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Abstract- Improving the performance of vapour
compression refrigeration systems 1is crucial to
increasing energy efficiency and environmental
sustainability. This research focusses on using
nanoparticles as performance-enhancing additions in
refrigerants for vapour compression cycles.
Nanoparticles have exceptional thermal qualities, such
as strong thermal conductivity and increased heat
transfer capacities, which can greatly improve the
efficiency of both refrigerants and lubricants.
Nanoparticles, including zinc oxide (ZNO) , are tested
for their usefulness in traditional refrigerants. To
maintain consistent operation, suitable stabilisation
techniques are used to address difficulties such as
particle agglomeration and sedimentation. The
experimental results show that adding nanoparticles
increases the coefficient of performance (COP) via
improving heat transfer rates and refrigeration
efficiency.

Furthermore, the system consumes less energy, allowing
for more sustainable and cost-effective cooling options.
The effect of nanoparticle concentration, type, and size
on factors including thermal conductivity, pressure loss,
and compressor workload is comprehensively investi-
gated. Furthermore, the paper emphasises issues with
dispersion stability and mechanical wear while discuss-
ing alternative mitigating measures. The study finds
that, when properly constructed, nanofluids are a
promising breakthrough for improving vapour com-
pression systems. Their application can result in in-
creased heat transfer performance and energy savings,
contributing to the growing need for environmentally
friendly cooling systems. Future research should inves-
tigate optimal nanoparticle compositions, advanced na-
nomaterials, and compatibility with ecologically
friendly refrigerants to further boost performance and
sustainability.

This work contributes to the ongoing efforts to develop
energy-efficient refrigeration and air conditioning
systems, aligning with global energy conservation and
climate change mitigation goals.

I INTRODUCTION

Over the past two decades, the use of nanomaterials
in various base fluids has significantly improved heat

transfer rates, leading to greater thermal system effi-
ciency. In 1996-97, Choi S. pioneered a technique to
enhance nanofluid thermal conductivity by incorpo-
rating nanoparticles [1]. This work demonstrated how
metal oxide nanoparticles could improve fluid ther-
mal conductivity [2]. Since then, extensive research
has confirmed the benefits of nanoparticle-based
nanofluids in enhancing thermal applications. Choi’s
findings facilitated the use of nanofluids in a range of
thermal systems. Numerous studies on ZNO-based
nanofluids in refrigeration systems have evaluated
performance factors, primarily focusing on energy
consumption and the coefficient of performance
(C.0.P.). Biet al. [3] investigated ZNO and TiO2 na-
noparticles with HFC134a refrigerant in a household
refrigerator, reporting a 26.1% reduction in energy
consumption and other performance improvements.
Jwo et al. [4] noted a 2.4% reduction in energy use
and a 4.4% increase in C.O.P. when using an ZNO-
POE nano lubricant with R134a refrigerant. Sendilet
al. [5] conducted experiments with ZNO -based POE
nanofluids and varied R134a charges, achieving a
10.32% energy consumption reduction and a signifi-
cant C.O.P. increase. They also observed that ZNO-
POE-based nano lubricants with R134a reduced en-
ergy consumption by 2.4% and enhanced C.O.P. by
4.4%. Soliman et al. [6] combined R134a refrigerant
with ZNO —POE nanofluid to optimize the vapor
compression cycle, leading to a 50% increase in the
heat transfer coefficient, a 10.5% performance boost,
and a 13.5% drop in energy consumption. Yusof et
al. [7] also reported that incorporating ZNO -based
POE nanofluids with R134a improved system C.O.P.
and reduced energy consumption by 2.1%.. The tech-
nique of superheating and subcooling in conjunction
with ZNO nanofluid has demonstrated superior per-
formance for the refrigeration system to increase its
efficiency. [8]. Significant heat transfer improve-
ments were demonstrated in vapor compression re-
frigeration and an absorption refrigeration system us-
ing water and an ZNO nanofluid based on ammonia.
[9]. Other studies comparing ZNO -based nanofluid
to other nanoparticles in the refrigeration system are
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available in the literature. [13-18] where better nano-
particles have been used, like copper oxide, carbon
nanotubes, and titanium dioxide. The researchers
found that the performance parameters of the refrig-
eration system were improved when utilizing these
nanoparticles in comparison to ZNO nanoparticles.
However, the improvement was still greater when
compared to the conventional refrigerant system that
used ZNO -based nanofluid. The current study exam-
ines the performance and experimental aspects of the
R134a and R600a-powered vapor compression re-
frigeration test rig. Due to the paucity of information
on ZNO experiments using R600a. [14]. The current
work compares an ZNO-based nanofluid under iden-
tical physical conditions to R134a and R600a. Choi
created the first "Nanofluids,” which are 100 nm na-
noparticles mixed with basic fluids including oil, eth-
ylene glycol, and water. Renewable energy is one of
the fascinating applications of nanofluids. [11]. Re-
newable energy is one of the fascinating applications
of nanofluids. The remarkable qualities of nanofluids
include their thermal characteristics, steadiness, etc.
Numerous studies have found that base fluids are not
as capable of convective heat transfer as nanofluids.
[12] Efficient heat management systems are essential
for the proper functioning of car radiators. A study by
Choi [13] introduced nanofluids as an advanced cool-
ant for car radiators. These nanofluids have demon-
strated promising results in the renewable energy sec-
tor, particularly in enhancing convective heat transfer
properties and improving thermal conductivity. Due
to these remarkable features, nanofluids have in-
spired further exploration into the concept of nano-
refrigerants. The two main applications for nanoflu-
ids are coolants and lubricants. In refrigerant systems,
nanoparticles are directly added to the refrigerant,
whereas in lubrication systems, they are mixed with
the lubricant before being introduced to the refriger-
ant [14]. Although nano lubricants (such as polyol es-
ter oil, POE) and nano refrigerants (refrigerants con-
taining well-dispersed nanoparticles) are distinct,
many studies have focused on the thermal properties
of refrigeration systems using nanofluids without dis-
tinguishing between them. As a result, the specific
impact of nanoparticles on refrigeration performance
has not been fully explored. However, after review-
ing existing literature, we identified four key findings
from previous research [15-26].

Several researchers have examined refrigeration sys-
tems that aim to reduce Global Warming Potential
(GWP) and Ozone Depletion Potential (ODP),

primarily through two strategies. The first involves
replacing conventional refrigerants with low-GWP
refrigerants, often utilizing nanofluids in the process
[27-30]. While nano refrigerants contain well-dis-
persed nanoparticles, nano lubricants, such as POE
oils, contain nanoparticles mixed with lubricants.
Though they differ, studies on nanofluids' thermal
properties in refrigeration systems have typically not
separated them into nano refrigerants and nano lubri-
cants. Consequently, the effect of nanoparticles on re-
frigeration system efficiency has not been fully as-
sessed.

From the literature, four significant findings
emerged. One study [31-42] experimentally demon-
strated an improvement in thermal conductivity in a
nano refrigerant composed of carbon nanotubes
(CNT) and R113. Mahbubul et al. [32] conducted sol-
ubility tests with R134a and a POE lubricant contain-
ing TiO2 nanoparticles, reporting no impact on solu-
bility. Furthermore, Cremaster et al. [42] observed
that ZNO nanoparticles suspended in R22 increased
the boiling heat transfer coefficient. Additionally,
Park and Jung [34] showed that nano lubricants could
enhance the pool boiling heat transfer coefficient of
refrigerants and developed a model to predict the
boiling heat transfer coefficient in evaporators con-
taining nano lubricants.

1. NANOFLUID

2.1 Synthesis of nano-refrigerants

The development of nano-refrigerants and the prepa-
ration of well-dispersed nanofluids have been key re-
search topics. In the one-step method, nanoparticles
are initially synthesized and then dispersed into the
base fluid using various practical techniques. This
method demonstrates how quickly nanoparticles tend
to settle in the base fluid, emphasizing the importance
of preventing clumping before dispersion. The two-
step process is more commonly preferred due to its
simplicity and cost-effectiveness, as illustrated in
Fig. 2. Nanoparticles used typically include metals
like copper, nickel, and aluminium, as well as oxides
such as ZNO,. Factors like nanoparticle type, concen-
tration, size, shape, and preparation method must be
carefully examined for optimal refrigeration system
performance. The behaviour of migration and aggre-
gation is discussed in Section 6. Peng and colleagues
[46]

2.2 Development of nano-refrigerants and nano-
lubricants
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Nanoparticles are utilized in vapor compression re-
frigeration (VCR) systems to enhance efficiency,
forming nano-lubricants and nano-refrigerants. In
nano-lubricants, nanoparticles are mixed with oil to
reduce compressor power consumption, while nano-
refrigerants feature particles evenly dispersed within
the base refrigerant, improving thermophysical and
tribological properties (35, 36, 37). Typically, up to
50% of the lubricant remains in the compressor, with
the evaporator and dryer using 20% each, and the
condenser and hoses utilizing 10% (HVAC Equip-
ment Manufacturer Data). Nano-refrigerants primar-
ily enhance heat absorption, while nano-lubricants
improve compressor efficiency through better tribo-
logical performance (38, 39).

Two main research approaches focus on nanoparticle
integration: direct mixing with refrigerants and sus-
pension in lubricants. Nano-refrigerants improve
flow, pool boiling, and condensation heat transfer by
enhancing thermal conductivity, reducing the re-
quired pumping power. Conversely, nano-lubricants,
having a higher nanoparticle concentration, demon-
strate superior wear and friction reduction but face
challenges due to increased viscosity (39, 40). Opti-
mizing nanoparticle concentration is essential for bal-
ancing performance gains with potential drawbacks
(40).

Early experiments using Ti0.-R134a-MO nano-re-
frigerants demonstrated improved coefficient of per-
formance (COP) (39). Kedzierski and Gong (41) ob-
served that CuO-POE-R134a nano-lubricants in-
creased pool boiling heat transfer by up to 275%,
with even slight thermal conductivity improvements
yielding substantial heat transfer gains. Subsequent
studies by Bartelt et al. (42) confirmed these findings
for R134a-POE mixtures in flow boiling, emphasiz-
ing the critical role of nanoparticles in enhancing re-
frigeration system performance.
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Fig.1. SEM Image for AL203 nanoparticle particle
size

X60,000 0.2um  —

Fig 2. SEM Image for AL203 nanoparticle
Uniformity

Il PERFORMANCE ENHANCEMENT OF
NANOFLUID

3.1 Co-efficient of performance

The performance of the refrigeration system was sig-
nificantly enhanced by incorporating nanofluids.
Among the refrigerants tested, R600a outperformed
R134a. The addition of ZNO nanoparticles to R134a-
POE-based nanofluids led to improvements in the
C.O.P., with increases of 19.38% at 0.02 weight per-
cent, 22.44% at 0.04 weight percent, 29.5% at 0.07
weight percent, and 29.5% at 0.1 weight percent. The
system performed better with R600a-MO-based
nanofluids compared to R134a-POE. While pure
R600a refrigerant showed an improvement over
R134a, the use of R600a-MO led to a C.O.P. increase
of 3% at 0.02, 0.04, 0.07, and 10.25 weight percent
of ZNO, with a peak improvement of 14.95% at 0.1
weight percent. The highest C.O.P. of 2.69 was
achieved with R600a-MO-based nanofluid, although
the rate of improvement for R134a-POE nanofluid
was distinctly different from that of R600a-MO. [47].

V. FUTURE SCOPE

This study utilizes numerical methods and simulation
techniques.  Nevertheless, to validate the
effectiveness of nano refrigerants and assess energy
efficiency in  real-world cooling  systems,
experimental research is necessary, which this paper
does not address. The current study is limited to
lower concentrations and smaller nanoparticle
dimensions. Subsequent research could expand to
explore higher concentrations, various nanoparticle
geometries, and different sizes within the refrigerant.

V. CONCLUSION

In conclusion, the incorporation of nanoparticles into
vapor compression systems presents a promising
method for improving energy efficiency and system
performance. When nanoparticles are spread
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throughout the refrigerant, they can alter its
thermophysical ~ properties—such as  thermal
conductivity, viscosity, and surface tension—Ileading
to enhanced heat transfer and decreased compressor
workload. These enhancements result in reduced
energy usage, which is crucial for lessening the
environmental impact of refrigeration and air
conditioning. Additionally, nanoparticles assist in
preserving the long-term stability of refrigerants,
guaranteeing consistent system performance and
contributing to the overall longevity of vapor
compression systems. This technology also possesses
the potential to minimize the size and cost of systems,
making it an attractive choice for industries pursuing
more sustainable and economically viable solutions.
Nevertheless, there are obstacles to address, such as
ensuring nanoparticle stability, avoiding clogging,
and creating compatible lubricants for effective
operation.

In conclusion, the application of nanoparticles in

vapor  compression  systems  demonstrates
considerable potential for enhancing cooling
technologies. ~With additional research and

development, it can offer energy-efficient, eco-
friendly, and cost-effective solutions for various
industries in the future.

REFERENCES

[1] S.U.S. Choi, J.A. Eastman, Enhancing thermal
conductivity of fluids with nanoparticles, in:
International Mechanical Engineering
Congress & Exposition, ASME, San Fransisco,
1995. https://www.osti.gov/biblio/196525-
enhancingthermal-conductivity-fluids-
nanoparticles.

[2] S. Lee, -S. Choi, S. Li, JA. Eastman,
Measuring thermal conductivity of fluids
containing oxide nanoparticles, Trans. ASME.
121 (1999) 280-289.

[3] S. shan Bi, L. Shi, L. li Zhang, Application of
nanoparticles in domestic refrigerators Applied
Thermal Engineering. 28 2008 1834 1843
10.1016/j. applthermaleng.2007.11.018.

[4] C.-S. Jwo, L.-Y. Jeng, T.-P. Teng, H. Chang,
Effects of nanolubricant on performance of
hydrocarbon refrigerant system, J. Vacuum Sci.
Technol. B: Microelectron. Nanometer Struct.
27 (2009) 1473, https://doi.org/10.1116/
1.3089373.

IJIRT 179417 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

[5]

[6]

[7]

[8]

0]

[10]

[11]

[12]

[13]

S. Kumar, R. Elansezhian, Experimental Study
on Al203-R134a Nano Refrigerant in
Refrigeration System, International Journal of
Modern Engineering Research (IJMER), Vol.
2, Issue. 5, pp-3927-3929.

A.M.A. Soliman, S.H. Taher, A.K. Abdel-
Rahman, S.  Ookawara, Performance
Enhancement of Vapor Compression Cycle
Using Nano Materials, International
Conference on Renewable Energy Research
and Applications proceedings.

T.M. Yusof, A.M. Arshad, M.D. Suziyana,
L.G. Chui, M.F. Basrawi, Experimental study
of a domestic refrigerator with POE-AI203
nanolubricant, Int. J. Automot. Mech. Eng. 11
(2015) 2243-2252.

M. Aktas, A.S. Dalkilic, A. Celen, A. Cebi, O.
Mahian, S. Wongwises, A Theoretical
Comparative  Study on  Nanorefrigerant
Performance in a Single-Stage Vapor-
Compression Refrigeration Cycle, Hindawi
publishing corporation, Article ID138725.

A. Sozen, E. Ozbas_, T. Menlik, M.T. Cakir, M.
Gird, K. Boran, Improving the thermal
performance  of  diffusion  absorption
refrigeration system with alumina nanofluids:
An experimental study, Int. J. Refrig 44 (2014)
73-80,
https://doi.org/10.1016/j.ijrefrig.2014.04.018.
F. Jiang, J. Zhu, G. Xin, Experimental
investigation on Al203-R123 nanorefrigerant
heat transfer performances in evaporator based
on organic Rankine cycle, Int. J. Heat Mass
Transf. 127 (2018) 145-153,
https://doi.org/10.1016/j.ijheatmasstransfer.20
18.07.061.

0.0. Ajayi, D.E. Ukasoanya, M. Ogbonnaya,
E.Y. Salawu, I.P. Okokpujie, S.A. Akinlabi,
E.T. Akinlabi, F.T. Owoeye, Investigation of
the effect of R134a/Al203 -nanofluid on the
performance of a domestic vapour compression
refrigeration system, Procedia Manufactur.
Elsevier B.V. (2019) 112-117,
https://doi.org/10.1016/j.promfg.2019.05.012.

V. Nair, A.D. Parekh, P.R. Tailor, Experimental
investigation of a vapour compression
refrigeration system using R134a/Nano-oil
mixture, Int. J. Refrig. 112 (2020) 21-36,
https://doi.org/10.1016/j.ijrefrig.2019.12.009.

J.K. Lee, J. Koo, H. Hong, Y.T. Kang, The
effects of nanoparticles on absorption heat and

6641


https://doi.org/10.1016/j.ijrefrig.2014.04.018
https://doi.org/10.1016/j.promfg.2019.05.012
https://doi.org/10.1016/j.ijrefrig.2019.12.009

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

IJIRT 179417 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

mass transfer performance in NH3/H20 binary
nanofluids, Int. J. Refrig. 33 (2010) 269-275,
https://doi.org/10.1016/j.ijrefrig.2009.10.004.
V.M. v. Padmanabhan, S. Palanisamy, The use
of TiO 2 nanoparticles to reduce refrigerator ir-
reversibility =~ Energy  Conversion  and
Management. 59 2012 122132
10.1016/j.enconman.2012.03.002.

D. Elcock, Potential impacts of nanotechnology
on energy transmission applications and needs,
Argonne National Lab.(ANL), Argonne, IL
(United States), 2007.

C. Choi, H.S. Yoo, J.M. Oh, Preparation and
heat transfer properties of nanoparticle-in-
transformer oil dispersions as advanced energy-
efficient coolants, Curr. Appl. Phys. 8 (6)
(2008) 710-712.

V. Nair, PR. Tailor, A.D. Parekh,
Nanorefrigerants: A comprehensive review on
its past, present and future, Int. J. Refrig. 67
(2016) 290-307.

W. Azmi, et al., Potential of nanorefrigerant and
nanolubricant on energy saving in refrigeration
system—A review, Renew. Sustain. Energy Rev.
69 (2017) 415-428.

M.Z. Sharif, et al.,
improvement  in
performance by using nanorefrigerants and

Mechanism  for
refrigeration  system
nanolubricants — A review, Int. Commun. Heat
Mass Transfer 92 (2018) 56—63.

O.A. Alawi, N.A.C. Sidik, M.h.Beriache,
Applications  of and
nanolubricants in refrigeration, air-conditioning
and heat pump systems: A review, Int.
Commun. Heat Mass Transfer 68 (2015) 91-97.
W.H. Azmi, et al., Potential of nanorefrigerant
saving in

nanorefrigerant

and nanolubricant on energy
refrigeration system — A review, Renew.
Sustain. Energy Rev. 69 (2017) 415-428.

W.H. Azmi, et al.,, Heat transfer and friction
factor of water based TiO2 and SiO2 nanofluids
under turbulent flow in a tube, Int. Commun.
Heat Mass Transfer 59 (2014) 30-38.

R. Wang, et al., A refrigerating system using
HFC134a and mineral lubricant appended with
n-TiO2 (R) as working fluids, Tsinghua
University Press, Beijing, China, 2003.

W. Jiang, G. Ding, K. Wang, Calculation of the
conductivity of nanorefrigerant based on
particles aggregation theory, J.-Shanghai
Jiaotong University-Chinese Edition 40 (8)
(2006) 1272.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

M.A. Kedzierski, M. Gong, Effect of
CuOnanolubricant on R134a pool boiling heat
transfer, Int. J. Refrig. 32 (5) (2009) 791-799
K. Bartelt, et al., Flow-boiling of R-
134a/POE/CuO nanofluids in a horizontal tube,
2008

R. Downing, History of the organic fluorine
industry, Kirk-Othmer Encycl. Chem. Technol.
9 (1966) 704-707.

P. Brohan, et al., Uncertainty estimates in
regional and global observed temperature
changes: A new data set from 1850, J. Geophys.
Res. Atmos. 111 (D12) (2006).

E. Gao, etal., A review of application status and
replacement progress of refrigerants in the
Chinese cold chain industry, Int. J. Refrig. 128
(2021) 104-117.

V. Nair, HFO refrigerants: A review of present
status and future prospects, Int. J. Refrig. 122
(2021) 156-170.

H. Peng, et al., Heat transfer characteristics of
refrigerant-based nanofluid flow boiling inside
a horizontal smooth tube, Int. J. Refrig. 32 (6)
(2009) 1259-1270.

V. Trisaksri, S. Wongwises, Nucleate pool
boiling heat transfer of TiO2-R141b
nanofluids, Int. J. Heat Mass Transf. 52 (5)
(2009) 1582-1588.

N. Sezer, M.A. Atieh, M. Kog, A
comprehensive review on synthesis, stability,
thermophysical properties, and characterization
of nanofluids, Powder Technol. 344 (2019)
404-431.

D. Elcock, Potential impacts of nanotechnology
on energy transmission applications and needs,
Argonne National Lab.(ANL), Argonne, IL
(United States), 2007.

C. Choi, H.S. Yoo, J.M. Oh, Preparation and
heat transfer properties of nanoparticle-in-
transformer oil dispersions as advanced energy-
efficient coolants, Curr. Appl. Phys. 8 (6)
(2008) 710-712.

V. Nair, P.R. Tailor, A.D. Parekh,
Nanorefrigerants: A comprehensive review on
its past, present and future, Int. J. Refrig. 67
(2016) 290-307.

W. Azmi, et al., Potential of nanorefrigerant
and nanolubricant on energy saving in
refrigeration  system—A  review, Renew.
Sustain. Energy Rev. 69 (2017) 415-428.

6642


https://doi.org/10.1016/j.ijrefrig.2009.10.004

© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

[38] M.Z. Sharif, et al, Mechanism for
improvement  in  refrigeration  system
performance by using nanorefrigerants and
nanolubricants — A review, Int. Commun. Heat
Mass Transfer 92 (2018) 56-63.

[39] O.A. Alawi, N.A.C. Sidik, M.h.Beriache,
Applications  of  nanorefrigerant  and
nanolubricants in refrigeration, air-
conditioning and heat pump systems: A review,
Int. Commun. Heat Mass Transfer 68 (2015)
91-97.

[40] W.H. Azmi, et al., Potential of nanorefrigerant
and nanolubricant on energy saving in
refrigeration system — A review, Renew.
Sustain. Energy Rev. 69 (2017) 415-428.

[41] W.H. Azmi, et al., Heat transfer and friction
factor of water based TiO2 and SiO2 nanofluids
under turbulent flow in a tube, Int. Commun.
Heat Mass Transfer 59 (2014) 30-38.

[42] R. Wang, et al., A refrigerating system using
HFC134a and mineral lubricant appended with
n-Ti02 (R) as working fluids, Tsinghua
University Press, Beijing, China, 2003.

[43] W.Jiang, G. Ding, K. Wang, Calculation of the
conductivity of nanorefrigerant based on
particles aggregation theory, J.-Shanghai
Jiaotong University-Chinese Edition 40 (8)
(2006) 1272.

[44] M.A. Kedzierski, M. Gong, Effect of
CuOnanolubricant on R134a pool boiling heat
transfer, Int. J. Refrig. 32 (5) (2009) 791-799.

[45] K. Bartelt, et al, Flow-boiling of R-
134a/POE/CuO nanofluids in a horizontal tube,
2008.

[46] Yogesh Joshi Performance investigation of
vapor compression refrigeration system using
R134a and R600a  refrigerants  and
Al,O3 nanoparticle-based suspension.
,https://doi.org/10.1016/j.matpr.2020.11.732

[47] Zzafar Said , Shek M.A. Rahman , Maham A.
Sohail ,Ammar M. Bahman , Mohammad A.
Alim , Saboor Shaik , Ali M. Radwan ,Ibrahim
I. El-Sharkawy Nano-refrigerants and nano-
lubricants  in  refrigeration:  Synthesis,
mechanisms, applications, and challenges
https://doi.org/10.1016/j.applthermaleng.2023.
121211

IJIRT 179417 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6643



