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Abstract 

Improving the performance of drop-in hydrocarbon refrigerants for the increasing in-flow of 
conventional refrigerators to Nigeria is a necessary sustainable strategy. This experimental study 
investigates the enhancement limits of a liquid-line magnetic field, CNT nano-lubricant, and a 
combination of both on an R134a domestic refrigerator with 40–70 g each of R600a refrigerants. 
The study compares the performance of R600a refrigerant without enhancements (pure) and with 
two pairs of 3000 Gauss liquid-line mounted O-ring permanent magnets (Mag), 
0.2 g L−1 concentration of CNT nano-lubricant (Nano), and both liquid-line magnet and CNT 
nano-lubricant (Mag-Nano). Test parameters include evaporator air temperature, discharge 
pressure, power consumption, coefficient of performance (COP), and total equivalent warming 
impact (TEWI). The results show that enhancement methods led to higher COP in the range of 
16.64–42.38%. At the same time, evaporator air temperature, discharge pressure, power 
consumption, and TEWI were lower by 9.76% to 20.96%, 17.75% to 34.26%, 5.22% to 13.42%, 
and 5.88% to 10.86%, respectively. In conclusion, the proposed enhancement techniques in the 
refrigeration system provide normal, safe, and efficient operation. 
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Abbreviations 

h : 
Enthalpy of refrigerant (kJ kg−1) 

ṁ : 
Refrigerant mass flow rate (kg s−1) 

P : 
Pressure (kPa) 



T : 
Temperature (oC) 

E : 
Energy consumption (kWh) 

COP : 
Coefficient of performance 

GWP: 
Global warming potential 

CNT: 
Carbon nanotube 

Gs: 
Gauss 

S: 
Refrigerator service (kJ s−1) 

1: 
Suction line 

2: 
Discharge line 

3: 
Liquid line 

r: 
Refrigerant 

l: 
Life 

yr: 
Yearly 



e: 
Equivalent 

c: 
Cumulative 

References 

1. Adelekan DS, Ohunakin OS, Paul BS. Artificial intelligence models for refrigeration, air 
conditioning and heat pump systems. Energy Rep. 2022;8:8451–66. 

Article Google Scholar  

2. United Nations Environment Programme. Emissions Gap Report 2022: The closing 
window-climate crisis calls for rapid transformation of societies. 
Nairobi. https://www.unep.org/emissions-gap-report-2022 

3. Bell IH, Domanski PA, McLinden MO, Linteris GT. The hunt for nonflammable 
refrigerant blends to replace R-134. Int J Refrig. 2019;104:484–95. 

Article CAS Google Scholar  

4. Ciconkov R. Refrigerants: there is still no vision for sustainable solutions. Int J Refrig. 
2018;86:441–8. 

Article CAS Google Scholar  

5. Harby K. Hydrocarbons and their mixtures as alternatives to environmental unfriendly 
halogenated refrigerants: an updated overview. Renew Sustain Energy Rev. 
2017;73:1247–64. 

Article CAS Google Scholar  

6. Yang Z, Feng B, Ma H, Zhang L, Duan C, Lui B, Zhang Y, Chen S, Yang Z. Analysis of 
lower GWP and flammable alternative refrigerants. Int J Refrig. 2021;126:12–22. 

Article CAS Google Scholar  

7. Gaurav KR. Computational energy and exergy analysis of R134a, R1234yf, R1234ze and 
their mixtures in vapour compression system. Ain Shams Eng J. 2018;9(4):3229–37. 

Article Google Scholar  

8. Ohunakin OS, Adelekan DS, Babarinde TO, Leramo RO, Abam FI, Diarra CD. 
Experimental investigation of TiO2, SiO2, and Al2O3 lubricants for a domestic refrigerator 
system using LPG as working fluid. Appl Therm Eng. 2017;127:1469–77. 



Article CAS Google Scholar  

9. Adelekan DS, Ohunakin OS, Oladeinde MH, Gill J, Atiba OE, Nkiko MO, Atayero AA. 
Performance of a domestic refrigerator in varying ambient temperatures, concentrations 
of TiO2 nanolubricants and R600a refrigerant charges. Heliyon. 2021;7(2):6165. 

Article Google Scholar  

10. Pownraj C, Valar-Arasu A. Effect of dispersing single and hybrid nanoparticles on 
tribological, thermo-physical, and stability characteristics of lubricants: a review. J 
Therm Anal Calorim. 2021;143(2):1773–809. 

Article CAS Google Scholar  

11. UNEP, Report of the TEAP, Further information on alternatives to ozone-depleting 
substances. 2016. 

12. Colbourne D, Suen KO, Li TX, Vince I, Vonsild A. General framework for revising class 
A3 refrigerant charge limits—a discussion. Int J Refrig. 2020;117:209–17. 

Article CAS Google Scholar  

13. Corberán JM, Segurado J, Colbourne D, Gonzálvez-Maciá J. Review of standards for the 
use of hydrocarbon refrigerants in A/C, heat pump and refrigeration equipment. Int J 
Refrig. 2008;32(4):748–56. 

Article Google Scholar  

14. Ning Q, He G, Xiong J, Fan M, Li X. A mathematical model of critical releasable charge 
for R290 indoor leakage of split-type household air conditioners. Build Environ. 
2023;228:109890. 

Article Google Scholar  

15. Colbourne D, Vonsild AL. Detection of R290 leaks in RACHP equipment using 
ultrasonic sensors. Int J Refrig. 2023;151:342–53. 

Article CAS Google Scholar  

16. Colbourne D, Suen KO. Airflow to disperse refrigerant leaks from hydrocarbon 
refrigeration. Int J Refrig. 2023;2023(137):220–9. 

Google Scholar  

17. Monfared B, Furberg R, Palm B. Magnetic versus vapor-
compression household refrigerators: a preliminary comparative life cycle assessment. Int 
J Refrig. 2014;42:69–76. 

Article Google Scholar  



18. Attar A, Tipole P, Bhojwani V. Experimental investigation of effect of magnetic field on 
hydrocarbon refrigerant in vapor compression cycle. Int J Eng Res & Tech. 
2013;8(2):2106–12. 

Google Scholar  

19. Sidheshware RK, Ganesan S, Bhojwani V. An overview of viscosity reduction techniques 
on hydrocarbon fluids. Int J Ambient Energy. 2022;43(1):32–41. 

Article CAS Google Scholar  

20. Sidheshware RK, Ganesan S, Bhojwani VK. Experimental analysis of magnetic field 
effects on compressor energy saving cooling system. E3S Web of Confer. 
2020;170:01020. 

Article Google Scholar  

21. Sami SM, Aucoin S. Effect of magnetic field on the performance of new refrigerant 
mixture. Int J Energy Res. 2003;27:203–14. 

Article CAS Google Scholar  

22. Deshmukh R, Zanwar D, Joshi S, Chakrabarty S. Experimental investigations on the 
performance of a vapor compression refrigeration system under the influence of magnetic 
field generated using magnetic pair and Halbach array. Energy Sources, Part A: 
Recovery, Utilization Environ Effects. 
2022. https://doi.org/10.1080/15567036.2021.2024302. 

Article Google Scholar  

23. Tipole P, Karthikeyan A, Bhojwani V, Patil A, Oak N, Ponatil A, Nagori P. Applying a 
magnetic field on liquid line of vapour compression system is a novel technique to 
increase a performance of the system. Appl Energy. 2016;182:376–82. 

Article CAS Google Scholar  

24. Tipole P, Karthikeyan A, Bhojwani V, Deshmukh S, Tipole B, Shinde K, Sundare A, 
Dadasaheb S, Wasif F, Vikhe A. Performance analysis of vapour compression water 
chiller with magnetic flux at the condenser exit. Ener & Build. 2018;158:282–9. 

Article Google Scholar  

25. Senthilkumar A, Prabhu L, Sathish T, Saravanan R, Antony Casmir Jeyaseelan G, 
Ağbulut Ü, Shaik S, Mahmoud Z, Ahamed Saleel C. Enhancement of R600a vapour 
compression refrigeration system with MWCNT/TiO2 hybrid nanolubricants for net zero 
emissions building. Sus Energy Tech Assess. 2023;56:103055. 

Google Scholar  



26. Gill J, Ohunakin OS, Adelekan DS, Atiba OE, Ajulibe BD, Singh J, Atayero AA. 
Performance of a domestic refrigerator using selected hydrocarbon working fluids and 
TiO2–MO nanolubricant. Appl Therm Eng. 2019;160:114004. 

Article Google Scholar  

27. Choi TJ, Kim DJ, Jang SP, Park S, Ko S. Effect of polyolester oil-based multiwalled 
carbon-nanotube nanolubricant on the coefficient of performance of refrigeration 
systems. Appl Therm Eng. 2021;192:116941. 

Article CAS Google Scholar  

28. Adelekan DS, Ohunakin OS, Gill J, Atayero AA, Diarra CD, Asuzu EA. Experimental 
performance of a safe charge of LPG refrigerant enhanced with varying concentrations of 
TiO2 nano-lubricant in a domestic refrigerator. J Therm Anal Calor. 2018;136(5):2439–
48. 

Google Scholar  

29. Senthilkumar A, Anderson A, Praveen R. Prospective of nanolubricants and nano 
refrigerants on energy saving in vapour compression refrigeration system—a review. Mat 
Today. 2020;33(1):886–9. 

CAS Google Scholar  

30. Marcucci-Pico DF, Parise JAR, Bandarra-Filho EP. Nanolubricants in refrigeration 
systems: a state-of-the-art review and latest developments. J Braz Soc Mech Sci Eng. 
2023;45(2):88. 

Article CAS Google Scholar  

31. Zaharin HA, Ghazali MJ, Thachnatharen N, Ezzah F, Walvekar R, Khalid M. Progress in 
2D materials based nanolubricants: a review. FlatChem. 2023;38:100485. 

Article CAS Google Scholar  

32. Prasad GVVSV, Kumar KD. Employing magnetic field to liquid channel of nano 
lubricant (CuO & PAG Oil) rigged VCR system by using R134a refrigerant. Mat Today: 
Proceed. 2018;5(9):20518–27. 

Google Scholar  

33. Rasti M, Aghamiri S, Sadegh-Hatamipour M. Energy efficiency enhancement of a 
domestic refrigerator using R436A and R600a as alternative refrigerants to R134a. Int J 
Therm Sci. 2013;74:86–94. 

Article CAS Google Scholar  



34. Raveendran PS, Sekhar SJ. Investigation on the energy and exergy efficiencies of a 
domestic refrigerator retrofitted with water-cooled condensers of shell-and-coil and 
brazed-plate heat exchangers. J Therm Anal Calorim. 2019;136:381–8. 

Article CAS Google Scholar  

Download references 

Acknowledgements 

The authors are grateful to the University of Johannesburg and to the Centre for Research, 
Innovation and Discovery (CUCRID), Covenant University, for funding this research. 

Author information 

Authors and Affiliations 

1. The Energy and Environment Research Group, Covenant University, Ota, Ogun 
State, Nigeria 
D. S. Adelekan & O. S. Ohunakin 

2. Faculty of Engineering and the Built Environment, University of Johannesburg, 
Johannesburg, South Africa 
D. S. Adelekan, O. S. Ohunakin & Tien-Chien Jen 

3. Institute for Intelligent Systems, University of Johannesburg, Johannesburg, South 
Africa 
B. S. Paul 

Contributions 

Damola S ADELKAN was involved in experiments, data curation, writing original draft, review 
and editing, visualization. Olayinka S OHUNAKIN helped in conceptualization, supervision, 
data curation, writing—review and editing, visualization. Babu Sena PAUL contributed to 
conceptualization, supervision, data curation, writing—review and editing, visualization. Tien-
Chien Jen assisted in conceptualization, supervision, data curation, writing—review and editing, 
visualization. 

Corresponding author 

Correspondence to D. S. Adelekan. 

Ethics declarations 

Conflict of interest 

The authors declare that they have no known competing financial interests or personal 
relationships that could have appeared to influence this research work. 



Additional information 

Publisher's Note 

Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations. 

Rights and permissions 

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this 
article under a publishing agreement with the author(s) or other rightsholder(s); author self-
archiving of the accepted manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

Reprints and permissions 

About this article 

Cite this article 

Adelekan, D.S., Ohunakin, O.S., Paul, B.S. et al. Performance of liquid-line magnets 
and CNT nano-lubricant in a refrigerator with varying mass charge of R600a 
refrigerant. J Therm Anal Calorim 149, 8161–8172 (2024). 
https://doi.org/10.1007/s10973-024-13371-6 

Download citation 

 Received19 May 2023 
 Accepted01 June 2024 
 Published04 July 2024 
 Issue DateAugust 2024 
 DOIhttps://doi.org/10.1007/s10973-024-13371-6 

Keywords 

 Nano-lubricant 

 Refrigerator 

 MWCNT 

 Liquid-line magnet 

 R600a 

 R134a 



Access this article 

Log in via an institution  

Buy article PDF 39,95 € 

 
Institutional subscriptions  

 Sections 
 Figures 
 References 

  
165.73.223.224 

 
© 2025 Springer Nature 

Check out our data collection of Inorganic Crystal Structures on SpringerMaterials. 

Explore Crystal StructuresNo Thanks 
 


