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The high temperature polymer electrolyte fuel cell (HT-PEFCs) with polybenzimidazole (PBI)-
based membrane is a further development of the low temperature polymer electrolyte fuel 
cell (LT-PEFC) and the phosphoric acid fuel cell (PAFC). It operates at higher temperatures 
from 140 to 180°C and exhibit stable voltage output at steady state conditions. Because of 
higher operating temperatures compared to the LT-PEFC the HT-PEFC shows some 
advantages like relative simple water management, improved electrode kinetics and high 
carbon monoxide tolerance. Over the last few years several CFD models of HT-PEFC have 
been made by several groups, but none of them have used open source CFD tools. 
OpenFOAM is an attractive platform for modelling of HT-PEFC because of its extensibility. In 
this project, we developed a HT-PEFC OpenFoam solver which is based on a previous fuel 
cell solver for SOFC [1]. It can describe the mass/momentum/species transfer in gas 
channels and porous electrodes, heat transfer in solids and electrochemistry on the surfaces 
between membrane and electrodes.   
One creative part of our work is the water balance model. HT-PEFC uses phosphoric acid-
doped polymer membrane as the electrolyte. With heating, the orthophosphoric acid in the 
electrolyte may change into pyrophosphoric acid during dehydration, thus changing the 
proton conductivity of the membrane. Therefore, the distribution of liquid water in the 
membrane is important for the fuel cell performance. In the HT-PEFC solver, we developed a 
model which combines the evaporation of liquid water on the membrane surface, the 
diffusion of the liquid water in the water-acid system and the transport of water vapor.  
Another important part of our work is the Maxwell-Stefan diffusion formulation. Base on the 
work of Novaresio et al. [2], a Maxwell-Stefan diffusion model is implanted into our solver, to 
refine the calculation of multicomponent diffusion.  
The model runs on the RWTH compute cluster of the Jülich Aachen Research Alliance 
(JARA). OpenFoam shows a good capability of parallelization: the speedup is almost linear 
up to 960 processors. 
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