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ABSTRACT 

The efforts to promote energy-efficient and environmentally friendly nano-based refrigerants are now being 

favoured. To this effect, in this paper, the new trend, prospects, and investigations of nano-based refrigerants in 

refrigeration systems are reviewed. It was found that various thermal characteristics have been reported as 

favourable regarding nano refrigerants. These include a reduction in the power consumption, increase in the 

coefficient of performance (COPr), improved tribological pressure drop property of nano-lubricant, and increase 

in the thermal conductivity of the hybrid-refrigerant. The discussions here thus suggest that nano-particles are 

highly favoured to be included in a typical refrigeration system.  
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INTRODUCTION 

The energy consumed by refrigeration systems is usually enormous. For instance, reports show that for 

supermarkets, the refrigerator systems can take between 50 and 80% of the total power consumed [1]. This has 

necessitated researchers to look for ways to optimize refrigeration systems. In refrigerating and cooling 

processes such as the one shown in Figure 1, the physical properties such as viscosity, thermal conductivity, and 

the specific gravity of refrigerants play vital roles in the high-performance delivery of energy to the cooling 

compartment.  

In recent times, the development of a more efficient thermal system is in the front line as the demand for energy 

keeps increasing due to the increase in the population of the world. There is also concern over the increase in the 

mean temperature as a result of the discharge of harmful substances and greenhouse gases into the environment. 

The bulk of these discharges usually comes from fossil fuel depletion and the use of non-friendly refrigerants. 

The need to develop environmentally friendly and more efficient energy-carrier refrigerants is key for 
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sustainability. However, each nano-feedstock presents unique thermo-physical characteristics. On the other side, 

nanofluids have been involved in different disciplines and industries not limited to drug delivery and medicine 

[2, 3], nuclear energy [4, 5], automotive [6-8], lubrication [9, 10], microchannels [11-13], renewable energies 

[14-16], electronic cooling[17, 18], heating and cooling processes [7, 19-23] , and heat exchangers [24, 25]. The 

use of refrigerant-based nanofluids is gaining more ground as the drawbacks are still subjects of researches. 

Researches are ongoing on the feedstock and the loading of the nanofluids into the refrigeration system to obtain 

significantly positive results. They looking forward produce smaller and more affordable refrigeration 

equipment by demonstrating some promising aspects like enhanced pool boiling and convective heat transfer 

coefficients [26].  

In this paper, we present a quick review of the applications of nano refrigerants in refrigerating systems in both 

domestic and industrial sectors. Besides, focusing on using numerical analysis to investigate the effect of using 

nanorefrigerents in various thermal systems. In the current paper also, we provide a summary of some 

limitations of nanoparticles for refrigeration systems, which need to be taken into consideration during various 

studies, and propose some future research directions and gaps that will need more attention from researchers. 

 

Figure 1. Vapour compression refrigeration system 

NANOREFRIGERANTS IN REFRIGERATION SYSTEMS 

A brief review of the research area of nanofluids for refrigeration systems 

The research space of this area of study was investigated to get a feel of the work that has been done in the area. 

A search string " Nanorefrigerant OR Nanoparticle-based Refrigerant" AND "Thermal Performance OR heat 

transfer performance", was used to carry out the investigation and the following was observed (Figs 2 to 7).  
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Figure 2. A plot of annual scientific production 

In Figure 2, we can see a steady rise of publications from 2006 to 2020 in the nanorefrigerant research area. This 

rise shows that this research area has immense potential for better refrigerant and refrigeration systems. 

 

Figure 3. A plot of most cited documents 

Figure 3 shows a plot of the most cited authors in nanorefrigeration. We can observe that the most cited authors 

in descending order are Trisaksri, Ikholeslami, Jiang who have worked extensively in this field and have 

provided insightful results in this area. For example, Trisaksri and Wongwises carried out a critical review of 

these fluids. Others have also done similar work in this area. 
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Figure 4. A plot of author’s h-indices 

Figure 4 shows a plot of h-indices for authors in the nanorefrigeration research area. We can see that Saidur and 

Mahbubul are highly ranked in this area. They have an h-index above 7.5. 

 

Figure 5. A plot of the number of documents by authors in this area 

Figure 5 shows that Peng and Saidur have the highest number of documents in the area of nanorefrigerants. 

They both have many documents above 10 which show active work in this area. 
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Figure 6. A plot of the h index of different journals 

Figure 6 shows that the international communications in heat and mass transfer, international journal of 

refrigeration, International journal on heat and mass transfer have h-index greater than 10. Showing that these 

journals have published important works in this area of study. 

 

Figure 7. A plot of the number of documents published by different journals 

Figure 7 shows that the international communications in heat and mass transfer, International journal on heat 

and mass transfer, International journal of refrigeration have many documents greater than 15. Showing that 

these journals have published a high number of works in this area of study. 

Performance improvement of refrigeration and airconditioning systems with nanofluids 

The effect of nanofluids on the performance of nanofluids in refrigeration and airconditioning systems are 

presented here. In terms of performance improvement of refrigeration and air conditioning systems, nanofluid 
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can have any of the roles: (1) as lubricant based nanofluids also (nanolubricant) [27-29] (2) as refrigerant-based 

nanofluid (nanorefrigerant)[30-33] (3) as secondary fluid (refrigeration system’s coolant for heat rejection, and 

secondary refrigerant for the evaporator side) [34-36]. 

Mahbubul et al. [37] evaluated the thermophysical properties of nanorefrigerants and how they affect the 

performance efficiency of refrigerators and air-conditioners. A mixture of Aluminium oxide (Al2O3) and 

R-134a containing 5% of the metallic oxide was used as a nanorefrigerant at 283K to 308K temperature range in 

an even horizontal pipe based on conventional correlations. Results show that a nanorefrigerant mixture of 

Al2O3 and R134a outweighs R-134a when used alone, in density (11%), viscosity (13.68%), and thermal 

conductivity (28.58%). However, the specific heat capacity of R-134a was higher than the nanofluid mixture. 

The nanorefrigerant mixture gave a higher coefficient of performance in density (3.2%), specific heat capacity 

(2.6%), and thermal conductivity (15%) vis a viz R-134a. Various nano-refrigerants application and preparation 

methods were presented by [38]. The stability potential of the nanofluid was also exploited [38] and was found 

to be affected by the concentration of the nano-particle in the refrigerant. Therefore, for long-term stability to be 

ensured the nanoparticle concentration must be optimized. Several kinds of research [39-42] have been carried 

out to estimate the thermal properties of the refrigerant-based nanofluids. In [39], R600a and CuO were 

employed to carry out frictional pressure drop investigation in a vapour compression refrigeration cycle. The 

results showed significant improvement in the frictional pressure drop with the inclusion of nanoparticles in the 

refrigerant. Conduction and convection were also found to increase as a result of the inclusion of the CuO 

nanoparticles in the refrigerant. Also, the combination of R134a and CuO and/or Polyalkylene glycol 

nanoparticles were charged into the refrigeration system by [40]. Their investigation showed improvement in the 

coefficient of performance and reduction in power consumption. The frictional properties of the nano-mixture 

were also found to improve as a result of the synthetic oil inclusion [40]. Aluminium oxide (Al2O3) based 

nanofluid was independently investigated by [41, 42] using different refrigerants. The experimental studies of 

[42] showed promising improvement in the heat transfer characteristic with about 12% reduction in the power 

consumed by the vapour compression refrigerator. The comparison of the baseline case-R134a and 

nanorefrigerant (R134a + Al2O3) by [41] show that there was a significant drop in the temperature of the 

cooling compartment of the refrigerator from about 7% to 12%. Similarly, the heat transfer coefficient of nano 

refrigerant was studied by [43] employing Al2O3 nanoparticles in R134a. Their analyses showed that the total 

heat transfer coefficient, thermal conductivity increased and specific heat decreased with increase in particle 

concentration. 

[44] reviewed literature to uncover the effects of the application of nanofluids on the energy efficiency of 

systems where nanorefrigerants and nanolubricants are used. They revealed that the application of nanofluids on 

refrigeration systems promises better performance in their mechanical and thermodynamic properties. A 21% 

energy was saved by the application of zinc oxide nano lubricant (R152a) with zero potential of ozone layer 

depletion, reduced potential of global warming and improved coefficient of performance of refrigeration 

systems. In [45-47], the cooling performance of refrigerants were studied by employing titanium oxide (TiO2) 

nanoparticles charged into different conventional refrigerants. According to [45], various concentrations (g/L) of 

titanium oxide in 30 g of refrigerant R600a were studied in a domestic refrigerator. The employment of TiO2 

particles is found to improve the rate of cooling while energy consumption is reduced tremendously. However, 

in [46], R-134a was employed for their experiment. Their results [46] showed that the COPr of the refrigerator 

improved significantly with the inclusion of the TiO2 nanoparticle in the refrigerant system. [47] used R600a for 

their experimental investigation and discovered about 10% less in energy consumption when compared with 

pure R600a.  

[48] carried out a numerical investigation on a nanofluid synthesised from mango bark. The novel idea was 
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subjected to analysis and the outcome showed a remarkable improvement in Nusselt number by about 68%. The 

mass flow rate and heat rejected were included in the investigation of the performance of the condenser of the 

vapour compression of the refrigerator [49]. Their results indicated improvement in the mass flow rate and 

reduction in the heat rejected at the condenser unit when nanorefrigerant was employed. The pressure drop of 

nanorefrigerant was studied by [50] utilising CuO as the nanoparticle and isobutene as the source fluid. Their 

work utilised various mass fluxes of the nanoparticles and the results showed significant pressure drop due to 

the condensation flow pattern in the refrigeration cycle. Various concentrations of Al2O3 are employed by [51] 

to investigate the energetic characteristic of LPG refrigerant. According to [51], a concentration of 0.6 g/L 

produced the most effective outcome whereas, a concentration of 0.2 g/L performed better than other 

concentrations in terms of COPr. However, a concentration of 0.6 g/L recorded the lost discharge temperature. 

Exergy measurement is included in [52] analysis. Energy consumption is lowest for TiO2 and CuO nano-based 

refrigerants compared to other nano-materials.  

Two different nanorefrigerants (Al2O3-Ethylene glycol and TiO2-Ethylene glycol oils) are employed separately 

in refrigerant R134a as nano-based particles [53]. The COPr of the refrigeration system [53] improved by about 

12% with the employment of Al2O3 while the use of TiO2 produces a remarkable increment of about 21% in 

terms of COPr. In another investigation [54] aluminium oxide is used along with a refrigerant blend of R290 and 

R600a. The improvement in the coefficient of performance depends on the blend concentration of all the fluids 

involved. The ratio 0.9:0.1 of R290/R600a with the inclusion of the nano-particles of Al2O3 produces the best 

result [54]. In general, COPr increases while power consumption reduces with the use of the nano-particles in 

the refrigerant blend. 

In [55], a micro-fin tube was employed to investigate nano-oil in R600a refrigerant. Various loading parameters 

of the nano-oil and condensation pressures were investigated. The refrigerating cycle was also run in pure form 

without any additive. The result showed that the employment of isobutene (R600a) improves the heat transfer in 

the refrigerator’s heat exchanger (condenser). The heat transfer coefficient is increased up to a significant level 

of about 75%. [55] opined that loading of nano-particle at low vapour quality seems to be very effective for high 

heat transfer. 

Computational and experimental evaluations of nano-particles were carried out using refrigerant R718 and other 

refrigerants [56]. Their thermal performance improved by 27% with the use of the nano-refrigerant when 

compared without the use of nano-particles. However, the maximum performance was observed when using the 

Al2O3 in R134a while minimum performance was recorded using TiO2 in R404a. Computational studies were 

also conducted by [57] employing CuO and R134a. The results show that the heat transfer coefficient increases 

with the inclusion of Cu based-nanoparticles. In the investigation of [58], refrigerants R134a, R600a, PAG oil 

are used with CuO-based nanoparticles for experimental evaluation. Their result showed that R134a has lesser 

COPr compared to R600a because refrigerant R600a recorded lesser energy consumed when compared with 

R134a. Nusselt number measurements were taken [59] with the use of TiO2 nanoparticles in the R134a 

refrigerant. Many nanoparticles concentration were used during experimentation. Nusselt numbers were found 

to increase with an increase in heat flux and Reynolds number and nanoparticles concentration [59]. [60] 

investigated the application of Cu, CuO, Al, and Al2O3 nanoparticles as the potential agent for enhancing the 

refrigeration efficiency of R141b in smooth and internally corrugated tubes and reported that Cu-R141b 

nanofluid performed significantly better when results were compared with other nanofluids while the results 

with corrugated tubes were better than that for the smooth tube. [61] reported on the application of TiO2 

nanofluid as the potential coolant for radiators in automobiles to enhance the heat transfer rate which also helps 

in saving the fuel consumption as well as in the reduction of the size of radiators by 30% for the same 

performance. [62] conducted experiments to investigate the heat transfer and pressure drop with MWCNT- 



Thermal Performance of Nano Refrigerants: A Short Review 

96 

 

R123 based nanofluid inside a horizontal circular tube and reported enhancement in heat transfer and pressure 

drop with increase in the volume fraction of nanoparticles and developed correlation to predict the heat transfer 

coefficient with nano refrigerants. [63] experimentally reported on the heat transfer and pressure drop inside a 

tube with Cuo-R600a nano-refrigerant as the working fluid and revealed that addition of nanoparticulate in the 

refrigerant significantly enhanced conductive and convective heat transfer as well as the frictional losses. [64] 

performed an experimental study and reported on the heat transfer and frictional losses associated with the usage 

of CNT-Propanol nanofluid as the potential refrigeration agent. Approx. 70% enhancement in the thermal 

performance was reported with 0.3% CNT-based nanofluid. [65] conducted experiments and computational 

analysis with CuO-R134a nano-refrigerant in vapor compression refrigeration system and reported enhancement 

in thermal coefficient. [17] reported on the application of Al2O3-water as the cooling agent for electronic 

devices. All the experiments were conducted in the turbulent flow regime with nanofluid having 1, 3.1 and 6.8% 

volume fraction of nanoparticles in the base fluid. It is found that increasing the volume fraction increase the 

thermal transport with maximum heat transfer enhancement reported with 6.8% Al2O3 nanoparticle nanofluid. 

[66] experimentally reported on the influence of adding the surfactant in the Cu-R113 nano-refrigerant to 

enhance the nucleate boiling heat transfer. It was revealed that the addition of surfactant in a small amount 

enhances the heat transfer through nucleate boiling while enhancing the volume fraction has an adverse effect 

on the thermal performance of nano-refrigerant. [50] conducted experiments to investigate the pressure drop in 

horizontal duct with CuO-R600a nano-refrigerant as the working fluid and revealed that the addition of 

nanoparticles in the refrigerant increases the pressure drop significantly. [67] reported on the condensing heat 

transfer enhancement with R600a/POE/CuO nano-refrigerant in flat tube condenser and revealed heat transfer 

coefficient enhancement with the use of nano-refrigerant when results were compared with pure refrigerant 

results. [9] investigated the nanofluids as the cooling and lubricating agent for the micro-drilling application and 

found that with the usage of nanofluid the capacity of drilling enhanced significantly while reduction in drilling 

torque and thrust force was also reported.  

[68] conducted experiments to investigate the impact of SiO2 /PAG nano-lubricant on the thermal performance 

of automotive air conditioning unit and reported enhancement in the COP of the air conditioning unit for all the 

volume fraction of nanoparticles. Application of TiO2 + BaCl2 aqueous solution nanofluid for the 

low-temperature cool storage is investigated by [69]. Thermo-physical properties and stability of the nanofluid 

were also investigated. It is found that thermal conductivity and viscosity of the fluid is increased while the 

supercooling capacity of the fluid is reduced. [70] conducted an experimental assessment on the domestic 

refrigeration unit with TiO2-R600a as the working fluid and reported enhancement in the performance of the 

refrigerator which reduced energy consumption.  

[71] investigated the effect of using alumina nanofluid for vapour absorption refrigeration system and revealed 

that adding the nano-particles in the base fluid increases the surface area for the heat transfer as well as augment 

the thermal conductivity of the working fluid. It was reported that using the nanoparticles increase the heat 

absorption capacity of working fluid while at the same time fasten the evaporation capacity of the cooler. [72] 

conducted an experimental study to reveal the impact of flatness of tube and nano-refrigerant on the thermal 

performance and reported that an increase in the flatness increases the heat transfer coefficient of the 

nano-refrigerant. [73] conducted experiments to find the thermo-hydraulics of MWCNT-R141b nano-refrigerant 

of different weight fractions inside a corrugated tube and reported that nano-refrigerant with 0.3% weight 

fraction gives the highest thermal performance with 40% increment in the Nusselt number. [74] investigated the 

SWCNT and Ag nanofluids as the secondary working fluid for the refrigeration system and employed regression 

and neural networking for developing the correlations for determining the thermo-physical properties of 

nanofluid. It is found that SWCNT performed better over Ag nanofluid. [31] conducted experiments for 
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investigating the thermal performance of CuO-R113 nano refrigerant in the horizontal circular duct and develop 

the correlations to predict the thermal performance. It is found that nano-refrigerant performed significantly 

better than plain refrigerant. [75] reported on irreversibility and loss of available energy during condensation 

heat transfer with CuO-R600a nano-refrigerant. It was found that increasing the volume fraction of 

nanoparticles in the refrigerant enhances the irreversibility of the resulting working fluid.  

Research status of nano refrigerant for domestic and industrial refrigeration 

The prospect of nano refrigerant for domestic and industrial applications are discussed in this section. In general, 

it can be seen that many successes have been recorded in the use of nano refrigerants in thermal systems. The 

review is presented as follows. 

[76] investigated the application of nanoparticles on refrigerator lubricants and their effect on the performance 

of refrigerator systems and air-conditioners. In their work, 0.1% and 0.5% fractions of diamond nanoparticles 

were added to polyol ester refrigerator oil and the performance of the nanofluid was evaluated. Results showed 

that the application of the nanoparticles reduced friction by approximately 4% (due to 0.1% fraction) and 30% 

(due to 0.5% fraction) and increased the COPr and cooling capacity by 0.5% and 5% respectively. 

[37] realized an increase in the pressure drop and heat transfer characteristics of refrigeration systems upon 

application of nanofluid (Al2O3/R141b) at 25 oC, 0.078535 MPa with a mass flux of 100kg/m2s. Kundan and 

Singh compared the COPr of refrigeration systems under a pure R134a refrigerant and an R134a mixed with 

Al2O3 nanoparticles. They realized a 7.20% and 16.34% increase in the coefficient of performance of 

refrigeration systems for a volume flow rate of 6.5 L/h and 11 L/h using 0.5 to 1% of the nanoparticles. The 

authors also recorded an increase in the cooling capacity of the refrigeration system under study, a 3.0% to 23.77% 

temperature reduction of the condenser, and 4.69% to 39.30% temperature gain in the evaporator. 

[70] performed an experimental study on the use of TiO2-R600a nano-refrigerants as a substitute refrigerant 

without any need for system remodelling. It was found that it worked safely. Furthermore, it was found that its 

thermal performance was better than that of a pure R600a system, with about 10% less energy consumed with 

0.5 g/L TiO2-R600a nano-refrigerant.  

[77] investigated the application of aluminium oxide nanoparticles on the compressor oil of refrigeration 

systems compressor to enhance the performance of vapour compression. Their results revealed that 1.5%, 1.7% 

and 1.9% fractions by mass of the nanofluid added to the oil increased coefficient of performance of the system 

by 19.14%, 21.6%, and 11.22% respectively. 

[78] scrutinized the performance of the vapour compression system using nano-refrigerant. 0.1%, 0.25% and 0.4% 

concentrations of Copper II Oxide (CuO) dispersed Polyolster and R-134a were used in studying the system 

performance. Results showed that an increase in the concentration of CuO nanoparticles augments the 

performance of the system. From his results, 0.4% concentration of the Nano-refrigerant compared with pure 

refrigerant has a higher performance of 10%, and 1.5% rise in the coefficient of performance (COPr) with a 

reduction in power consumption of 7% using 0.4% of the Nano refrigerants.  

[79] studied the performance of ZrO2 nanoparticles and R125a as a nano refrigerant in a vapour compression 

refrigeration system. The authors noted that ZrO2 and R125a were safe for usage in R134a refrigerating system. 

Various concentrations ranging from 0.01% to 0.06% with a particle size of 23 nm of ZrO2/R134a and 

ZrO2/R152a were considered. Results showed that there was a significant improvement of 33.45% when the 

volume of the ZrO2/R125a used is 0.06%. From their work, it was also found that the discharge temperature of 

R152a and ZrO2/R134a was the same.  

[80] investigated the thermal conductivity characteristics of CNT nano refrigerants. From their results, CNT 
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Nano refrigerants have higher thermal conductivities as compared to other Nano refrigerants like CNT-water 

Nano-fluids or spherical-Nanoparticle-R113. They highlighted the importance of the diameter and aspect ratio in 

enhancing the thermal conductivity of CNT nano refrigerants. The Yu-Choi model was proven to be more 

accurate compared to the other models with a mean deviation of 15.1%. From their results, they presented a new 

model by improving the empirical constant of the model to obtain a mean deviation of 5.5%. 

[36] reviewed nano refrigerants and presented that thermal conductivity increases with volume concentration 

and mass fraction of the nanoparticles, with Nanorefrigerant having higher thermal conductivity compared to 

base fluids, CNT-based (carbon Nanotube) has high thermal conductivity. An increase in the size of the 

nano-particles decreases the thermal conductivity of the nano-particle. The viscosity of Nano refrigerant 

decreases as the temperature rises and increasing the particle volume fraction increases viscosity. Nano 

refrigerant-based systems also consumed less energy. 

[81] investigated the effects of nano-oil on the performance of vapour compression refrigeration systems (VCRs) 

considering factors such as Coefficient of performance (COPr), refrigerating capacity, power of the compressor, 

and the discharge temperature of the compressor. Analysis on the system was conducted at an evaporator 

temperature range of -11 ºС – 1 ºС and condenser temperatures of 30 ºС and 34 ºС. They compared these 

parameters using VCRs that work on R134a/PAG mixture and R134a/PAG/Al2O3. Results showed that the 

COPr of the system was increased by 6.5% with a high degree of sub-cooling at the condenser’s exit. 

[82] analyzed the effects of mixtures of Al2O3 nanoparticles and refrigerants such as R113, R123, and R134a in 

enhancing the thermal efficiency of a refrigeration system. Simulations were done using ANSYS FLUENT 15.0 

and k-e turbulent models were used in obtaining the heat transfer coefficient and temperature drop at different 

fraction volume concentrations. Results obtained showed that 1vf% and 5cf% raised the thermal characteristics 

of the system. However, the thermal properties are not affected by the size of the Nano-particles. R134a and 

Al2O3 mixture was found to have higher thermal efficiency. 

[83] investigated the effect of R134a and Al2O3 nano refrigerants on augmenting the heat transfer 

characteristics of a vapour compressor refrigerator. Parameters such as coefficient of performance (COPr), 

energy consumption, cooling capacity, and temperature drop in the condenser and evaporator were analyzed 

with mass functions of R134a + Al2O3 (0.5 wt%) and R134a + Al2O3 (0.1wt%). Results indicated a significant 

increase in the cooling capacity of the system with a temperature drop of 3.0% -23.77% in the condenser and a 

temperature rise of about 4.69% - 39.3% in the evaporator. The nano refrigerant was noted to have greatly 

improved the COPr of the system as the volume flow rates improved. 

[84] investigated the boiling heat transfer characteristics of nano-refrigerants, the Nano-refrigerants used were 

Cu-R141b, Al-R141b, Al2O3-R141b, and CuO-R141b with mass functions of 0.1wt%, 0.2wt%, and 0.3wt% of 

the nanoparticles, velocities of 120kgm-2s-1, 210kgm-2s-1, 330kgm-2s-1 and a quality range of 0.3-0.8. Results 

showed that increasing the quality, mass velocity, and mass fractions of the nanoparticles, augmented the heat 

transfer coefficient of the nano-refrigerants. From their result, the highest heat transfer was obtained with a 

Cu-R141b nano-refrigerant, with mass velocities and mass fractions peak of 120kgm-2s-1 and 0.3wt% 

respectively. The maximum heat transfer coefficient of Cu-R141b was raised by 49% with an average value of 

27%. 

[85] reviewed the thermal-physical characteristics of nano-refrigerants dissolved in the refrigerator and 

lubricating oil. In their work, it was noted that temperature-dependent thermal conductivity is higher in 

nano-refrigerant compared to conventional refrigerants at a minimal particle concentration. According to their 

report, HFC134A and mineral TiO2 are safe for use in refrigerators with a better energy performance compared 

to HFC134a and POE oil systems.  
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[33] gave an analysis of the effect of thermo-physical properties on COPr. The authors noted an increase of 

28.58%, 13.68%, and 11% in the thermal conductivity, density and dynamic viscosity respectively of the 

Nano-refrigerant Al2O3/R-134a as compared to the based refrigerant at a constant temperature. The authors also 

noted a maximum COPr for thermal conductivity, density and specific heat of 15%, 3.2%, and 2.5% 

respectively.  

[86] investigated the performance of POE oil and Al2O3 in enhancing the vapour compression cycle of 

refrigeration systems. Theoretical results showed a 50% increase in heat transfer of the evaporator and a 

decrease in energy loss of 28% when a Nano-refrigerant was used. From their experimental results, the 

performance of the vapour compression cycle was enhanced by 10.5% with less energy consumption of 13.5% 

when a 0.1% mass fraction of nano-lubricant was used.  

[87] studied the performance of CuO/Al2O3-R22 nano-refrigerants in a refrigerator. They unravelled that, 

CuO-R22 is suitable for use in refrigerators with less power consumption and a better heat transfer rate. Hence, 

the authors noted that the application of the nano refrigerant in domestic refrigerators will enhance better heat 

transfer. 

[88] gave a review of the impact of nanoparticles on power consumption, COPr, heat transfer, thermal viscosity 

and heat transfer of refrigerants in a vapour compression refrigerator. The authors recorded that, when Nano 

refrigerants are used, energy consumption is reduced, there is an increase in COPr, increase in thermal 

conductivity and viscosity as temperature increases to optimal concentration as well as the reduction in 

compression friction. Babarinde et al [89] studied the performance of R600a/CNT-Lubricant in domestic 

refrigeration systems because of the importance of energy management and environmental considerations for 

refrigeration and air-conditioning systems. They choose the green refrigerant (R600a) with a low volume 

concentration of 0.4 and 0.6 g/L of CNT. The system they choose was a vapor compression system with pure 

mineral as the base lubricant. From their results, they observed lower evaporator air temperature, higher COP 

and cooling capacity with a power reduction compared to R600a as the base lubricant. Liu and Yang [90] 

studied experimentally R141b and Au nanoparticles in a horizontal plain tube. They noted that at 1.0% the heat 

transfer coefficient was more than twice. A boiling heat transfer enhancement between 50% and 275% was 

observed by Kedzierski [91] who studied R134a and CuO on a straight surface. Trisaksri et al [92] noted that 

adding nanoparticles deteriorates the boiling heat transfer. There was an R141b and TiO2 nanoparticle in a 

boiling tube. Jwo et al [93] studied R134a and alumina in a refrigerator system. They noted an increase in COP 

of about 4% and an energy consumption decrease of about 2% while the refrigerant charge was reduced by 40%. 

Bi et al [70] studied R600 and TiO2 in a refrigerator system. They recorded a 6% and 10% decrease in energy 

consumption at 0.1% and 0.5% volume fraction. Abdel-Hadi et al [94] studied R134a with CuO in a vapour 

compression system where they stated that the optimum volume fraction and size of the nanoparticle was 0.55% 

and 25nm respectively. Most of the researchers noted that there was an enhancement of heat transfer with the 

addition of nanoparticles to refrigerants. 

Numerical studies on nanorefrigerants 

In this section, a brief review of numerical studies on nanorefrigerant will be presented. Last decade, many 

numerical studies were performed on using nanorefrigerants as a passive technique of enhancing the 

performance of refrigeration systems. Molona and Wang [26] summarized several numerical studies of using 

nanorefrigerants as a working fluid in the refrigeration systems to enhance heat transfer. The single-phase 

approach and two-phase modelling are represented the two popular ways of simulating the nanofluids 

numerically. Table 1 is summarized some of the numerical studies of the nanorefrigerants as working fluids in 

various applications. Alawi et al [95] carried out an analysis on alumina-R141b nanorefrigerant performance. 
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They studied its flow in heated annulus cylindrical pipes. In their numerical study, they used the control 

volume-based finite element method to solve the governing flow and heat equations. They used the 

Maxwell-Garnetts (MG) and the Brinkman model for evaluating the thermal conductivity and viscosity of 

nanorefrigerant. They compared different nanoparticles: alumina, ZnO, CuO, SiO2. They found that alumina 

had the highest enhancement in heat transfer. They stated that this behaviour of enhancement was probably 

because it has the highest thermal conductivity. They also stated that the greatest heat transfer enhancement was 

observed for smaller nanoparticles and they explained that this was due to the ease of collision and randomness. 

Tashtoush et al [96] studied R123, R134a, R141b, R152a, R22, R290, R600, and R717 refrigerants with alumina 

and CuO. They were interested in the effect the nanoparticles have on the COP of the refrigeration system. They 

applied the Gungor and Winterton correlations in this study. They observed from their studies that R134a was 

the best in terms of heat transfer enhancement while R717 was the worst. Zohud et al [97] stated that the 

convective heat transfer coefficient was enhanced when the Reynolds number was increased along with volume 

fraction. They also stated that CuO nanoparticles were best in terms of thermal performance out of alumina, 

ZnO and SiO2. However, they used a different base fluid (R1270) which may explain the distinction from Alawi 

et al results. Their study was numerical where they solved the governing equations with the finite volume 

method of discretization. The volume fraction studied ranged from 0-5% with constant heat flux on the wall 

being 20000 W/m2, and a Reynolds number range of 20,000 to 100,000. Compression and Palaniradja [65] 

studied a domestic refrigerator working with R134a-CuO. They aimed to study its thermal performance. The 

nanoparticles volume fraction was from 0-1% and the nanoparticle diameter was from 10-70 nm, and a constant 

wall heat flux was 10-40 kW/m2. Ansys Fluent was used as the commercial code for solving the flow and heat 

equations. Although, the single-phase approach has a shortage of modelling wide ranges of volume fractions and 

does not provide an accurate prediction in all cases. It can be noticed from Table 1 that most of the numerical 

studies used a single-phase approach to model the nanorefrigerants because the two-phase model needs more 

powerful computers and consume more computational time. Consequently, it is recommended to go through 

using the two-phase model of the nanorefrigerants for the next studies, to provide more robust results. 

Table 1. A summary of numerical studies on nanorefrigerants 

Authors Nanorefrigerants 

Single/Two-Phase 

Modelling 

(Nanoparticles & 

Refrigerants) 

Application 

Alawi et al., 2015b 
Alumina, ZnO, CuO, 

SiO2 - R141b 
Single-phase approach Annulus cylindrical pipes 

Tashtoush et al., 2017 

Alumina, CuO - R123, 

R134a, R141b, R152a, 

R22, R290, R600, R717 

Single-phase approach 
An ejector refrigeration 

system 

Zohud et al., 2018 
Alumina, ZnO, CuO, 

SiO2 - R1270 
Single-phase approach 

Circular tube subject to 

uniform heat flux 

Coumaressin and 

Palaniradja, 2014a 
CuO - R134a Single-phase approach Domestic refrigerator 

[98] 
CuO, MgO, SiO2, Al2O3  

- HFE 7000 
Single-phase approach Horizontal circular tube 

[99] Al2O3 - R134a Single-phase approach Horizontal smooth tube 
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[100] TiO2 - R134a Two-phase approach Boiling in a circular tube 

[82] 
Al2O3 - R133, R123, 

R134a 
Two-phase approach Refrigeration system 

[101] Cu, Al- R134a, R600a Two-phase approach 

The capillary tube of a 

vapour refrigeration 

system 

[102] SWCNT - R407c - Air conditioning system 

[103] Al2O3 - R600a Single-phase approach Shell-and-tube evaporator 

[104] Al2O3, SiO2- HFE7000 Single-phase approach Horizontal circular tube 

DISCUSSION OF THE PROPERTIES OF NANO REFRIGERANTS 

A study of the effects of the properties of nanorefrigerants on refrigeration systems is presented in this section 

by reviewing the works of researchers in this area. A comprehensive review of the thermophysical properties 

and performance characteristics of a refrigeration system using refrigerant-based nanofluids was carried out by 

[36]. Among other things, they posited that the thermal conductivities of refrigerants and that of nanoparticles 

play a significant role in the characteristic behaviour of nanofluids, particularly when it is used for heat transfer 

applications. Heat transfer then determines the coefficient of performance and that of the efficiency of the 

refrigeration system. Table 2 shows the thermal conductivities of common refrigerants and nanoparticles. When 

nanoparticles are introduced into the refrigerant the properties are said to improve. This improvement depends 

on the concentration of the nanoparticle, the size, and the material properties of the nanoparticles such as 

thermal conductivity, density, and electrical conductivity. 

Dey and Mandal [105] studied the flow and heat transfer properties of alumina/isobutane nanorefrigerant. They 

studied volume fractions of 1 to 5% of alumina particles and different temperatures and their mass flux through 

a smooth tube. For the nanorefrigerant (alumina/isobutane), they stated that decreasing the volume fraction of 

the nanoparticles decreases the thermal conductivity, viscosity, convective heat transfer coefficient and density 

of the nanorefrigerant while the Nusselt number and specific heat increase at any temperature. But, with the 

increase in temperature, the Nusselt number, the thermal conductivity, specific heat, and convective heat transfer 

coefficient showed an uptrend while the density and viscosity showed a downtrend with temperature increase. 

Table 2. Thermal conductivity of refrigerants and nano-materials. 

Refrigerant and Nano-material Thermal Conductivity (W/m K) 

R11 0.102 

R22 0.097 

R134a 0.082 

R410 0.013 

R600a 0.107 

R404a 0.014 

Al2O3 40 

CuO 33 

TiO2 4.8 

There are common properties such as (viscosity, temperature, volume concentration/volume size of the 
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nano-particles, thermal conductivities and density) that are usually experimented with by researchers. New 

baseline generation refrigerants (i.e. Hydrofluoroethers-7000) are also emerging. The summary of the various 

refrigerant-based fluids studied is presented in Table 3. The table gives the summary of performance for the 

various combination of the nanoparticles in the base fluid. This will guide refrigerator designers to have a clear 

view of the characteristic of various hybrid refrigerants. Therefore, it will give insight into the proper selection 

of nanoparticle(s) for improved performance of the refrigeration system.  

Table 3. Synopsis of the studies of Nano-based refrigerant. 

Nanofluids/Nano-based refrigerant 

source 

Outcomes Researchers 

SiO2 in HFE-7000 27% increase in the thermal conductivity reported at 

0.02% volume fraction. 

[106] 

TiO2 in R600a 

 

 

TiO2 R600a/mineral oil 

9.6% less energy consumed employing 0.5 g/L of 

TiO2-R600a. The freezing was swifter with the 

employment of TiO2 

The coefficient of performance (COPr) significantly 

improved to 62.5% 

[47] 

 

 

[107] 

Al2O3 in /Mineral oil 

Al2O3 in R141b 

 

Al2O3 in R134a 

20.86% of energy saved 

With a heat flux of 150kWm-2, the heat transfer 

coefficient improves by 124%. 

29% increase in the thermal conductivity; 11% 

increase in density,  

15% improvement in COPr and 14% increase in 

viscosity. 

COPr rose by (8 - 10)%. 

[108] 

[109] 

 

[109] 

[110] 

[111] 

Al2O3 in R113/CuO   

 

 

R141b/CuO in R113 

The migration ratio is directly proportional to the 

liquid phase density of the refrigerant and inversely 

proportional to the mass fraction, density, viscosity, 

and heat flux. 

Heat enhancement of about 30% was reported. 

[112] 

[113] 

CuO in R134a A 29.7% increase in heat transfer enhancement was 

reported with a 20.8% maximum frictional pressure 

drop across the system. 

[114] 

CuO in R134a An increase in heat transfer was also reported. [115] [94] 

CuO in R134a Better performance and evaporator heat transfer [57] 

TiO2 in R141b Reduction in heat transfer [116] 

SiO2 in R134a 160% of heat transfer was recorded. 

Heat transfer is reduced with increased concentration 

of the particle. 

[117] 

 

[115] 

ZnO in R134a Thermal conductivity improved by 43% for cubic 

shape and by 25% for spherical shape. 

[118] 

 



Thermal Performance of Nano Refrigerants: A Short Review 

103 

 

21% reduction in energy consumed. [119] 

TiO2 in R123 Reduction in viscosity as the nano-particle 

concentration increases. 

However, low concentration was suggested for 

maximum performance 

[120] 

 

[121] 

TiO2 in R134a COPr improved by 20%; about 15% lesser power is 

consumed 

[122] 

Ti in R11 Efficiency increased significantly [123] 

Al in R141b Heat transfer increased with the use of nanoparticle [124] 

It is reported by [43] coefficient of heat transfer improves as the concentration of Al2O3 increases in the vapour 

compression refrigeration system (Table 4). The selection of a particular nano-material remains the subject of 

research as optimum output depends on a lot of factors. In Figures 2 and 3, as the concentration of the 

refrigerant increases, there is a significant increase in the heat transfer and thermal conductivity as reported.  

Table 4. Thermal conductivity and coefficient of heat transfer for Al2O3 at various concentrations [43]. 

Concentration (%) 0.05 0.1 1.0 2.5 4.0 

Heat Transfer Coefficient 

(Wm-2K-1) 

433.8 564.8 2915.4 6769.7 10645.2 

Thermal Conductivity (W/m 

K) 

0.0825 0.083 0.084 0.089 0.093 

For four different baseline refrigerants, tests [56] were conducted by employing the same geometry and input 

criteria. In Table 5, the coefficient of performance (COPr) for refrigeration differs at the same input parameter. 

Even though the choice of environmental friendly nature of a refrigerant has been the subject of research in 

recent times. We cannot be complacent with present-day refrigerants because of the effect of greenhouse gases 

on our biodiversity. According to [56], at a 5% volume fraction of Al2O3 (Table 5) in four different refrigerants, 

R600a and R290 recorded the same percentage improvement in COPr. However, R134a and R404a are trailing 

the other refrigerant in terms of the improvements in COPr. Equation 1 is used for the computation of the 

coefficient of performance of the refrigeration system. 

COPr = Qout/Win                                                                         (1) 

Table 5. Characteristics of COPr for Al2O3 at 5% volume fraction [56]. 

Refrigerant Improvement in COPr (%) 

R134a 18 

R290 20 

R404a 16 

R600a 20 

The properties of common nano-based particles are presented in Table 6 for easy comparison, reference and 

selection. Data of five key intrinsic properties of nano-based particles are presented here. These properties play a 

vital role particularly in the heat transfer of the hybrid energy carrier. The duo of Table 3 and Table 6 are 

necessary for in-depth analysis during the selection of nanoparticles for the refrigeration system. Inference can 
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be drawn when comparing properties such as thermal conductivity of the based-nanoparticles in Table 6 with the 

possible outcomes in Table 3. Thus, these properties (Table 6) are important for the physical chemistry and heat 

transfer argumentation of nanorefrigerant. 

Table 6. Properties of nano-based particles. 

Nano-based particles Properties 

SiO2 Specific heat - 745 Jkg-1K-1  

Density – 2.4 gcm-3  

Thermal conductivity – 1.4 Wm-1K-1 

Molecular mass – 60 g mol-1 

TiO2 Specific heat - 683 Jkg-1K-1  

Density – 4.23 gcm-3  

Thermal conductivity – 4.8 Wm-1K-1 

Molecular mass – 79.9 g mol-1 

CuO Specific heat, - 880 Jkg-1K-1  

Density – 6.31 gcm-3  

Thermal conductivity – 32.9 Wm-1K-1 

Molecular mass – 79.55 g mol-1 

Al2O3 Specific heat, - 525 Jkg-1K-1  

Density – 3.9 gcm-3  

Thermal conductivity – 36 Wm-1K-1 

Molecular mass – 101.96 g mol-1 

ZnO Specific heat - 523.35 Jkg-1K-1  

Density – 5.6 gcm-3  

Thermal conductivity – 23.4Wm-1K-1 

Molecular mass – 81.38 g mol-1 

Ti Specific heat, - 521 Jkg-1K-1 

Density – 6.31 gcm-3 

Thermal conductivity – 17 Wm-1K-1 

Molecular mass – 79.55 g mol-1 

Al Specific heat, - 921.1 Jkg-1K-1 ; 

Density – 2.7 gcm-3  

Thermal conductivity – 79.5 Wm-1K-1 

Molecular mass – 47.88 g mol-1 

LIMITATIONS OF NANOPARTICLES FOR REFRIGERATION SYSTEM 

One of the problems of developing nano-particles for refrigerants is the issue of appropriate dispersal of the 

particles in the fluid to avert quick settling in the fluid medium (refrigerant). However, this barrier has been 

largely overcome as reported by [56, 106, 125]. Effective heat transfer enhancement from the nano-based fluid 

is important for efficient delivery of the work output as specifically required by many industries globally. It is 

recommended that particle size of about 10 nm and below is recommended. Research has been shown that 
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metallic fluids have significantly higher thermal conductivity than conventional fluids. The problem of clogging 

and abrasion are issues of nanofluid depending on the nano-based particle of the conventional fluid. Nano-sized 

suspensions rather than micro-sized suspensions are expected to reduce the problem of clogging and abrasions 

[56]. This nano-sized particle is 1000 times bigger than the micro-sized particle [56]. The increase in the surface 

area affords a dramatic increase in thermal conductivity, corrosion reduction and stability of the fluid. If 

nanoparticles are produced in powdered form, there is a problem of clustering of the nanoparticles that often 

lead to the particles settling in the liquid. The dispersal is usually done with the aid of an intermittently 

controlled ultra-sonicator in liquid so that overheating of the nanoparticles is eliminated. There is also a 

flammability risk associated with the use of hydrocarbon-based nanorefrigerant. Various studies [126, 127] were 

carried out to determine its suitability and to reduce the risk. 

PROPOSED RESEARCH DIRECTIONS 

Based on the review of the works published in the open literature, the following research directions are 

proposed. 

1. There has been no published study on the use of biobased nanorefrigerant. The use of biobased 

nanorefrigerant will be a very interesting study that will also promote environmental sustainability. 

2. It was found that the nanoparticles concentration has a great effect on the heat transfer and thermophysical 

properties of nano refrigerants. Studies are needed to find the optimum ratio of nano refrigerant with respect 

to particle size, concentration, temperature, and flow conditions. 

3. The study of numerical and analytical models for the prediction of physical properties is limited in the open 

literature. Future works are proposed in this regard. 

4. Most of the numerical studies focused on the use of the single-phase approach for dealing with 

nanorefrigerants, however using the two-phase mixture model will be a challenge for future researches due 

to its high accuracy and a large computational cost at the same time. 

5. Studies on the utilization of nanoparticles with natural refrigerants such as hydrocarbons, NH3 and CO2 are 

very scarce in the open literature. These studies are needed with respect to commercial and industrial 

applications. 

6. There are no studies available related to the effect of nanoparticles on new blend refrigerants such as 

R1234yf. 

7. There are limited studies on the flow of nano refrigerants inside the microchannels, twisted taped tubes, 

corrugated tubes, and other enhanced geometries. Studies are required to investigate the effect of using nano 

refrigerants on these geometries on the heat transfer coefficients and general thermal performance of 

refrigerating systems. 

CONCLUSIONS 

This paper presented the various studies in nano-based refrigerants, reviewed the new trend, and possibilities in 

the area and suggested some novel further research in the area. The main discussion suggested that 

nano-particles have high prospects if included in a typical refrigeration system. Nanorefrigerant has been 

reported to enhance the performance and heat transfer of refrigeration systems. It was also observed that the 

reduced cost, prolonged life of the refrigeration system, increase in the overall rate of heat transfer all work 

together to improve the performance of the refrigeration system. The specific conclusions are itemised as 

follows:  

The use of nano-materials in refrigerant provide a promising increase in the coefficient of performance of 
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refrigeration systems. 

The addition of nanoparticles in refrigerants improves the heat transfer coefficient and thermal conductivity of 

the refrigeration system.  

Energy consumed with the employment of nanoparticles in refrigerants reduces the power consumed. 

The overall thermal performance of the refrigeration system is enhanced with the use of nanorefrigerants. 
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