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Abstract: Commercialization of technology of PEMFC (proton electron membrane fuel cells) remains a big
obstacle regardless of the broad research on PEM and other fuel cells.High temperature proton exchange
fuel cell has found its wide application now days and it is very important to manage the Heat and
apply cooling arrangement for the fuel cell stack as durability is at stake when exposed for the
longer duration. Considering the heat sources HT-PEM has three heat sources: 1) irreversible joule
heating caused by the charge transport in the solid electrolyte or the conductor 2) Reversible
heating due to the charge entropy change and 3) irreversible heating of the reaction caused due to
the over potential. Considering all the aspect it is found that the optimum temperature for HT PEM
Fuel cell is 170°C to 180 °C though it is observed that at 200 °C the efficiency has shown positive
effect. The enormous heat generated by the electrochemical reaction of the fuel cell as a by-product
and when it reaches to the extreme limit of the recommended temperature which makes cooling
necessary and based on the FC power the cooling strategy is to be implemented accordingly, Even
though there are many methods for cooling but the medium through which the cooling takes place
is restricted to 2 i.e. Air and Liquid..

Keywords: Proton Exchange Membrane Fuel Cell, Irreversible Joule Heating, Reversible Heating,
Irreversible Heating, Cooling, Heating

REFERENCES

[1]. Z. Pors, “Palivovéplanky,” Ustav Jaderného Vyzkumuéez, a.s., 2002, [2015-02-15] www.cez.cz/edee/content

/file/vzdelavani/palivove-clanky.pdf

12].

13].

[4].

[S].

[6].

[71.

[8].
[9].

W.AN. Mohamed, R. Atan, and A.A. Ismail, “Heat transfer simulation of a single channel air-cooled Polymer
Electrolyte Membrane fuel cell stack with extended cooling surface,” International Conference on Science and
Social Research (CSSR), pp. 91-96, December 2010.

Mathur V.K., Crawford J. (2007) Fundamentals of Gas Diffusion Layers in PEM Fuel Cells. In: Basu S. (eds)
Recent Trends in Fuel Cell Science and Technology. Springer, New York, NY.

Shen P. (2008) PEM Fuel Cell Catalyst Layers and MEAs. In: Zhang J. (eds) PEM Fuel Cell Electrocatalysts and
Catalyst Layers. Springer, London.

Mazzapioda, Lucia (2019),“Polymer Electrolyte Membranes Based on Nafion and a Superacidic Inorganic
Additive for Fuel Cell Applications.” Polymers vol. 11,5 914. doi:10.3390/polym11050914)

Imamura, D., Ebata, D., Hshimasa, Y., Akai, M., & Watanabe, S. (2007). Impact of Hydrogen Fuel Impurities on
PEMFC Performance. SAE Transactions, 116, 621-626.

Linhao Fan, Guobin Zhang, Kui Jiao (2017) “Characteristics of PEMFC operating at high current density with low
external humidification”, Energy Conversion and Management, Volume 150.

The equations are chosen from Comsol Multiphysics suitable for HT-PEMFCs

C.H. Hamann, A. Hamnett, W. Vielstich, Electrochemistry, WILEY-VCH, ISBN 978- 3-527-31069-2 (2007)

Copyright to IJARSCT DOI: 10.48175/IJARSCT-3291 443
www.ijarsct.co.in



C IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT

Impact Factor: 6.252

[10]. F.P. Incropera, D.P. DeWitt, T.L. Bergman, A.S. Lavine, Fundamentals of heat and mass transfer, John Wiley &
Sons, ISBN 0-471-45728-0 (2007)

[11]. Lee, C.L; and Chu, H.S. (2007). Effects of temperature on the location of the gas-liquid interface in a PEM fuel
cell. Journal of Power Sources, 171(2), 718-727.

[12]. Sun H, Xie C, Chen H, Almheiri S. A numerical study on the effects of temperature and mass transfer in high
temperature PEM fuel cells with ab-PBI membrane. Appl Energy 2015; 160:937-44.

[13]. Wang Y, Sauer DU, Koehne S, Ersoez A, Dynamic modelling of high temperature PEM fuel cell start-up process,
International journal of hydrogen energy 39, 19067-19078 (2014).

[14]. Rosli RE, et al., A review of high-temperature proton exchange membrane fuel cell (HT-PEMFC) system,
International Journal of Hydrogen Energy (2016), http://dx.doi.org/10.1016/j.ijhydene. 2016.06.211

[15]. Park J, Min K. A quasi-three-dimensional non-isothermal dynamic model of a high-temperature proton exchange
membrane fuel cell. J Power Sources 2012; 216:152-61.

[16]. Lebzk J, Ali ST, Meller P, Mathiasen C, Nielsen LP, Kaer SK. Quantification of in situ temperature measurements
on a PBI-based high temperature PEMFC unit cell. Int J Hydrogen Energy 2010; 35:9943-53.

[17]. Weng F-b, Cheng C-K, Lee C-Y, Chang C-P. Analysis of thermal balance in high-temperature proton exchange
membrane fuel cells with short stacks via in situ monitoring with a flexible micro sensor. Int J] Hydrogen Energy
2014;39:13681-6.

[18]. Zhang J, Tang Y, Song C, Zhang J. Polybenzimidazole membrane-based PEM fuel cell in the temperature range
of 12000 -200[0 ,C. J Power Sources 2007;172:163-71.

[19]. Wannek C, Dohle H, Mergel J, Stolten D. Novel VHT-PEFC MEAs based on ABPBI membranes for APU
applications. Electrochem Soc 2008; 12:29-39.

[20]. Parrondo J, Rao CV, Ghatty SL, Rambabu B. Electrochemical performance measurements of PBI-based high-
temperature PEMFCs. Int J Electrochem 2011:2011.

[21]. Ong A-L, Jung G-B, Wu C-C, Yan W-M. Single-step fabrication of ABPBI-based GDE and study of its MEA
characteristics for high-temperature PEM fuel cells. Int J Hydrogen Energy 2010; 35:7866-73.

[22]. Andreasen SJ, Ker SK. Modelling and evaluation of heating strategies for high temperature polymer electrolyte
membrane fuel cell stacks. Int J Hydrogen Energy 2008; 33:4655-64.

[23]. Barreras F, Lozano A, Roda V, Barroso J, Marti'n J. Optimal design and operational tests of a high-temperature
PEM fuel cell for a combined heat and power unit. Int J Hydrogen Energy 2014; 39:5388-98.

[24]. Oono Y, Fukuda T, Sounai A, Hori M. Influence of operating temperature on cell performance and endurance of
high temperature proton exchange membrane fuel cells. J Power Sources 2010; 195:1007-14.

[25]. Spiegel C. Designing and building fuel cells. (McGraw-Hill,2007)

[26]. Mohamed H.S. Bargal, Mohamed A.A. Abdelkareem, Qi Tao, Jing Li, Jianpeng Shi, Yiping Wang. Liquid cooling
techniques in proton exchange membrane fuel cell stacks: A detailed survey, Alexandria Engineering Journal,
Volume 59, Issue 2, 2020, Pages 635-655, ISSN 1110-0168.

[27]. Andreasen SJ, Ashworth L, MenjonRemon IN, Ker SK. Directly connected series coupled HTPEM fuel cell
stacks to a Li-ion battery DC bus for a fuel cell electrical vehicle. Int ] Hydrogen Energy 2008; 33:7137-45.

[28]. Reddy EH, Jayanti S. Thermal coupling studies of a high temperature proton exchange membrane fuel cell stack
and a metal hydride hydrogen storage system. Energy Procedia 2012; 29:254-64.

[29]. Chandan A, Hattenberger M, El-kharouf A, Du S, Dhir A, Self'V, et al. High temperature (HT) polymer electrolyte
membrane fuel cells (PEMFC) e a review. J Power Sources 2013; 231:264-78.

[30]. Dicks JLA. Fuel cell systems explained. England: Wiley; 2003.

[31]. Clement J, Wang X. Experimental investigation of pulsating heat pipe performance with regard to fuel cell cooling
application. Appl ThermEng 2013; 50:268-74

[32]. Reddy EH, Monder DS, Jayanti S. Parametric study of an external coolant system for a high temperature polymer
electrolyte membrane fuel cell. Appl ThermEng 2013; 58:155-64

[33]. Ahmad Baroutaji, Arun Arjunan, Mohamad Ramadan, John Robinson, Abed Alaswad, Mohammad Ali
Abdelkareem, Abdul-Ghani Olabi, Advancements and prospects of thermal management and waste heat recovery

Volume 2, Issue 3, April 2022

Copyright to IJARSCT DOI: 10.48175/IJARSCT-3291 444
www.ijarsct.co.in



(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT

Impact Factor: 6.252
of PEMFC, International Journal of Thermofluids, Volume 9, 2021, 100064, ISSN 2666-2027
https://doi.org/10.1016/j.1jft.2021.100064.

Volume 2, Issue 3, April 2022

Copyright to IJARSCT DOI: 10.48175/IJARSCT-3291 445
www.ijarsct.co.in



