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Improvement of vapor-compression refrigeration systems taking into account ecological 

requirements will undoubtedly lead to the use of modern ozone-safe and non-greenhouse 

effect refrigerants. Increase of heat transfer and thermodynamic efficiency in general has 

raised the problem of selection of material and concentration of nanoparticles in the 

working mixture of refrigerant with mineral oil of compression refrigeration systems. The 

purpose of this study is to determine the influence of TiO2 and Al2O3 nanoparticles on the 

energy efficiency of refrigeration systems. Research methods: The study of operational and 

energy characteristics of compressor operation on the investigated mixtures was carried 

out on the experimental unit. Isobutane R600a refrigerant was used for the study. 

Efficiency is determined by power consumption, cooling capacity and efficiency. The 

refrigerant flow rate and nanoparticle concentration are varied during the experiment. 

Results: The experimental results concluded that Al2O3 nanoparticles with a mass 

concentration of 0.5% maximized the performance of the compressor refrigeration system. 

The addition of nanoparticles resulted in a significant increase in the cooling capacity, 

especially when compared to the original refrigeration-oil mixture with the cooling 

capacity parameter of 70 W. This parameter is about 79 W with the addition of TiO2 

nanoparticles regardless of their concentration. When Al2O3 nanoparticles are added at 

concentrations of 0.1 and 0.5 wt.%, respectively, these parameters are 88 W and 102 W. 
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1. INTRODUCTION

Technologies using artificial cold are becoming more and 

more numerous as they are widely used in many industries 

such as chemical, gas, oil, processing industry, and trade. The 

use of artificial cold in many industries is associated with a 

significant energy consumption in its production. 

Refrigeration equipment consumes more than 20% of the 

generated electricity. In order to reduce energy costs, it is 

necessary to improve the energy efficiency of compressors, 

since a significant part of the energy consumption of a 

refrigeration machine falls precisely on the compressor [1-3]. 

Active development of nanotechnologies has prompted 

further work on increasing the effective thermal conductivity, 

in particular, of refrigerants. Thus, this direction faces the 

following tasks: 

- Constructive improvement of refrigeration equipment

elements; 

- Utilisation of new refrigerants, refrigerant/oil solutions

with application of nanotechnologies. 

The purpose of this research is to determine the influence of 

nanoparticles on energy efficiency of refrigeration systems. In 

order to achieve the goal, the following tasks were set: 

- Conducting experimental studies of energy and

operational characteristics of refrigeration machines operating 

on refrigerant/oil mixtures. 

- Evaluation of the influence of TiO2 and Al2O3 nano-

additives on energy saving of refrigeration systems. 

2. LITERARY REVIEW

Recently, many countries with highly developed 

refrigeration industries have passed laws regulating the 

development of refrigeration equipment [4, 5]. These special 

directives prescribe the developers of refrigeration systems, in 

addition to improving the schemes of manufactured units, to 

take into account environmental requirements and emphasize 

the use of modern ozone-safe and non-greenhouse effect 

refrigerants. Since the adoption of the Kyoto Protocol, a large 

number of development studies have been carried out in order 

to reduce their contribution to greenhouse gas emissions into 

the atmosphere besides increasing the efficiency of their use 

in refrigeration equipment [6]. 

The first generation of refrigerants included compounds 

such as esters, carbon dioxide, ammonia, sulfur oxide, 

hydrocarbons, which are toxic or flammable, with limited 

efficiency [7]. Chlorofluorocarbons belonged to the second 

generation, but they too had serious drawbacks. The third and 
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fourth generations of refrigerants already have low ozone 

depletion potential [8, 9]. Freon isobutane R600a is an 

absolutely environmentally friendly and safe natural gas [10, 

11], including in terms of Ozone depletion potential and 

Global warming potential. This refrigerant mixes well with 

mineral oils, has a high refrigerating effect and reduces energy 

consumption by refrigeration equipment. 

Nanoparticles, with their unique features and diverse 

applications, hold immense potential to revolutionize various 

fields of science and technology [12-14]. Maigaonkar [15] 

ascertained that the thermal conductivity of Nano fluid is an 

important factor in improving heat transfer. Specifically, the 

addition of nanoparticles to the refrigerant led to an 

improvement in the thermo-physical properties and heat 

transfer characteristics of the refrigerant, thereby improving 

the performance of the refrigeration system. A number of 

studies [16-20] were carried out to prove the anomalous 

enhancement of thermal conductivity of Nano fluids, which 

are suspensions that utilised nanoscale particles as a dispersed 

phase. It was shown that one of the main reasons influencing 

the anomalous thermal conductivity of Nano fluids should be 

considered the process of combining primary disperse 

particles into aggregates, resulting in the formation of clusters 

with different densities, including those with a loose structure. 

According to the outcomes of Said et al. [8], nanoparticles 

added to the base refrigerant would increase its heat transfer, 

and nanoparticles mixed with oil showed an enhancement of 

thermodynamic efficiency and mechanical properties of 

vapor-compression refrigeration systems. Hussein et al. [21] 

indicated that increasing the volume fraction of CuO in the 

mixture with polyol petroleum ether leads to an increase in the 

performance coefficient, while decreasing the compressor 

power consumption. In this regard, it was found that the 

optimum concentration of CuO is 0.5%. The results of 

experimental study of Machmouchi and Pillai [22], which 

evaluated the CuO influence on the refrigeration system 

performance with different refrigerants. It was ascertained that 

the coefficient of performance (СОР) of the refrigeration 

system (It is defined as the ratio of the cooling or heating 

capacity of the system to the power input required to operate 

the compressor) is higher with utilising nanoparticles than 

without them. Higher COP values assure a more efficient 

system, meaning that it produces more cooling or heating 

output for the same amount of energy input. Thus, low 

coefficients of performance values led to an increase in the 

compressor power of the system, and high values led to energy 

savings.  

Active development of nanotechnologies has prompted to 

continue the work on increasing the effective thermal 

conductivity, in particular, of refrigerants. Thus, this direction 

faces the following tasks: 

• Constructive improvement of refrigeration 

equipment elements; 

• Use of new refrigerants, refrigerant/oil solutions with 

application of nanotechnologies. 

The purpose of this study is to determine the influence of 

nanoparticles on the energy efficiency of refrigeration systems. 

The following tasks have been solved to achieve the set goal: 

• Experimental studies of energy and operational 

characteristics of refrigerating machines operating on 

refrigerant/oil mixtures have been carried out. 

• The influence of TiO2 and Al2O3 nano-additives on 

energy saving of refrigeration systems has been evaluated. 
 

 

3. MATERIALS AND METHODS 
 

Isobutane R600a refrigerant was used for the study. TiO2 

and Al2O3 nanoparticles were mixed with the refrigerant. The 

special requirements are to obtain a homogeneous and stable 

suspension and no mechanical changes in the liquid. In this 

study, nanoparticles with a size of 50 nm or less and a density 

of 0.26 g/cm3 were used. In the studies of Benkhada et al. [23] 

and Yahaya et al. [24], nanoparticles of 50 nm in different 

nanofluids showed the best result in terms of heat transfer 

index. the fraction of nanoparticles in the mixture of 

nanoparticles with isobutane was 0.06%. Stirring in an 

ultrasonic generator was required for complete dissolution 

(breaking of agglomerates) of nanoparticles in isobutane. 

The study of performance and energy characteristics of the 

compressor operation on the studied mixtures was carried out 

on the installation. The schematic diagram of the experimental 

installation is presented in Figure 1. 
 

 
1 - Compressor, 2 - Condenser, 3 - Thermostat for regulating the coolant 
temperature in the condenser cooling system, 4 - Calorimetric flowmeter, 5 - 

Thermostat for regulating the coolant temperature in the calorimetric 

flowmeter cooling system, 6 - Calorimeter, 7 - Filling valve, 8 - Liquid 
separator 

 

Figure 1. A schematic diagram of the experimental 

installation 

 

The degree of overheating of the working mixture was 

controlled by a copper-constantan thermocouple and 

maintained at the level of 3 K. Measurements of refrigerant 

and cooling water temperature at various points of the system 

were carried out by copper-constantan thermocouples with an 

error of 0.1 K. Also, the pressure measurements at different 

points of the compressor system were carried out by pressure 

transducers with an error of 0.4%. The refrigerant flow rate 

through the compressor system was regulated and a series of 

measurements were made at each mode. The study of the 

performance indicators of the vapor compressor system was 

carried out at different concentrations of nanoparticles in the 

refrigerant. The concentration change was carried out by 

charging the compressor system with nanoparticle oil 

containing 10 wt.% nanoparticles. Concentration of Nano-oil 

in the circulating mixture was 0.25-0.45 wt.%. The choice of 

nano-oil concentration interval was determined by studies [23-

25], according to which positive results were obtained for 

some physical and thermal characteristics of refrigerants in the 

range of 0.1-0.5%. At each value of the refrigerant flow rate, 

the boiling and condensing pressures of the refrigerant, the 

temperature at the outlet of the calorimeter, the temperature at 
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the inlet to the compressor and at the outlet from the 

compressor were all recorded. 

The internal volume of the compressor system was filled 

with isobutane. The quality of the refrigeration system was 

evaluated by the cold-productivity of the refrigeration 

compressor Q0 (kW), consumed power Ne (kW) and 

coefficient of performance СОР. In the present study, the 

refrigeration machine tests were carried out according to the 

ISO 917-74 standard on an experimental stand operating on a 

full cycle of the refrigeration machine using a calorimeter with 

a secondary refrigerating agent on the suction side. 

The refrigerating capacity of the compressor can be 

estimated using Eq. (1). 
 

Q0=Ga∆H0 (1) 
 

H0 – difference of specific enthalpies of the refrigerant at 

the inlet and outlet of the evaporator. 

The coefficient of performance (COP) is determined by 

using Eq. (2). 
 

COP=Qp/Ne (2) 
 

Ne – motor power consumption. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Influence of refrigerant blends composition on 

compressor power consumption 

 

The obtained measured and calculated data are presented as 

bar charts. The efficiency of nanoparticle application was 

determined in terms of compressor power consumption, 

cooling capacity and coefficient of performance. Graphs of 

dependence of power consumption on the composition of 

refrigerant mixtures at different mass flow rates are shown in 

Figure 2. 

At mass flow rate of the refrigerant 0.4×10-3 kg/s, the power 

consumption of the condenser does not depend much on the 

composition of the refrigerant mixture. At the mass flow rate 

of 0.3×10-3 kg/s, the power consumption of the condenser is at 

its maximum for the mixture with Al2O3 nanoparticles with 

concentration of 0.5 wt.% and at its minimum for the 

refrigerant without nanoparticles. Significant difference in the 

power consumption can be noticed at the refrigerant mass flow 

rate of 0.25×10-3 kg/s. The minimum power consumption was 

determined for the system operating on refrigerant without 

nanoparticles and amounted to 47 W. Furthermore, the 

application of Al2O3 nanoparticles at concentrations of 0.5% 

and 0.48% has increased the power consumption to 60 W and 

57 W, respectively. The increased energy consumption of the 

compressor is most likely due to the increased viscosity of the 

mixture. This results in increased energy consumption to 

overcome frictional forces. In turn, an increase in viscosity 

leads to an increase in pressure losses, which also increases the 

energy consumption of the compressor. 

 

4.2 Influence of refrigerant blends composition on 

refrigerating capacity 

 

The dependence of cooling capacity on the composition and 

mass flow rate of the refrigerant mixture is elaborated in the 

form of a bar diagram in Figure 3. 

The experimental results of Figure 3 show that the 

refrigerant cooling capacity without nanoparticles was only 70 

W at the refrigerant mass flow rate of 0.25×10-3 kg/s. 

Insignificant increase of this parameter appeared for the 

mixture with TiO2 nanoparticles. The best values of cooling 

capacity at the given mass flow rate are elucidated by using 

mixtures with Al2O3 nanoparticles: 88 W - at nanoparticles 

concentration of 0.1 wt. %, and 101 W - at nanoparticles 

concentration of 0.5 wt.%. Also, the minimum value of cold-

productivity is observed for the refrigerant without 

nanoparticles (92 W) at mass flow rate of 0.3×10-3 kg/s. In this 

regard, the maximum cold-productivity (116 W) is indicated 

at the mixture with 0.5 wt.% concentration of Al2O3 

nanoparticles. The insignificant difference in cold-

productivity is identified when using the mass flow rate of 

0.4×10-3 kg/s. Indeed, the maximum value is revealed by the 

refrigerant with 0.48 wt.% TiO2. The measured values of 

boiling and condensing pressures were 3.8 bar and 0.7 bar at a 

mass flow rate of 0.25×10-3 kg/s, 4.0 bar and 0.8 bar at a mass 

flow rate of 0.3×10-3 kg/s, 3.9 bar and 0.76 bar at a mass flow 

rate of 0.4×10-3 kg/s, respectively. These figures explain the 

increase in cooling capacity by increasing the vapor saturation 

pressure in the compressor. 
 

 

 

 
1 - Mixture of refrigerant with oil, 2 - Mixture of refrigerant with oil + 0.48 

mass% TiO2, 3 - Mixture of refrigerant with oil + 1 mass% TiO2, 4 - mixture 

of refrigerant with oil + 0.1 mass% Al2O3, 5 - Mixture of refrigerant with oil 
+ 0.5 mass%, Al2O3 

 

Figure 2. Dependence of consumed power on the 

composition of refrigerant mixtures at mass flow rate: a) 

0.25×10-3 kg/s, b) 0.3×10-3 kg/s, c) 0.4×10-3 kg/s 
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1 - mixture of refrigerant with oil, 2 - mixture of refrigerant with oil + 0.48 

mass% TiO2, 3 - mixture of refrigerant with oil + 1 mass% TiO2, 4 - mixture 

of refrigerant with oil + 0.1 mass% Al2O3, 5 - mixture of refrigerant with oil 
+ 0.5 mass%, Al2O3 

Figure 3. Dependence of cooling capacity on the 

composition of refrigerant mixtures at mass flow rate: a) 

0.25×10-3 kg/s, b) 0.3×10-3 kg/s, c) 0.4×10-3 kg/s 

4.3 Influence of composition of refrigerant mixtures on the 

efficiency factor 

The dependence of the refrigeration coefficient of 

performance on the composition and mass flow rate of the 

refrigerant mixtures is shown in Figure 4. Apparently, the 

coefficient of performance depends significantly on the mass 

flow rate of the refrigerant. At a flow rate of 0.25×10-3 kg/s, 

this parameter is in the range between 1.96 - 2.06. Also, this 

parameter is between 1.69-1.8 at a flow rate of 0.3×10-3 kg/s. 

The maximum coefficient of performance is shown by using 

the refrigerant with Al2O3 nanoparticles of 0.5 wt.% 

concentration. Significant scatter of coefficient of 

performance indicators is at mass flow rate 0.25×10-3 kg/s: 

from 1.44 for the refrigerant without nanoparticles and 1.67 

for the refrigerant with nanoparticles Al2O3 in concentration of 

0.5 wt.%. 

1 - mixture of refrigerant with oil, 2 - mixture of refrigerant with oil + 0.48 

mass% TiO2, 3 - mixture of refrigerant with oil + 1 mass% TiO2, 4 - mixture 
of refrigerant with oil + 0.1 mass% Al2O3, 5 - mixture of refrigerant with oil 

+ 0.5 mass%, Al2O3 

Figure 4. Dependence of the coefficient of performance on 

the composition of refrigerant mixtures at mass flow rate: a) 

0.25×10-3 kg/s, b) 0.3×10-3 kg/s, c) 0.4×10-3 kg/s 

The presence of nanoparticle impurities in refrigerant/oil 

solutions leads to an increase in the saturated vapor pressure 

of refrigerant solutions in nano-oils. This thermodynamic 

effect contributes to an increase in the vapor density of the 

refrigerant in the compressor crankcase, which at constant 

volume flow rate will increase the specific refrigerating 

capacity and refrigeration coefficient of the equipment. 

5. CONCLUSIONS

This study focused on the experimental evaluation of the 

effect of nanoparticles in a mixture of isobutane R600a with 

mineral oil on a vapor compression refrigeration system. The 
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study considered different refrigerant flow rates and different 

concentrations of nanoparticles. These included a mixture of 

refrigerant with oil + 0.48 mass% TiO2, a mixture of 

refrigerant with oil + 0.1 mass% Al2O3 and a mixture of 

refrigerant with oil + 0.5 mass% Al2O3. The results obtained 

were compared with those of the mixture without 

nanoparticles. Accordingly, a clear effect of nanoparticles on 

the efficiency of the vapor-compression refrigeration system 

was found.  

In particular, at a refrigerant mass flow rate of 0.4×10-3 kg/s, 

the scatter of parameters is smaller than that at lower flow 

rates, especially the parameters of compressor power 

consumption and efficiency. At a mass flow rate of 0.3×10-3 

kg/s, a larger scatter of values is observed: from 92 to 116 W 

in cooling capacity, 51-64 W in power consumption, and 1.69-

1.8 in coefficient of performance.  

The addition of nanoparticles resulted in a significant 

increase in the cooling capacity, especially compared to the 

original refrigeration-oil mixture with a cooling capacity 

parameter of 70 W. This parameter is about 79 W with the 

addition of TiO2 nanoparticles regardless of their 

concentration. When Al2O3 nanoparticles are added at 

concentrations of 0.1 and 0.5 wt.%, respectively, these 

parameters are 88 W and 102 W.  

Similarly, the increase in cooling capacity associated with 

the addition of nanoparticles to the working body dominates 

the increase in compressor power consumption. The efficiency 

was improved when the system was operated with nanocoolers 

compared to the conventional isobutane/compressor working 

fluid. Thus, it can be stated that the use of Al2O3 nanoparticles 

with a mass concentration of 0.5% gave the maximum positive 

effect in the investigated ranges of compressor refrigeration 

system operating parameters. Thus, the optimal concentrations 

of nanoparticles in the mixture were determined in the work. 

The results of the study indicate the prospectively of 

nanotechnology implementation in refrigeration equipment. 
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