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study is to improve performance of air conditioning by adding nanoparticles to oil of
compressor. The research applied computational fluid dynamics CFD to simulate the
use of SiO, nanoparticles in air-conditioning systems. Silicon dioxide (SiO,)
nanoparticles have better thermal properties than pure oil and can also significantly
enhance the performance of compressor oils as well as heat transfer capability in HVAC

Keywords: systems. This research investigates the reactions between (0.1%, 0.4%, and %0.7) of
CFD; Nanoparticles; Heat Transfer; SiO, nanoparticles with compressor oil, to determine their impacts on heat dissipation,
Laminar Flow; Fluid Flow; Cooling lubricant efficiency as well as performance overall. Results show that the addition of
Application nanoparticles to the oil lubricant increases the COP of the air conditioning system.

1. Introduction

Air conditioning systems and refrigeration are the most device famous of domestics' applications.
These systems are necessary for numerous cases, such as health care, transportation; food
preservation, and everyday life comfort [1]. They allow people to live and work in harsh climates,
providing heating — and cooling options. Refrigeration systems serve several different purposes —
cold storage, food preservation, and cryogenic applications [2]. Air conditioning systems assist in
keeping pleasant indoor temperature and humidity levels [3]. These systems also play a role in energy
efficiency and cost reduction since they control the operation of each section by using incoming air
temperature [4]. Moreover, the development of these systems aims at improving efficiency and
environment-friendly refrigeration technologies, as well as its application on such industries as data
centre cooling, electrical vehicle thermal management cryobiology best antibody array providers
[5]. The application of nanomaterials in refrigeration and air conditioning systems has been proven
to enable anincrease in heat transfer parameters, provide for a greater cooling capacity, and enhance
the overall performance of the systems [6-9]. Nanorefrigerant are mixtures of nanoparticles and pure
refrigerants; heat transfer in heat exchangers has been shown to improve by using such refrigerants,
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as well as performance when using a vapour compression refrigeration cycle [10]. Also, nanofluids
generated from the use of nanosized particles have been studied as possible alternatives for
conventional refrigerants with successful outcomes concerning their feasibility and potential
contribution to improved system performance [11]. Further, utilizing hybrid nano lubricants with
both the lubricant and nanoparticles has had an effect in improving the characteristics of individual
fullerene nanofibers while also increasing COP for vehicles’ air-conditioning systems [12]. In
summary, the use of nanomaterials in refrigeration and AC systems has a significant promise when it
comes to improving energy efficiency while preserving environmental friendliness. Different studies
have been conducted on the utilization of nanomaterials in oils for refrigeration and AC systems.
However, one research tested the application of nanodiamond polyester (NDPOE) lubricant oil in and
AC system. It revealed that it contributed to a decrease in compressor discharge temperature and
pressure but enhanced COP [13]. Another paper concentrated on the heat transfer of nano
refrigerants and showed that nanoparticles in fluids could increase the cooling effect capacity for
HVAC-R systems [14]. Moreover, the lubrication properties of rod-shaped Sepiolite (SP) and its
different carbon composites were studied, implying that incorporating SP — r GO nanoparticles in
improved cooling COP system [15]. studies have demonstrated that the utilization of nano lubricants
and refrigerant nano can enhance the performance of cooling systems and air conditioners by
improving COP further reducing power consumption that taken from the previous studies [16,17].

Summarizing of the literature survey is showed that improving COP is led to reduce power
consumption so that the adding solid nanoparticles to the oil of compressor will increase COP. The
aim of this study is to improve COP of air conditioning which reduce power consumption. The CFD
analysis by ANSYS/FLUENT adopted to solve the governing equations. The concentrations of
nanofluid are 0.1%, 0.4%, and %7 of SiO2 nanoparticles with compressor oil.

2. Methodology
2.1 CFD Simulations

CFD Air-conditioning is improved and system performance when nanoparticles of SiO2 are
utilized in air conditioning systems. Air conditioning of 4m length, 4m width and 2m height room in
summer environment conditions. Simulations involving these scenarios have demonstrated that
enhanced insulation levels and elevated set point temperature can lead to energy efficiency
improved by decreasing cooling load consumption, compressor and fan energies [18-20]. Moreover,
CFD models can predict the airflow velocity and temperature distribution in a room which is essential
for providing user thermal comfort. To perform CFD simulations, we would need to follow these
steps: 3D Modelling and Mesh Generation: Generate a 3-Dimensional model of the room intended
for cooling via an air-conditioning system taking into consideration its geometry as walls, floor or roof
with windows on it according to Figure 1. Once the geometry is created, generate a mesh to discretize
the domain. The mesh should be fine enough to capture the room accurately as shown in Figure 2.
Meshing Process has been conducted as Pre-processing which involves setting up the meshing
parameters, such as element size, type, and quality criteria. The type of Mesh can be used as
structured or unstructured. The choice of mesh type depends on the geometry and simulation
requirements. Boundary Layer Meshing is generated near solid surfaces to capture the velocity and
thermal gradients close to the walls accurately. Finally, the visualization of mesh may be visualized
to inspect the element distribution, refinement zones, and overall mesh quality before proceeding
with the simulation setup.
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Fig. 2. Geometry and mesh generated (a) Geometry (b) Meshing

2.2 Boundary Conditions

The boundary conditions in a Computational Fluid Dynamics (CFD) simulation typically include

specifying the conditions at the boundaries of the computational domain. These conditions help
define how the fluid interacts with the boundaries and can include parameters such as velocity,
temperature, pressure, and turbulence. Specific boundary conditions commonly used in CFD
simulations for air-conditioning systems may include:

Inlet conditions: Prescribing the velocity, temperature, and/or mass flow rate of the incoming
air into the room or HVAC system.

Outlet conditions: Specifying the pressure, velocity, or other parameters at the outlets to
simulate the flow exiting the domain.

Wall conditions: Defining the properties of the walls, such as temperature, roughness, and
material properties, which affect heat transfer and airflow patterns.

Symmetry conditions: Applying symmetry boundary conditions for symmetric geometries to
reduce computational costs.

Heat transfer conditions: Setting conditions for heat transfer, such as convection coefficients,
radiation properties, and heat fluxes at surfaces.

138



CFD Letters
Volume 17, Issue 2 (2025) 136-147

vi.  Turbulence conditions: Defining turbulence parameters at boundaries, such as turbulent
intensity and length scale for turbulent flows.

2.3 Evaluation of Heat Dissipation Capabilities

Researchers have been investigating ways to improve the performance of air-conditioning
systems by enhancing fuel efficiency. One approach is through optimizing the coefficient of
performance (COP) of air-conditioning systems.

The use of SiO2 nanoparticles dispersed in lubricants was also investigated for applications in air
conditioning systems. It was discovered that SiO2 nanolubricants' viscosity and thermal conductivity
increased with volume concentration but decreased with temperature. The allowable volume
concentration of SiO2 nanolubricants for air conditioning compressors was determined to be up to
1.0%, with higher thermal conductivity. Overall, the studies demonstrated the potential of Si02
nanoparticles in improving heat transfer and tribological properties in air-conditioning systems as in
references [21-25]. The thermophysical properties of SiO2/water nanofluid are including in Table 1.

Table 1

The thermophysical properties of Si0O2/water nanofluid [21]

Materials Density Thermal conductivity Viscosity
(kg/m?3) (W/m.K) (Pa.s)

SiO, nanoparticles 2559 1.5 -

0.1% Si02/water 2662 0.74 0.008

0.4% Si02/water 2726 0.79 0.019

0.7% Si02/water 2822 0.82 0.032

2.4 Examination of Overall System Performance

The use of SiO2 nanoparticles in air-conditioning systems has gained attention for improving
system performance and reducing environmental impacts. The use of SiO2 nanoparticles in
refrigeration systems has also shown improvement in heat transfer and overall performance.
However, factors like dispersion, aggregation, stability, and sedimentation should be considered for
sustainable performance improvement. Challenges like cost, toxicity effects, poor stabilization,
erosion effects, high viscosity, and clogging issues require further attention. Nanoparticle doping in
refrigeration systems has the potential for enhancing performance and reducing environmental
impact but needs careful consideration of various factors as in references [26].

3. Results and Discussion

Computer simulations provide an opportunity to validate aspects of ventilation, smoke
movement, natural airflow, and thermal comfort during the design stage. This study used CFD
simulations to study forced ventilation in an air conditioning room using ANSYS Fluent. Results
showed that the room temperature was higher than the comfort temperature due to the flow
stagnant zone on the backside. Three cases were used, with the room dimensions and AC duct
locations being the same. In the first case, the air temperature at the inlet point of the AC dust was
18°C with a velocity of 0.39 m/s. In the second case, the room temperature was 37°C with a
temperature of 20°C and an air velocity of 0.78 m/s. The wall temperature of the room was 40°C,
influenced by the environmental temperature. All room designs use identical room dimensions of
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(6x4x3.2m), a 1-ton air conditioning unit is used in this study contours of temperature, pressure and
streamline of airflow in the room are indicated in (Figure 3, Figure 4, and Figure 5).

Fig. 3. Temperature variations in Room

Fig. 4. Pressure generated due to air flow of AC duct in Room
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Fig. 5. Streamline of air flow in Room

3.1 Insights Into the Thermal Behavior of SiO2-Enhanced Compressor Oil

The use of SiO2 nanoparticles in lubricants for air conditioning compressors has gained attention
due to their potential to enhance heat transfer and tribology properties. A comparative study
investigated the heat conductivity and viscosity of SiO2 nanoparticles dissolved in lubricants made of
polyalkylene glycol (PAG) and compared them with Refs. [27-30]. Nanoparticle additives have shown
significant improvements in lubricating characteristics compared to pure oils. Nano-lubricants exhibit
enhanced thermophysical properties and anti-friction behaviours due to the small size of
nanoparticles, allowing for effective delivery to tribological contacts.

Furthermore, understanding the thermal behaviour of SiO2-enhanced compressor oil provides
valuable information about the performance of SiO2 nanoparticles in air-conditioning systems. Nano
lubricants have the potential to enhance heat transfer efficiency and reduce energy consumption in
refrigeration systems. Further research is needed to explore the application of nanoparticle-
enhanced lubricants in various components and optimize their performance for improving energy
efficiency in air conditioning systems.

Figure 6 indicates that the room has a minimum temperature of cooling which found that is 32 °C
when using standard air conditioning while the additive of 0.1%, 0.4% and 0.7% of SiO2 nano lubricant
the minimum temperatures are 31 °C, 30 °C, 29 °C respectively. It seems that the addition of SiO2
nanoparticles to the oil of the compressor has the potential power to reduce the temperature and
time of the cooling system.

Figure 7 shows the COP of the air conditioning system with different SiO2 nano lubricant volume
fractions. It can be seen that the addition of nanoparticles to the oil lubricant increases the COP of
the air conditioning system.
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Fig. 7. COP with SiO2 nano lubricant volume fractions
3.2 Potential for Improved Efficiency and Energy Savings

Nano-sized SiO2 particles have been found to be highly promising in enhancing the performance
and delivering energy savings of air conditioners. The compressors in these systems are one of the
key power consumers and lubricants play a significant role in reducing friction to achieve maximum
efficiency. Research conducted previously has shown that incorporating nanoparticles in lubricants
increases the effectiveness and performance of air-conditioning systems. Zawawi et al., [28] assessed
the application of nanolubricants based on multi-walled carbon nanotubes that led to a 17% decrease
in power consumption of compressors compared with conventional oils used for such purposes. This
also reveals the possibility that SiO2 nanoparticles can boost air-conditioning systems’ energy
efficiency. The viscosity of the lubricant used is crucial to system efficiency. High viscosity can impede
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oil flow and productivity of the system, while low viscosity may cause metal parts in direct contact
inside systems. This means that there is a need for careful selection of lubricants with appropriate
viscosity balance. Where once the provision of air-conditioning was considered a luxury, it is now
already seen as almost fundamental to providing comfort and safety in many buildings; there has
become an increased focus on sustainability properties of such systems coupled with energy
efficiency within them too. Adding nanoparticles enhances heat transfer mechanisms and results in
improved system performance. However, challenges such as stability, distribution, agglomeration,
and sedimentation need to be addressed for sustained performance improvement. Overall, the
introduction of SiO2 nanoparticles into air-conditioning systems holds great potential for improving
efficiency, reducing energy consumption, and enhancing performance as shown in Figure 8.
Continued research and development in this field will contribute to the advancement of sustainable
and efficient air-conditioning solutions in the automotive industry, ultimately benefiting both inside
room and the environment [30-34].

= Standard = 0.1%Si02 = 0.4% Si02 0.7% Si02

Fig. 8. Energy saving with SiO2 nano lubricant volume fractions
3.3 Work of Compressor

SiO; nanoparticles offer environmental benefits in air-conditioning systems. Conventional air-
conditioning systems consume a lot of energy and have negative environmental impacts, but SiO2-
enhanced systems provide a more efficient alternative. These systems effectively utilize waste heat
from the internal combustion engine, reducing energy consumption and improving efficiency. They
also use environmentally friendly refrigerants and have fewer moving parts, making them sustainable
and efficient cooling solutions for vehicles.

Figure 9, shows the work of compressor for SiO2/POE nano lubricant at different volume
fractions. The air conditioning system with SiO2/POE nano lubricant is conducted with lower work of
compressor than the standard system. The reduction of compressor work happened for almost all
volume concentrations except 0.1% and dropped up to 9% at 0.3% volume fractions. The work of the
compressor with SiO2/POE nano lubricant at 0.1% volume fractions indicated a small increment
higher than POE lubricants but insignificant.
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This discovery is connected to tribology and rheological behaviour. According to the prior
literature, the lower nano lubricants than their base lubricants contribute to lowering compressor
work in the current investigation via SiO2/POE nano lubricant. The compressor with nano lubricants
may run at low power levels, considerably decreasing compressor effort. However, owing to
rheological behaviour, increasing the volume percentages of nano lubricants would increase
compressor work. The viscosity of nano lubricants rose as the volume concentration increased.

As a result of the large viscosity increase, the compressor work of SiO2/POE nano lubricant is
higher than POE lubricants at volume concentrations greater than 0.07%. Though there seem to be
some worthwhile challenges that need addressing namely cost parameters, nanoparticle stability
when using SiO2 in air conditioning systems holds a lot of promise for efficient and environmentally
responsible cooling. These systems provide major environmental advantages compared to the
conventional ones, which makes them a suitable choice for moving the auto industry toward
sustainability. In conclusion, the use of SiO2 nanoparticles can transform air conditioning by
increasing energy efficiency and minimizing environmental effects. Systems with improved SiO2 offer
a sustainable and efficient method of cooling systems due to the use of waste heat and enhanced
lubricants [32-36].
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Fig. 9. Work compressor with SiO2 nano lubricant volume fractions

Figure 10 indicates the validation of CFD analysis and the experimental data available in the
literature. The performance of air conditioning is increased with nanoparticles concentrations. It was
observed that similar behaviour of present work performance with other data [1, 5].
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4. Conclusion

According to the data obtained from different studies, can be argued that using SiO2

nanoparticles in air-conditioning systems has helped improve their performance significantly. One of
the main conclusions is that the incorporation of SiO2 nanoparticles in lubricants enhances their
thermal and topological characteristics, prolonging life under unfavourable conditions. In the end,
this means using less energy and having longer-lasting components. To increase the efficiency of air
conditioning systems, high-efficiency components must be included. Modifying a component's
design, however, may be expensive and time-consuming. A potential remedy is provided by
nanoparticle dispersion technology, which improves system performance without changing the
current parts.The conclusions of this study are summarized as:

Vi.

The addition of SiO2 nanoparticles to the oil of the compressor has the potential power to
reduce the temperature and time of the cooling system.

The introduction of SiO2 nanoparticles into air-conditioning systems holds great potential for
improving COP, reducing energy consumption, and enhancing performance.

SiO2 nanoparticles have the potential to revolutionize air-conditioning by improving energy
efficiency and reducing environmental impacts.

4. Future study should address issues such stability, homogenous distribution, aggregation,
sedimentation, high cost, hazardous effects, inadequate stabilisation, erosion effects, high
viscosity, and clogging.

Additionally, the volume fractions of nanoparticles resulted in significant reductions in
compressor work (up to 23%) and power consumption (up to 18%).

By enhancing the thermal and topological properties of lubricants, SiO2 nanoparticles
contribute to reducing friction and surface degradation, ultimately leading to energy savings
and extended component lifespan.

Acknowledgment
This research was not funded by any grant.

145



CFD Letters
Volume 17, Issue 2 (2025) 136-147

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Radchenko, Mykola, Dariusz Mikielewicz, Veniamin Tkachenko, Michat Klugmann, and Andrii Andreev.
"Enhancement of the operation efficiency of the transport air conditioning system." In Design, Simulation,
Manufacturing: The Innovation Exchange, pp. 332-342. Cham: Springer International Publishing, 2020.
https://doi.org/10.1007/978-3-030-50491-5 32

Xu, Z., and R. Wang. "Air-conditioning and refrigeration: Current status and future perspectives." Kexue
Tongbao/Chin. Sci. Bull. 65, no. 24 (2020): 2555-2570. https://doi.org/10.1360/TB-2020-0147

Zhean, Ong Kwang, Mohd Fadhil Majnis, Mohd Azam Mohd Adnan, and Suhanna Natalya Mohd Suhaimy. "Efficient
methylene blue dye removal using hybrid ZnO/Co/Cs photocatalyst beads." Progress in Energy and
Environment (2024): 1-10. https://doi.org/10.37934/progee.27.1.110

Sanchez, Alejandro Ruiz, Jorge Andrés Sierra Del Rio, Angie Judith Guevara Mufoz, and José Alejandro Posada
Montoya. "Numerical and experimental evaluation of concave and convex designs for gravitational water vortex
turbine." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 64, no. 1 (2019): 160-172.
Hamdallah, Mustafa W., Omar M. Jumaah, Zaid A. Shaalan, and Adnan M. Hussein. "Performance Enhancement of
Air Conditioning (Split Unit) Using CuO/Qil Nano-Lubricant." In Materials Science Forum, vol. 1021, pp. 97-106.
Trans Tech Publications Ltd, 2021. https://doi.org/10.4028/www.scientific.net/MSF.1021.97

Bibin, B. S., and Edison Gundabattini. "Investigation on transport properties, heat transfer characteristics and
pressure drop of CuO enhanced R1234yf based refrigerant." Case Studies in Thermal Engineering 49 (2023):
103229. https://doi.org/10.1016/].csite.2023.103229

Li, Shengyu, and Jun Lu. "A theoretical comparative study of vapor-compression refrigeration cycle using Al203
nanoparticle with low-GWP refrigerants." Entropy 24, no. 12 (2022): 1820. https://doi.org/10.3390/e24121820
Ikumapayi, Omolayo M., Temitayo S. Ogedengbe, Opeyeolu T. Laseinde, Rasaqg A. Kazeem, Sunday A. Afolalu,
Adebayo T. Ogundipe, Stephen A. Akinlabi, and Esther T. Akinlabi. "A concise review on the Suitability of Nano-
Refrigerants for Residential Refrigeration Systems (RRS)." In E3S Web of Conferences, vol. 391, p. 01084. EDP
Sciences, 2023. https://doi.org/10.1051/e3sconf/202339101084

Zawawi, Nurul Nadia Mohd, Wan Hamzah Azmi, Mohd Fairusham Ghazali, and Hafiz Muhammad Ali. "Performance
of  air-conditioning system with different nanoparticle composition ratio of hybrid
nanolubricant." Micromachines 13, no. 11 (2022): 1871. https://doi.org/10.3390/mi13111871

Pundkar, A. H., and S. S. Chaudhari. "Performance parameters enhancement with application of nanotechnology
to MTR refrigeration system." Materials Today: Proceedings 72 (2023): 890-895.
https://doi.org/10.1016/j.matpr.2022.09.087

Aljuwayhel, Nawaf F., Naser Ali, and Ammar M. Bahman. "Experimental evaluation of split air conditioning
performance using nanodiamonds particles in compressor polyester lubricant oil." Applied Thermal
Engineering 231 (2023): 120961. https://doi.org/10.1016/j.applthermaleng.2023.120961

Feroskhan, M., T. Venugopal, Naif Mana Almakayeel, TM Yunus Khan, Saleh Alghamdi, Ali Saeed Almuflih, and N.
Gobinath. "Fundamentals, thermophysical properties, and heat transfer characteristics of nanorefrigerants: a
review." Journal of Nanomaterials 2022, no. 1 (2022): 8618152. https://doi.org/10.1155/2022/8618152

Akkaya, Mustafa, Adem Sarilmaz, Selami Balci, and Faruk Ozel. "Numerical and experimental analysis of
refrigerating performance for hybrid nanolubricants with sepiolite additives." Thermal Science and Engineering
Progress 37 (2023): 101576. https://doi.org/10.1016/j.tsep.2022.101576

Pundkar, A. H., and S. S. Chaudhari. "Performance parameters enhancement with application of nanotechnology
to MTR refrigeration system." Materials Today: Proceedings 72 (2023): 890-895.
https://doi.org/10.1016/j.matpr.2022.09.087

Aljuwayhel, Nawaf F., Naser Ali, Shikha A. Ebrahim, and Ammar M. Bahman. "Experimental investigation of
thermophysical properties, tribological properties and dispersion stability of nanodiamond-based nanolubricant
for air conditioning  systems." International  Journal of Refrigeration 145  (2023):  325-337.
https://doi.org/10.1016/j.ijrefrig.2022.09.022

Ismail, Mohamed, Waheed K. Zahra, and Hamdy Hassan. "Numerical investigation of the air conditioning system
performance assisted with energy storage of capsulated concave/convex phase change material." Journal of Energy
Storage 68 (2023): 107651. https://doi.org/10.1016/j.est.2023.107651

Saleh, Ahmad. "Dynamic Modeling and performance analysis of an air conditioning system using
Matlab/Simscape." In 2022 International Engineering Conference on Electrical, Energy, and Artificial Intelligence
(EICEEAI), pp. 1-6. IEEE, 2022. https://doi.org/10.1109/EICEEAI56378.2022.10050462

Yang, Maoli, Wenping Zhou, Xiangshu Liu, Yu Zhou, Jiayong Zhang, and Rui Qiang. "Experiment and Simulation
Study on the Heating Performance of Air Conditioners under Variable Working Conditions." In Journal of Physics:

146


https://doi.org/10.1007/978-3-030-50491-5_32
https://doi.org/10.1360/TB-2020-0147
https://doi.org/10.37934/progee.27.1.110
https://doi.org/10.4028/www.scientific.net/MSF.1021.97
https://doi.org/10.1016/j.csite.2023.103229
https://doi.org/10.3390/e24121820
https://doi.org/10.1051/e3sconf/202339101084
https://doi.org/10.3390/mi13111871
https://doi.org/10.1016/j.matpr.2022.09.087
https://doi.org/10.1016/j.applthermaleng.2023.120961
https://doi.org/10.1155/2022/8618152
https://doi.org/10.1016/j.tsep.2022.101576
https://doi.org/10.1016/j.matpr.2022.09.087
https://doi.org/10.1016/j.ijrefrig.2022.09.022
https://doi.org/10.1016/j.est.2023.107651
https://doi.org/10.1109/EICEEAI56378.2022.10050462

CFD Letters
Volume 17, Issue 2 (2025) 136-147

(19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

Conference Series, vol. 2360, no. 1, p. 012033. IOP Publishing, 2022. https://doi.org/10.1088/1742-
6596/2360/1/012033

Ismail, Mohd Farid, Wan Hamzah Azmi, Rizalman Mamat, and Hafiz Muhammad Ali. "Thermal and tribological
properties enhancement of PVE lubricant modified with SiO2 and TiO2 nanoparticles additive." Nanomaterials 13,
no. 1(2022): 42. https://doi.org/10.3390/nano13010042.

Zawawi, Nurul Nadia Mohd, Wan Hamzah Azmi, Mohd Fairusham Ghazali, and Anwar Ilmar Ramadhan.
"Performance optimization of automotive air-conditioning system operating with Al203-Si02/PAG composite
nanolubricants using Taguchi Method." Automotive Experiences 5, no. 2 (2022): 121-
136.https://doi.org/10.31603/ae.6215

Hussein, Adnan M., K. V. Sharma, R. A. Bakar, and K. Kadirgama. "A review of forced convection heat transfer
enhancement and hydrodynamic characteristics of a nanofluid." Renewable and Sustainable Energy Reviews 29
(2014): 734-743. https://doi.org/10.1016/j.rser.2013.08.014

Kaska, Sheren A., Rafeq A. Khalefa, and Adnan M. Hussein. "Hybrid nanofluid to enhance heat transfer under
turbulent flow in a flat tube." Case Studies in Thermal Engineering 13 (2019): 100398.
https://doi.org/10.1016/j.csite.2019.100398

Hussein, Adnan M., K. V. Sharma, R. A. Bakar, and K. Kadirgama. "The effect of cross sectional area of tube on
friction factor and heat transfer nanofluid turbulent flow." International Communications in Heat and Mass
Transfer 47 (2013): 49-55. https://doi.org/10.1016/].icheatmasstransfer.2013.06.007 .

Azeez, Kafel, Zainab Ali Ibrahim, and Adnan Mohammed Hussein. "Thermal conductivity and viscosity measurement
of ZnO nanoparticles dispersing in various base fluids." Journal of Advanced Research in Fluid Mechanics and
Thermal Sciences 66, no. 2 (2020): 1-10.

Hussein, Adnan M., K. V. Sharma, R. A. Bakar, and K. Kadirgama. "The effect of nanofluid volume concentration on
heat transfer and friction factor inside a horizontal tube." Journal of Nanomaterials 2013, no. 1 (2013): 859563.
https://doi.org/10.1155/2013/859563

Redhwan, A. A. M., W. H. Azmi, M. Z. Sharif, R. Mamat, and N. N. M. Zawawi. "Comparative study of thermo-physical
properties of SiO2 and Al203 nanoparticles dispersed in PAG lubricant." Applied Thermal Engineering 116 (2017):
823-832.https://doi.org/10.1016/j.applthermaleng.2017.01.108

Ibrahim, Zainab Ali, Adnan M. Hussein, and Qussay Kamel. "A review of solar energy storage techniques of solar air
collector." International Journal of Environmental Science 5 (2020).

Zawawi, N. N. M., W. H. Azmi, and M. F. Ghazali. "Tribological performance of Al203-Si02/PAG composite
nanolubricants  for  application in air-conditioning  compressor." Wear 492 (2022): 204238.
https://doi.org/10.1016/j.wear.2022.204238

Sharif, M. Z., W. H. Azmi, A. A. M. Redhwan, R. Mamat, and G. Najafi. "Energy saving in automotive air conditioning
system performance using SiO 2/PAG nanolubricants." Journal of Thermal Analysis and Calorimetry 135 (2019):
1285-1297. https://doi.org/10.1007/s10973-018-7728-3

Sanukrishna, S. S., Muhammed Shafi, Maneesh Murukan, and M. Jose Prakash. "Effect of SiO2 nanoparticles on the
heat transfer characteristics of refrigerant and tribological behaviour of lubricant." Powder Technology 356 (2019):
39-49. https://doi.org/10.1016/j.powtec.2019.07.083

Narayanasarma, Subramani, and Biju T. Kuzhiveli. "Evaluation of the properties of POE/SiO2 nanolubricant for an
energy-efficient refrigeration system—an experimental assessment." Powder technology 356 (2019): 1029-1044.
https://doi.org/10.1016/j.powtec.2019.09.024

Zawawi, N. N. M., W. H. Azmi, and M. F. Ghazali. "Performance of Al203-Si02/PAG composite nanolubricants in
automotive air-conditioning system." Applied Thermal Engineering 204 (2022): 117998.
https://doi.org/10.1016/j.applthermaleng.2021.117998.

Ibrahim, Zainab Ali, Qusay Kamil Jasim, and Adnan Mohammed Hussein. "The impact of alumina nanoparticles
suspended in water flowing in a flat solar collector." Journal of Advanced Research in Fluid Mechanics and Thermal
Sciences 65, no. 1 (2020): 1-12.

Vasta, Salvatore. "Adsorption Air-Conditioning for Automotive Applications: A Critical Review." Energies 16, no. 14
(2023): 5382. https://doi.org/10.3390/en16145382

Hussein, Adnan M., Rosli Abu Bakar, Kumaran Kadirgama, and K. V. Sharma. "Experimental measurements of
nanofluids thermal properties." International Journal of Automotive and Mechanical Engineering 7 (2013): 850-
863. https://doi.org/10.15282/ijame.7.2012.5.0070

Azeez, Kafel, Ayad Fouad Hameed, and Adnan M. Hussein. "Nanofluid heat transfer augmentation in a
double pipe heat exchanger." In AIP Conference Proceedings, vol. 2213, no. 1. AIP Publishing, 2020.
https://doi.org/10.1063/5.0000243

147


https://doi.org/10.1088/1742-6596/2360/1/012033
https://doi.org/10.1088/1742-6596/2360/1/012033
https://doi.org/10.3390/nano13010042
https://doi.org/10.31603/ae.6215
https://doi.org/10.1016/j.rser.2013.08.014
https://doi.org/10.1016/j.csite.2019.100398
https://doi.org/10.1016/j.icheatmasstransfer.2013.06.007
https://doi.org/10.1155/2013/859563
https://doi.org/10.1016/j.applthermaleng.2017.01.108
https://doi.org/10.1016/j.wear.2022.204238
https://doi.org/10.1007/s10973-018-7728-3
https://doi.org/10.1016/j.powtec.2019.07.083
https://doi.org/10.1016/j.applthermaleng.2021.117998
https://doi.org/10.3390/en16145382
https://doi.org/10.15282/ijame.7.2012.5.0070
https://doi.org/10.1063/5.0000243

