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The paper provides experimental studies on the possibility of improving 
the cooling efficiency of a split air conditioning system through the 
application of advanced lubrication technology. The efficiency of the 
system is compared to the situation when using three types of lubricants: 
conventional Pure oil, a mono-particle nano-lubricant (Al2O3), and a hybrid 
nano-lubricant (Al2O3- SiO2). This experiment employed concentricity 
0.025 percent of (Al2O3) nano and (Al2O3- SiO2). hybrid nanofluid, which 
has been incorporated into the air conditioning compressor oil. The cooling 
capacity, compressor work, and the coefficient of performance (COP) were 
considered as key performance indicators that were tested under controlled 
experimental conditions. The findings indicate that the concentration of 
nanoparticles in the lubricant improves the thermo-physical characteristics 
and heat transfer of refrigeration cycle. Although both the nano-lubricants 
performed better than the conventional oil, the hybrid nano-lubricant 
demonstrated the most evidence of improvement reporting a significant 
rise in the COP as well as a significant decrease in the consumption of 
energy. The results indicate that hybrid nano-lubricants can be used to a 
considerable degree to enhance the energy efficiency of vapor compression 
refrigeration-based systems.

INTRODUCTION
In many industrial processes, including electricity 

generation, refrigeration, chemical processing, and 
automobile cooling, heat exchangers are essential.  
Their effectiveness is mostly determined by the 
working fluid’s convective heat transfer properties 
and thermal conductivity.  The overall rate of heat 
transmission is limited by the comparatively poor 
thermal conductivities of conventional fluids like 
water, ethylene glycol, or mineral oils. A possible 
way to enhance heat transfer efficiency in thermal 

systems is through nanofluids, which are designed 
colloidal suspensions of nanoparticles within 
traditional base fluids [1].

Air conditioning has become an indispensable 
factor in modern constructions and it applies 
the thermodynamic principles to regulate the 
indoor temperatures. It extracts the heat indoors 
and expels it to outside by use of such aspects 
as evaporators, condensers, compressors, and 
expansion apparatus. This refrigerant flows 
through these components and transitions 
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through different phases to take in and give out 
heat effectively. Nano-lubricants have just been 
introduced in order to improve the performance 
of air conditioners. Nanoparticles when added 
to conventional lubricants enhance thermal 
conductivity and lower friction among parts. The 
research indicates such nanoparticles increase 
heat transfer, reduce compressor workloads 
and energy savings. This technology enhances 
productivity and improves the lifespan of the 
machine due to the minimization of the mechanical 
wear. Nanofluids that blend nanoparticles in base 
oils are better in thermal properties compared 
to conventional lubricants. They are useful in 
sustaining good cooling and ensure that energy 
consumption remains constant at the various 
temperatures. Future developments in the air 
conditioning industry will be based on sustainability 
by incorporating efficiency of refrigerants and 
hybrid nano-lubricants. Such innovations are likely 
to give way to more environmental friendly HVAC 
systems that can go hand in hand with energy 
conservation in the world [2-5]. In air conditioning 
systems, lubrication is necessary, and it decreases 
friction between moving parts and eliminates 
wear of such elements as compressors and fans. 
Maintaining the right lubrication provides efficient 
operation, enhanced heat transfer, and increased 
energy efficiency making the cooling process 
more efficient. The selection of the appropriate 
lubricant influences the reliability and efficiency 
of the system. Good lubricants should be highly 
chemically stable, have a large viscosity range, low 
pour points and refrigerant-compatible. Ineffective 
lubricants enhance friction and wear, increase 
consumption of energy and reduce equipment 
life. Older polyol ester (POE) oils might not be as 
thermally conductive and offering enough wear 
protection as newer product lines such as nano-
lubricants. Nano-lubricants would be further 
refined with the addition of nanoparticles to 
enhance heat transfer and decrease the viscosity 
but stay stable in lubrication. This increases the 
efficiency of compressor work and enhances 
cooling. Enhanced lubrication is not only ideal 
in promoting mechanical reliability, but also in 
the environmental objectives. Nano-lubricants 
also use fewer quantities thereby reducing 
wastes and energy use, the carbon footprint is 
reduced. They are in line with the market need 
of more environmentally friendly HVAC. Relevant 
lubrication also enhances the energy efficiency 

standards by increasing the Coefficient of 
Performance (COP). The right choice of lubricants 
can guarantee success in the long run of air 
conditioning and smarter consumption of energy 
which is useful to the performance as well as the 
environment [6-9].

Nano-lubricants form a new generation 
of lubricating agents, which are designed by 
solubilizing nanoparticles in an existing lubricating 
agent medium. These small particles and their 
sizes (1 to 100 nanometers) are used to enhance 
the natural characteristics of the base lubricant, 
resulting in an increase in thermal conductivity, 
a drop in the forces of friction, and reduction 
in wear on mechanical parts. The main aim of 
this integration of nanoparticles is to attain a 
stage of lubrication performance that cannot be 
attained with the traditional lubricants alone. In 
general, the nano-lubricants have been divided 
into two major groups: mono-particle and hybrid 
formulations. The mono-particle nano-lubricants 
of the former are made with only one type of 
nanoparticle suspended in a base fluid. One of the 
most spectacular ones is the application of alumina 
(Al2O3) nanoparticles that are popular due to their 
excellent hardness and thermal resistance. They 
are especially useful in HVAC systems to reduce 
friction and increase the heat transfer. On the 
other hand, hybrid nano-lubricants are prepared 
through the use of a mixture of different types of 
nanoparticles in the same lubricant. This method 
will take advantage of the unique nature of each 
type of nanoparticle and create a synergist effect, 
leading to greater overall performance. One of 
the mostly mentioned examples is a formula 
that incorporates both alumina (Al2O3) and silica 
(SiO2) nanoparticles. These hybrid structures have 
exhibited better lubricity and heat dissipation 
properties and also have a low viscosity profile.

The effectiveness of a nano-lubricant will 
depend on a number of important variables, 
such as the type of nanoparticles employed, the 
level of this concentration in the mixture, and the 
properties of the base fluid. Nanoparticles can 
also be accurately modulated as concentration 
of particles to accommodate a given application. 
It has been shown that concentrations of up to 
about 0.5 percent are often capable of producing 
significant improvements in performance without 
influencing the intrinsic properties of the fluid in 
a negative way. In HVAC systems, these advanced 
lubricants go beyond the energy savings role. 
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As mentioned above, they help enhance better 
thermal control by high heat transfer and increase 
the service life of equipment by reducing wear and 
tear of the component. This trend in the area of 
nano-lubrication is an indicator of the bright future 
of the technological progress not only in the HVAC 
technology but also in the area of other branches 
of engineering since the high-quality lubrication is 
a fundamental element of creating more resilient, 
efficient, and sustainable systems [10-11].

The introduction of nano-lubricants into 
heating, ventilation and air conditioning (HVAC) 
systems possesses numerous benefits that 
contribute greatly in improving the performance 
of the operations in terms of energy savings. The 
main advantage is that they have high thermal 
conductivity and hence better heat exchange 
is promoted in the system. The enhancement 
of thermal level results in increased strength of 
heating and cooling processes, hence lowering the 
total energy consumption.One more important 
application of nano-lubricants is the reduction of 
friction between the moving parts of the system, 
in the compressor, in particular. By reducing this 
friction, they aid in reduction of wear and tear 
consequently extending the working life of these 
critical components. Compared to traditional 
lubricants that may lose their efficacy when 
subjected to high temperatures or mechanical 
force, nano-lubricants do not change their viscosity 
over time making this another great benefit of the 
use of these wonderful lubricants. The synergistic 
benefits of reduced friction and enhanced heat 
transfer enhance the coefficient of performance 
(COP) of the HVAC system and enables it to 
operate to the desired temperature with reduced 
amount of energy expenditure compared to what 
would otherwise be utilized with conventional 
lubricants. This can be translated to significant 
decreases in the operational costs of the system 
over the course of the system life.

In addition to these functional advantages, 
there is also the environmental advantage 
associated with the use of nano-lubricants. Their 
great efficiency is also a plausible factor as less 
of lubricant is necessary to keep them running 
efficiently hence leading to a reduction of wastes. 
Moreover, several nano-lubricant recipes are 
designed to be less toxic and more environmental 
friendly than their traditional counterparts, which 
is in line with the modern day sustainability goals. 
To conclude, nano-lubricants that are used in the 

HVAC systems are effective in overcoming the 
numerous constraints of traditional lubrication 
techniques. This change contributes to the creation 
of more efficient and environmentally responsible 
cooling technology that is in a better position to 
support the new demands of high performance 
and environmental responsibility [12-18].

MATERIALS AND METHODS
The experiment was performed using a set 

of two environmentally controlled chambers, as 
shown in Fig. 1, which is made of two chambers 
similar in terms of technical design and size. These 
rooms were made of metal sandwich panels 
with foam insulation applied on all the surfaces 
except the south facing wall. This particular wall 
was made out of 2 mm thick sheet of aluminum. 
Each chamber had a door on the north side with 
4mm glass installed on it. The outer length, width, 
and height of both chambers were 2 meters, 2 
meters and 2.8 meters respectively. Ordinarily, 
every room had a 2 ton split air conditioning unit. 
Each unit was fitted with a separate electrical 
arbitration panel under control of an organizer to 
control the compressors separately. Both systems 
had two high-pressure and two low-pressure 
monitors attached to the arbitration panels. In 
order to obtain data, each chamber has its own 
control panel that is connected to an array of 
six thermocouples that are strategically located 
in different locations inside the interior space. 
Moreover, those chambers are equipped with 
measurement tools to test the voltage and voltage 
difference to provide a comparative analysis of 
the amount of power consumed by each system. 
The first chamber air conditioning unit was used 
as the control. This system worked using its usual, 
untouched pressure oil which is known as pure oil. 
The cooling device in the second chamber, on the 
contrary, was adjusted to have two compressors 
with an isolation valve before them. A nano-
oil lubricant was loaded to the first compressor 
and hybrid nano-oil was used in the second 
compressor. The high pressure inside the systems 
is operational and depends on the temperature at 
which the condensation takes place inside the heat 
exchanger which is usually 12-15 degrees C higher 
than the ambient external temperature. Two main 
processes affect the low-pressure parameter: 
firstly, the type of refrigerant gas (e.g., Freon) that 
is used in a refrigerator, since each gas has its own 
unique chemical characteristics, and, secondly, 
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is the evaporation temperature of a refrigerant 
used in the evaporator at an application. To 
monitor these pressures, high and low-pressure 
gauges were affixed to the evaporator outlet 
in both chambers. Additionally, another set of 
high and low-pressure gauges was installed at 
the compressor exit for each unit.  The electrical 
infrastructure for the testing facility is managed 
by a central power supply board. This board 
houses main switches, provides control over the 
operation of the compressors, includes switches 
for activating and deactivating the cooling units, 
and is equipped with an alert socket.

Calculation of physical properties of pure oil, nano-
oils, and hybrid oils [19-24]
Density

Pure oil density. The pure oil density used in the 
device of system (1) has been computed by using 

Eq. 1 where: 𝛒𝐟 is the density of pure oil, 𝐦𝐟 is the 
mass of pure oil, and 𝐯𝐟 is the volume of pure oil as 
shown in Fig. 2 

ρf =
mf
vf

 

  
                                                                        

(1)

Nano oil, which is a solid nanoparticle of (Al2O3) 
and (Al₂O₃-SiO₂) is made suspended in type 4GS 
and technical specifications. At the beginning, the 
amount of oil used in the device was calculated, 
and the amount of solid nanoparticles was 
calculated too by using Eqs. 2, 3 and 4 respectively.  

mp =
Ø × ρp × (mf

ρf )
1 − Ø  

  

                                               
(2)

 

ρp = (1 − Ø)ρf + Øρn 

  

                                             
(3)

 

  
Fig. 1. Test rig.

 

  
Fig. 2. Density measurement.
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ρHNF = Ønp1 + Ønp2 × ρnp2 + (1 − Ønp1 − Ønp2)ρbf 

  

   (4)

Viscosity
The viscosity of oil mixed with nanoparticles 

has been calculated by Eqs. 5 and 6
where: 𝜇𝑛𝑓 is nanofluid viscosity, 𝜇𝑝𝑓 is pure oil 

viscosity. Also, Digital Rotational Viscosity Meter 
device has been used to measure oil viscosity. The 
viscosity of pure and mixed oil is shown in Fig. 3.  

µnf = µpf(1 + 2.5Ø) 

  

                                                (5)

 

µHNF =
µbf

(1 − Ønp1 − Ønp2)2.5
 

  

  

                      

(6)

Nanomaterials preparation method [25-28]
Mechanical Agitation Technique

A high-shear electric mixer, as illustrated in Fig. 
4a, was employed for the initial blending process. 

The base oil was combined with solid nanoparticle 
quantities, which were precisely determined 
according to Eq. 2. This mixture was subjected 
to continuous agitation for a duration of 20 to 45 
minutes, or until a visually uniform and completely 
homogeneous suspension was achieved.

Ultrasonic Homogenization
Following the mechanical mixing stage, the 

prepared nano-fluid was decanted into three 
separate flasks (depicted in Fig. 4). These samples 
were then processed using an ultrasonic device. 
The ultrasonic treatment was applied for a period 
ranging from 30 to 50 minutes to ensure optimal 
dispersion and stability of the nanoparticles within 
the oil.

Coefficient of performance (COP)
The efficiency of cooling systems and 

compressors is known as the coefficient of 
performance, which can be determined by the 

 

  

 

  

Fig. 3. Viscometer device.

Fig. 4. Mechanical and Ultrasonic equipment.
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ratio between the power used in the compressor 
and the amount of useful cooling in the evaporator 

or the useful heat from the condenser (thermal 
pump). Eq. 7 has been used to determine the 

Fig. 5. XRD analysis for Al2O3 / SiO2 hybrid nanoparticles.

 

  
Fig. 6. FESEM analysis of Al2O3 / SiO2 hybrid nanoparticles.

 

  
Fig. 7. Density of pure oil, nano-oil, and hybrid nano-oil.
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amount of COP for the device using mixed oil and 
nanoparticles. where Q is the heat supplied to or 
removed from the reservoir. W is the work done 
by the compressor. 

 

 

 COP = Q
W                                                                     (7)

RESULTS AND DISCUSSION
Fig. 7 shows the density of oil, nano-oil, 

and hybrid nano-oil. It is clear that the density 
increases when the nanoparticles are mixed with 
the oil. This increase reached 2.5% when mixed 
with nanomaterials, and 4% when mixed with 
hybrid nano-oil. This indicates that the use of 
hybrid nanomaterials increases the density of the 
oil.

Fig. 8 shows the viscosity of oil, nano-oil, 
and hybrid nano-oil. It is clear that the viscosity 

 

  

 

  

Fig. 8. Viscosity of pure oil, nano-oil, and hybrid nano-oil.

Fig. 9. Current against time period in pure oil, nano-oil, and hybrid nano-oil. 
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increases when the nanoparticles are mixed with 
the oil. This increase was (1.8%) when mixed with 
nanomaterials, and (2.3%) when mixed with hybrid 
nano-oil. This indicates that the use of hybrid 
nanomaterials increases the viscosity of the oil.

Fig. 9 shows the electrical current consumption. 
It is noted that the system operating on pure oil 
has the highest electrical consumption, while 
the system operating on nano-oil has reduced 
electrical current consumption by (20%). The 
system operating on hybrid nano-oil has reduced 
electrical current consumption (25%). It has been 
noted that the best amount of current saved in the 
system is when using hybrid nano-oil.

Fig. 10 shows a general downward trend for all 
three lubricants, indicating that they are all cooling 
down over the measured time period.

 The “Oil mixed with (Al₂O₃+SiO₂)” starts at the 
highest temperature (40°C), followed by the “Oil 
mixed with (Al₂O₃)” at approximately 37°C, and 
the “oil pure” at the lowest initial temperature of 
about 34°C.

Cooling Performance: The “Oil mixed with 
(Al₂O₃+SiO₂)” (blue line) exhibits the steepest 
and most consistent decline in temperature. 
This indicates it has the most effective cooling 
performance, dissipating heat more rapidly than 
the other two oils. The data presented in this figure 

 

  

  

 

Fig. 10. Temperature against time period in pure oil, nano-oil, and hybrid 
nano-oil.

Fig. 11. COP of a refrigeration system (split units) using pure oil, nano-
oil, and hybrid nano-oil.
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demonstrates that the addition of nanoparticles 
to the pure oil enhances its cooling properties. 
The hybrid nano-lubricant (“Oil mixed with 
Al₂O₃+SiO₂”) shows a markedly superior ability to 
reduce temperature compared to both the pure 
oil and the oil with a single type of nanoparticle.

Fig. 11 shows that the coefficient of performance 
(COP) of a refrigeration system (split units) using 
pure oil, nano-oil, and hybrid nano-oil is 2.7, 3.4, 
and 4, respectively. The actual COP of the system is 
evaluated at steady state when the lowest indoor 
temperature is reached and is calculated from the 
ratio of the evaporator air conditioning capacity to 
the total energy consumption. The best COP was 
observed when using hybrid nano-oil.

Future Technologies of Air conditioning [29-33]
1- is the production of nano-fluids that are more 

specialized to enhance refrigerant behavior and 
lessen oil-fouling, which is a recurrent issue that 
reduces the efficiency of the system. Such high-
tech lubricants also not only save energy but also 
prolong the life of HVAC components by reducing 
the wear of moving components. Blends of diverse 
nanoparticles known as hybrid nano-lubricants 
have also shown fair success in augmenting the 
coefficient of performance (COP) of the system.

2-These innovations are driven by the quest to 
achieve sustainability. One of the areas of study 
is optimization of nanoparticle blends to achieve 
less energy consumption of compressors without 
the need to compromise performance in support 
of the growing need of HVAC technologies that are 
environmentally friendly.

3- it is vital to review possible health and 
ecological effects of these materials in their 
lifecycle. Continued studies are on the importance 
of exploring the toxicity of nanoparticles in order 
to determine their safety to the human and the 
environment.

4- It is possible that in the future, the HVAC 
technology will focus on using biodegradable base 
fluids plus nanoparticles to improve its lubrication 
and stability without posing a new threat to the 
environment. Research and industry should 
collaborate to address the issues concerning the 
stability of nanoparticles as well as to develop 
definite safety rules. The incorporation of nano-
lubricants is one of the major steps that the HVAC 
sector makes its ecological goals by enhancing 
energy conservation, reduction of waste, and 
decreasing its total environmental footprint.

CONCLUSION
Nanoparticles were used in refrigeration 

compressor lubrication to improve the 
performance of a split-unit air conditioner. In this 
study, Al₂O₃ and Al₂O₃-SiO₂ nanoparticles at a mass 
ratio of 0.002 were suspended in the compressor 
oil. The study concluded the following:

1. The use of nanoparticles in refrigeration 
oils provides excellent energy savings, with 
approximately 25% energy savings when using 
hybrid nucleic oil compared to pure oil.

2. The use of hybrid nanoparticles in the 
refrigeration unit oil (split units) contributed to an 
18% lower temperature.

3. The coefficient of performance increased 
by 45% when using hybrid nucleic oil and by 25% 
when using nucleic oil compared to the standard 
system.

4. The experimental data were validated with 
previous data and showed good agreement with a 
deviation not exceeding 5%.
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