40℃, 

and maintained the fluid in the condenser jacket at 20℃ to 

ensure optimal operation. The outdoor temperature remained 

constant at 22℃. We evaluated the CoP of the VCR system by 

cooling the condenser coil with nano-fluids and water to 

determine its efficiency. The system operated using CFC-free 

R134a coolant, with the internal helix width of the evaporator 

and condenser coils set at 13 cm. Type-K NiCr-Ni temperature 

probes with a 1.5-mm tip provided precise temperature 

measurements. The system utilized 2-meter-long tubes with a 

6-millimeter diameter to connect various components. 

 

Table 1. Experimental conditions used for air conditioning 

system 

 
S. 

No. 
Parameter Specification 

1 
Nano-fluid volume 

fraction 
1%, 2%, and 5% 

2 Al₂O₃ nanoparticle size 70 nm 

3 Cu nanoparticle size 70 nm 

4 Base fluid Water 

5 Ambient temperature 22℃ 

6 
Evaporator and condenser 

capacity 
7 liters 

7 Evaporator loading Water 

8 
Condenser coil cooling 

jacket 

Water, Al₂O₃, and Cu 

Nano-fluids 

 

2.2 Preparation of nano-fluid 
 

Preparing a nano-fluid begins with the creation of 

nanoparticles and their distribution in a base fluid. The two-

step method is more effective in producing nanoparticles such 

as zinc oxide (ZnO), copper oxide (CuO), and aluminum oxide 

(Al2O3) than the single-step method, which is one of the two 

most common ways to make nano-fluids. This work employs 

the thoroughly researched nanoparticles of alumina, copper 

oxide, and zinc oxide at a mass concentration of 0.1%. We 

make nano-fluids with commercially available aluminum 

oxide, copper oxide, and zinc oxide nanoparticles. The 

nanoparticles had a specific heat capacity of 769 J/kgK, a 

thermal conductivity of 37 W/mK, a density of 3820 kg/m³, 

and an average particle size of 50 nm. We disperse the 

nanoparticles in deionized water after 5 hours of ultrasonic 

agitation to obtain the required volume fraction of 0.3%. At a 

frequency of 40 kHz, the ultrasonic mixer generates 180 W 

power pulses. To assess dispersion stability, we use the pH 

value, which represents the overall stability of nano-fluids. 

The experimental approach focuses on an air conditioning 

system that uses nano-fluids as an auxiliary cooling medium 

for the condenser. Thermocouples detect temperatures, 

pressure gauges monitor refrigerant pressures, and an 

ultrasonic mixer prepares nano-fluids for research. We also 

utilize the technology for vapor compression refrigeration. 

The experimental procedure consists of the following steps. 

We prepared copper and alumina nano-fluids at three different 
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concentrations (1%, 2%, and 5%) using a surfactant-free two-

step method. We employed an ultrasonic mixer to ensure 

uniform dispersion of the nanoparticles. 

1. System Operation: We operated the air conditioning 

system, setting the evaporator jacket at 40℃ and the 

condenser jacket at 20℃, while maintaining a constant 

ambient temperature of 22℃. 

2. Performance Evaluation: We assessed the system's 

performance by comparing the coefficients of 

performance (CoP) when using water and nano-fluids as 

external cooling mediums for the condenser coil. 

3. Data Collection: We used thermocouples and pressure 

gauges to collect data on the thermal efficiency of the 

system. 

4. Data Analysis: We analyzed the collected data to ascertain 

how nano-fluids affected the air conditioning system's 

effectiveness and thermal conductivity. 

The analysis is conducted using the Jupyter Notebook 

platform (Anaconda 3). We plot graphs showing the 

relationship between volume fraction and percentage increases 

in thermal conductivity, as well as CoP refrigeration, using the 

following code: 

 

import matplotlib.pyplot as plt 

import pandas as pd 

# First plot 

x = [0.01, 0.02, 0.05] 

y = [3, 5.8, 15] 

y2 = [3, 6, 16] 

plt.scatter(x, y) 

plt.scatter(x, y2, color='r') 

plt.plot(x, y) 

plt.plot(x, y2) 

plt.xlabel('Volume Fraction') 

plt.ylabel('Percentage Rise in Thermal Conductivity (%)') 

plt.legend(['Alumina Nano-fluid', 'Copper Nano-fluid']) 

plt.show() 

# Second plot 

x = [0.01, 0.02, 0.05] 

y = [0.615, 0.635, 0.69] 

y1 = [0.615, 0.637, 0.695] 

plt.scatter(x, y) 

plt.scatter(x, y1, color='r') 

plt.plot(x, y) 

plt.plot(x, y1) 

plt.xlabel('Volume Fraction') 

plt.ylabel('Thermal Conductivity (W/m-K)') 

plt.legend(['Alumina Nano-fluid', 'Copper Nano-fluid']) 

plt.show() 

# Bar plot 

alumina = [0, 3.79, 3.91, 4.17] 

copper = [0, 3.87, 4.10, 4.44] 

water = [3.43, 0, 0, 0] 

index = ['0', '0.01', '0.02', '0.05'] 

df = pd.DataFrame({'Water': water, 'Alumina': alumina, 

'Copper': copper}, index=index) 

ax = df.plot.bar(rot=0, width=0.8) 

plt.xlabel('Volume Fraction') 

plt.ylabel('CoP Refrigeration') 

plt.show() 

# Third plot 

x = [0.01, 0.02, 0.05] 

y = [10, 13, 20] 

y2 = [13, 20, 30] 

plt.scatter(x, y) 

plt.scatter(x, y2, color='r') 

plt.plot(x, y) 

plt.plot(x, y2) 

plt.xlabel('Volume Fraction') 

plt.ylabel('Percentage Rise in CoP Refrigeration (%)') 

plt.legend(['Alumina Nano-fluid', 'Copper Nano-fluid']) 

plt.show() 

 

 

3. RESULTS AND DISCUSSION 

 

This study investigates the impact of nano-fluids on the 

thermal efficiency of an air conditioning system, focusing on 

how two different types of nanoparticles affect the CoP. The 

experiment introduces nanoparticles into the condenser's 

external cooling jacket. We choose copper and alumina 

nanoparticles for their superior heat conductivity over pure 

water. The incorporation of these nanoparticles enhances the 

overall thermal conductivity of the nano-fluid, thereby 

improving performance relative to using water alone. 

 

 
 

Figure 2. Change in thermal conductivity of different Nano-

fluids with different volume fractions 

 

Figure 2 illustrates the impact of various nano-fluids, 

specifically alumina and copper, at varying volume fractions 

on thermal conductivity. The x-axis displays the range of 

nano-fluid volume fractions from 0.010 to 0.050, while the y-

axis displays the percentage increase in thermal conductivity. 

Across all volume fractions studied, the data shows that copper 

nano-fluids enhance thermal conductivity better than alumina 

nano-fluids. Beginning with a volume fraction of 0.010, both 

kinds of nano-fluids significantly improve, but the rise is 

sharper for copper nano-fluids. Over the whole range of values 

evaluated, this pattern holds true: at a volume fraction of 0.050, 

copper nano-fluids achieve a roughly 16% increase, whereas 

alumina nano-fluids exhibit a somewhat smaller increase. 

These results indicate that, perhaps as a result of their better 

inherent thermal characteristics, copper nano-fluids are better 

at increasing thermal conductivity. Nano-fluids have the 

ability to increase the energy efficiency of systems due to the 

positive correlation between their volume fraction and 

increased thermal conductivity. 
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Figure 3. Percentage increase in thermal conductivity of 

different nano-fluids compared with pure water 

 

Figure 3 shows how the volume fraction changes with the 

percentage increase in thermal conductivity for alumina and 

copper nano-fluids compared to water. Both nano-fluids 

exhibit a linear increase in thermal conductivity from 0.01 to 

0.05 volume fractions. The thermal conductivity of alumina 

nano-fluid (represented by the blue line) starts at 

approximately 0.62 W/mK at a 0.01 volume fraction and rises 

to around 0.67 W/mK at a 0.05 volume fraction. Copper nano-

fluid, shown by the orange line, demonstrates slightly higher 

thermal conductivity values, increasing from about 0.62 

W/mK to around 0.69 W/mK over the same volume range. The 

graph highlights that both nano-fluids significantly enhance 

thermal conductivity compared to pure water, with copper 

nano-fluid showing a slight advantage. The superior heat-

transfer properties of the nanoparticles and their effective 

dispersion in the fluid are responsible for this improvement. 

 

 
 

Figure 4. Change of CoP of the system in different 

conditions, i.e., water, copper nano-fluid, and alumina nano-

fluid 

 

Figure 4 illustrates the effect of varying volume fractions of 

water, alumina nano-fluid, and copper nano-fluid on the 

system's CoP. The graph reveals a substantial increase in the 

CoP as the volume fractions of the nano-fluids rise relative to 

water. In particular, the CoP of the system that only uses water 

is much lower, but it gets much better as the concentrations of 

copper and alumina nano-fluids (0.01, 0.02, and 0.05 volume 

fractions) rise. Copper nano-fluid demonstrates the highest 

thermal performance, achieving the highest CoP across all 

tested volume fractions. While alumina nano-fluid also 

surpasses water, it performs slightly less effectively than 

copper. This trend suggests that incorporating nanoparticles 

enhances system efficacy, likely due to their improved thermal 

conductivity and heat transfer capabilities. 

 

 
 

Figure 5. Rate of growth of CoP in air conditioning system 

for different nano-fluids compared to pure water 

 

Figure 5 illustrates the specific increase in CoP when using 

alumina and copper nano-fluids in comparison to pure water. 

The x-axis represents the volume fraction of nano-fluids, 

ranging from 0.010 to 0.050, and the y-axis denotes the 

percentage increase in CoP. The results indicate that nano-

fluids significantly boost CoP at all volume fractions 

examined, with copper nano-fluids providing a more 

pronounced enhancement. At a volume fraction of 0.010, both 

nano-fluids demonstrate considerable improvements, and this 

trend continues at 0.050, with alumina nano-fluids increasing 

CoP by slightly over 20% and copper nano-fluids by 

approximately 30%. These findings suggest that copper nano-

fluids are optimal for enhancing AC system efficiency, likely 

due to their superior thermal conductivity. Furthermore, the 

results show a strong positive correlation between CoP and 

nano-fluid volume fraction, highlighting nano-fluids' potential 

to reduce energy consumption in refrigeration systems. 

 

 

4. CONCLUSION 

 

After a thorough examination of the effects of nano-fluids 

on the thermal performance of air conditioning systems, 

following conclusions are drawn. 

• Enhanced Thermal Conductivity: The incorporation of 

copper and alumina nanoparticles into the cooling 

solution significantly boosts thermal conductivity. 

Specifically, copper nano-fluids achieve a 16% increase 

in thermal conductivity at a volume fraction of 0.050, 

whereas alumina nano-fluids exhibit a slightly smaller 

enhancement. 

• Improved Coefficient of Performance (CoP): The use 

of nano-fluids significantly improves the air conditioning 

system's CoP, thereby enhancing its overall efficiency. At 

a volume fraction of 0.050, copper nano-fluids lead to a 
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30% increase in CoP, outperforming alumina nano-fluids, 

which show a slightly over 20% improvement. 

• Energy Efficiency: Since there is a direct link between 

the amount of nano-fluids present and the rise in CoP, 

adding nano-fluids to air conditioning systems could save 

a lot of energy. This is crucial for advancing energy-

efficient cooling technologies. 

• Copper nano-fluids provide optimal performance in 

air conditioning systems due to their superior thermal 

conductivity. The 30% increase in CoP observed with 

copper nano-fluids, compared to the improvements 

achieved with alumina nano-fluids, underscores their 

superior performance. 

• Practical Application Potential: The results indicate that 

using copper nano-fluids in air conditioning systems 

presents a viable strategy for enhancing energy efficiency. 

The substantial 30% improvement in CoP at a volume 

fraction of 0.050 highlights the potential for significant 

energy savings in cooling applications. 

In summary, the study demonstrates that copper nano-fluids 

substantially enhance both the thermal performance and 

energy efficiency of air conditioning systems, paving the way 

for the development of advanced cooling technologies. 
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