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Abstract
Photovoltaic thermal (PVT) systems, when combined with nanoparticle-enhanced phase change materials (NePCM-
nanofluid), significantly enhance energy efficiency in solar thermal applications. This study introduces a mathematical model
for a nanofluid/NePCM PVT system, validated by experimental data. The model demonstrates electrical and thermal
efficiencies of 14.50% and 70%, respectively, closely aligning with experimental results of 14% and 69.40%. The maximum
temperatures observed are 43.1°C for glass, 42.60°C for the PV cell, 42°C for wax, and 41.8°C for the nanofluid. These
findings underscore the model's accuracy and its practical potential for optimizing PVT systems in high-temperature
environments. © 2024, Semarak Ilmu Publishing. All rights reserved.

Author Keywords
Hybrid PVT collectors;  mathematical model;  nanofluid;  NePCM

References
(2016) International Energy Outlook 2016, 
U.S. Energy Information Administration. EIA

(2019) Global Market Outlook for Solar Power 2019-2023, 
Solar Power Europe. SolarPower Europe

Rújula, Angel Antonio Bayod
(2009) Sistemas fotovoltaicos, 
Universidad de Zaragoza

(2019) Champion Module Efficiencies Module Efficiency Chart, 
National Renewable Energy Laboratory. NREL

Smith, Brittany L., Margolis, Robert M.
(2019) Expanding the photovoltaic supply chain in the United States: opportunities and
challenges, 
National Renewable Energy Laboratory, NREL/TP-6A20-73363

Lorenz, Elke, Scheidsteger, Thomas, Hurka, Johannes, Heinemann, Detlev, Kurz,
Christian
Regional PV power prediction for improved grid integration
(2011) Progress in Photovoltaics: Research and Applications, 19 (7), pp. 757-771. 

Wysocki, Joseph J., Rappaport, Paul
Effect of temperature on photovoltaic solar energy conversion
(1960) Journal of Applied Physics, 31 (3), pp. 571-578. 

11/13/24, 3:52 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1858746035&eid=2-s2.0-85207834741&sort=&clickedL… 1/3



Hussien, Hashim A., Noman, Ali H., Abdulmunem, Abdulmunem Raad
Indoor investigation for improving the hybrid photovoltaic/thermal system
performance using nanofluid (Al2O3-water)
(2015) Engineering and Technology Journal, 33 (4A), pp. 889-901. 

Bigorajski, Jarosław, Chwieduk, Dorota
Analysis of a micro photovoltaic/thermal-PV/T system operation in moderate climate
(2019) Renewable Energy, 137, pp. 127-136. 

Kazemian, Arash, Hosseinzadeh, Mohammad, Sardarabadi, Mohammad, Passandideh-
Fard, Mohammad
Experimental study of using both ethylene glycol and phase change material as
coolant in photovoltaic thermal systems (PVT) from energy, exergy and entropy
generation viewpoints
(2018) Energy, 162, pp. 210-223. 

Nasrin, Rehena, Rahim, Nasrudin Abd, Fayaz, Hussain, Hasanuzzaman, Md
Water/MWCNT nanofluid based cooling system of PVT: Experimental and numerical
research
(2018) Renewable Energy, 121, pp. 286-300. 

Cuce, Erdem, Cuce, Pinar Mert
Improving thermodynamic performance parameters of silicon photovoltaic cells via
air cooling
(2014) International Journal of Ambient Energy, 35 (4), pp. 193-199. 

Cuce, Erdem, Young, Chin-Huai, Riffat, Saffa B.
Performance investigation of heat insulation solar glass for low-carbon buildings
(2014) Energy Conversion and Management, 88, pp. 834-841. 

Sharaf, Omar Z., Orhan, Mehmet F.
Concentrated photovoltaic thermal (CPVT) solar collector systems: Part I-
Fundamentals, design considerations and current technologies
(2015) Renewable and Sustainable Energy Reviews, 50, pp. 1500-1565. 

Moharram, Khaled A., Abd-Elhady, M. S., Kandil, H. A., El-Sherif, H.
Enhancing the performance of photovoltaic panels by water cooling
(2013) Ain Shams Engineering Journal, 4 (4), pp. 869-877. 

del Amo, Alejandro, Martínez-Gracia, Amaya, Bayod-Rújula, Angel A., Antoñanzas, Javier
An innovative urban energy system constituted by a photovoltaic/thermal hybrid
solar installation: Design, simulation and monitoring
(2017) Applied Energy, 186, pp. 140-151. 

Al-Nimr, Moh'D. A., 'd-Eslam Dahdolan, Moh
Modeling of a novel concentrated PV/T distillation system enhanced with a porous
evaporator and an internal condenser
(2015) Solar Energy, 120, pp. 593-602. 

Sheikholeslami, M.
Numerical investigation for concentrated photovoltaic solar system in existence of
paraffin equipped with MWCNT nanoparticles
(2023) Sustainable Cities and Society, 99, p. 104901. 

Sheikholeslami, M., Khalili, Z.
Simulation for impact of nanofluid spectral splitter on efficiency of concentrated
solar photovoltaic thermal system
(2024) Sustainable Cities and Society, 101, p. 105139. 

Duffie, John A., Beckman, William A.
(1991) Solar engineering of thermal processes, 

11/13/24, 3:52 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1858746035&eid=2-s2.0-85207834741&sort=&clickedL… 2/3



John Wiley and Sons

Kumar, Suresh, Mullick, S. C.
Wind heat transfer coefficient in solar collectors in outdoor conditions
(2010) Solar Energy, 84 (6), pp. 956-963. 

Incropera, Frank P., Dewitt, David P., Bergman, Theodore L., Lavine, Adrienne S.
(2011) Principles of Heat and Mass Transfer: International Student Version, 
John Wiley & Sons

Farshchimonfared, M., Bilbao, J. I., Sproul, A. B.
Full optimisation and sensitivity analysis of a photovoltaic-thermal (PV/T) air system
linked to a typical residential building
(2016) Solar Energy, 136, pp. 15-22. 

Aqilah, Nur, Pathan, Khizar Ahmed, Khan, Sher Afghan
Passive Control of Base Flow at Supersonic Mach Number for Area Ratio 4
(2022) International Conference on Advances in heat Transfer and Fluid Dynamics, pp. 37-
50. 
Singapore: Springer Nature Singapore

Correspondence Address
Khan S.A.; Mechanical and Aerospace Engineering Department, Malaysia; email: sakhan@iium.edu.my

Publisher: Semarak Ilmu Publishing

ISSN: 22897879
Language of Original Document: English
Abbreviated Source Title: J. Advance Res. Fluid Mechanics Therm. Sciences
2-s2.0-85207834741
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

11/13/24, 3:52 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1858746035&eid=2-s2.0-85207834741&sort=&clickedL… 3/3


