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Abstract

Existing design of Heat-Pipe Evacuated Tube Collector (HP ETC) for water heating require storage tank while additional
heat exchanger require for air heating application which leads to the extra spacing and costing. HP ETC also need to be tilt
at the correct angle to optimize the system performance. Furthermore, the installation also needs to be positioned either to
south or north facing to ensure the maximum absorption of energy. These could lead to the design limitation. The aim of this
research is to investigate on the thermal performance of Evacuated Glass-Thermal Absorber Tube Collector (EGATC) for air
heating application. EGATC was developed from conventional Evacuated Tube Collector (ETC) and the comparative result
between HP ETC performance were evaluated. The three days outdoor experimental results show EGATC (Day 1: 50.9 °C,
Day 2: 53.9 °C, Day 3: 49.2 °C) performed better with slightly higher temperature at outlet temperature compare with HP
ETC (Day 1: 46.7 °C, Day 2: 50.3 °C, Day 3: 46.9 °C). It is concluded that EGATC have better performance in term of
temperature different and outlet temperature as compared to HP ETC. EGATC (Day 1: 53.6%, Day 2: 50.6%, Day 3: 49.8%)
also have greater efficiency in term of heat storage capability as compared to HP ETC (Day 1: 42.7%, Day 2: 41.6%, Day 3:
41.1%). Regarding energy buffer storage, EGATC have better energy storage compared to HP ETC at sudden weather
change such as clouds. The outlet temperature of EGATC (42.3 °C) was remained slightly higher compared to HP ETC
(39.9 °C) at the beginning. The outlet temperature gradually drops slower during discharging period until the end of the
experiment for 15 minutes towards outlet temperature 41.1 °C and 37.2 °C for both EGATC and HP ETC with temperature
difference 1.2 °C and 2.7 °C respectively. © 2021. PENERBIT AKADEMIA BARU - All rights reserved.

Author Keywords
Direct-flow Evacuated Tube Collector (Direct-flow ETC); Evacuated Glass-Thermal Absorber Tube Collector (EGATC);
Heat Pipe Evacuated Tube Collector (HP ETC); solar air heating application

References

« Matuska, Tomas, Sourek, Borivoj
Performance analysis of photovoltaic water heating system
(2017) International Journal of Photoenergy,
[1]1 2017

« Sabiha, M. A., Saidur, R., Mekhilef, Saad, Mahian, Omid
Progress and latest developments of evacuated tube solar collectors
(2015) Renewable and Sustainable Energy Reviews, 51, pp. 1038-1054.

[2]

« Fudholi, Ahmad, Sopian, Kamaruzzaman
A review of solar air flat plate collector for drying application
(2019) Renewable and Sustainable Energy Reviews, 102, pp. 333-345.
[3]

1 of 4 11/22/2021, 10:59 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Morrison, G. L., Budihardjo, I., Behnia, M.
Water-in-glass evacuated tube solar water heaters
(2004) Solar Energy, 76 (1-3), pp. 135-140.

[4]

« Zubriski, Stephanie Erin, Dick, K. J.
Measurement of the efficiency of evacuated tube solar collectors under various
operating conditions
(2012) Journal of Green Building, 7 (3), pp. 114-130.

[5]

« Ayompe, L. M., Duffy, Aidan, Mc Keever, M., Conlon, Michael, McCormack, S. J.
Comparative field performance study of flat plate and heat pipe evacuated tube
collectors (ETCs) for domestic water heating systems in a temperate climate
(2011) Energy, 36 (5), pp- 3370-3378.

[6]

« Mahdjuri, F.
Evacuated heat pipe solar collector
(1979) Energy Conversion, 19 (2), pp. 85-90.
[7]

« Saxena, Abhishek, El-Sebaii, A. A.
A thermodynamic review of solar air heaters
(2015) Renewable and Sustainable Energy Reviews, 43, pp. 863-890.
[8]

« Sharma, Neeraj, Diaz, Gerardo
Performance model of a novel evacuated-tube solar collector based on
minichannels
(2011) Solar Energy, 85 (5), pp. 881-890.
[9]

« Kalogirou, Soteris A.
(2014) Solar energy engineering: processes and systems,
[10] (Second Edition). Academic Press

« Tyagi, V. V., Kaushik, S. C., Tyagi, S. K.
Advancement in solar photovoltaic/thermal (PV/T) hybrid collector technology
(2012) Renewable and Sustainable Energy Reviews, 16 (3), pp. 1383-1398.

[11]

« Fudholi, Ahmad, Sopian, Kamaruzzaman, Ruslan, Mohd Hafidz, Alghoul, M. A., Sulaiman,
Mohamad Yusof
Review of solar dryers for agricultural and marine products
(2010) Renewable and Sustainable Energy Reviews, 14 (1), pp. 1-30.
[12]

« Shafieian, Abdellah, Khiadani, Mehdi, Nosrati, Ataollah
Strategies to improve the thermal performance of heat pipe solar collectors in solar
systems: a review
(2019) Energy Conversion and Management, 183, pp. 307-331.
[13]

2 of 4 11/22/2021, 10:59 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Ullah, Asad, Imran, Hassan, Maqgsood, Zaki, Butt, Nauman Zafar
Investigation of optimal tilt angles and effects of soiling on PV energy production in
Pakistan
(2019) Renewable Energy, 139, pp. 830-843.
[14]

« Shariah, Adnan, Al-Akhras, M-Ali, Al-Omairri, I. A.
Optimizing the tilt angle of solar collectors
(2002) Renewable Energy, 26 (4), pp. 587-598.
[15]

« Karmakar, Anjan, Biswas, Agnimitra, Philip, Jibin T., Kuriachen, Basil
Estimation of Heat Loss Factor with the Tilt Angle in a Solar Thermal Flat-Plate
Collector
(2019) Green Buildings and Sustainable Engineering, pp. 73-79.
[16] Springer, Singapore

« Majid, Z. A. A.
(2011) Kajian prestasi sistem pengering pam haba terbantu suria dengan pengumpul suria
multifungsi,
[17] PhD diss., Bangi, Malaysia: Universiti Kebangsaan Malaysia

« Fazlizan, Ahmad, Abdulmula, Ahmed, Amran, Akmal Naim, Lim, Chin Haw, Sopian,
Kamaruzzaman
Performance evaluation of maximum light detection solar tracking system in the
tropics
(2019) Journal of Mechanical Science and Technology, 33 (3), pp. 1391-1397.
[18]

« Ataer, O. Ercan
Storage of thermal energy
(2006) Energy Storage Systems in Encyclopedia of Life Support Systems (EOLSS),
[19]

« Lane, George A.
(1983) Solar heat storage: Latent heat materials,
[20] CRC Press (1st edition)

« Sharma, Atul, Chen Tyagi, V. V., Buddhi, D. C. R.
Review on Thermal Energy Storage with Phase Change Materials and Applications
(2009) Renewable and Sustainable Energy Reviews, 13, pp. 318-345.
[21]

« Fudholi, Ahmad, Sopian, Kamaruzzaman, Gabbasa, Mohamed, Bakhtyar, Ba, Yahya, M.,
Ruslan, Mohd Hafidz, Mat, Sohif
Techno-economic of solar drying systems with water based solar collectors in
Malaysia: a review
(2015) Renewable and Sustainable Energy Reviews, 51, pp. 809-820.
[22]

« Steven, Vanessa, Craven, Colin, Grunau, Bruno
Thermal Storage Technology Assessment
(2013) Cold Climate Housing Research Center (CCHRC),
[23]

3of4 11/22/2021, 10:59 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Elsheniti, Mahmoud B., Kotb, Amr, Elsamni, Osama
Thermal performance of a heat-pipe evacuated-tube solar collector at high inlet
temperatures
(2019) Applied Thermal Engineering, 154, pp. 315-325.
[24]

« Speyer, E.
Solar energy collection with evacuated tubes
(1965) Journal of Engineering for Power, 87 (3), pp. 270-276.
[25]

« Kalogirou, Soteris A.
Solar thermal collectors and applications
(2004) Progress in Energy and Combustion Science, 30 (3), pp. 231-295.
[26]

« Duffie, John A., Beckman, William A.
(2013) Solar Engineering of Thermal Processes,
[27] 4th Edition. John Wiley & Sons

+ (1995) ASHRAE Handbook. HVAC applications,
[28] ASHRAE. Sl Edition. American Society of Heating Refrigerating and Air-Conditioning
Engineers, United States, 1995

« Li, Qiong, Gao, Wenfeng, Lin, Wenxian, Liu, Tao, Zhang, Yougang, Ding, Xiang, Huang,
Xiaoqiao, Liu, Wuming
Experiment and simulation study on convective heat transfer of all-glass evacuated
tube solar collector
(2020) Renewable Energy, 152, pp. 1129-1139.
[29]

Correspondence Address
Maijid Z.A.A.; Kuliyyah of Allied Health Sciences, Bandar Indera Mahkota Kuantan, Malaysia; email: zafriazran@yahoo.com

Publisher: Penerbit Akademia Baru

ISSN: 22897879

Language of Original Document: English

Abbreviated Source Title: J. Advance Res. Fluid Mechanics Therm. Sciences
2-s2.0-85100432007

Document Type: Article

Publication Stage: Final

Source: Scopus

Copyright © 2021 Elsevier B.V. All rights reserved. Scopus® is a registered -
trademark of Elsevier B.V. & RELX Group™

4 of 4 11/22/2021, 10:59 AM



