
Modeling of Multiscale Phenomena in Polymer-Electrolyte Cells 

Jie Zhou,* Lalit Pant,* Michael Gerhardt,* Hans Johansen,* Iryna Zenyuk,† and  

Adam Weber* 
*Energy Conversion Group, Energy Technologies Area 

Lawrence Berkeley National Laboratory 
1 Cyclotron Road, Berkeley CA 94720, USA 

e-mail: azweber@lbl.gov, web page: http://ecg.lbl.gov 
 

† Department of Chemical Engineering, University of California, Irvine, CA, 92697, USA 
 
 

ABSTRACT 

Multiphase transport is endemic in polymer-electrolyte electrochemical cells due to the need 
to operate at high current densities and below 100C, for power density and electrolyte 
hydration, respectively. In both fuel cells and electrolyzers thermal and water management 
play critical roles, especially with respect to droplet/bubble formation and associated liquid 
and gas transport.1-3 Furthermore, the materials properties are highly dependent on local 
conditions (e.g., temperature, pressure, gas concentration, etc.), thus making the problem 
highly stiff and nonlinear. Mathematical modeling is ideally suited to tackle such issues, 
especially due to the inherent divergent time and length-scales involved during operation. In 
this talk, recent modeling analysis will be discussed for both electrolyzers and fuel cells. 
Within electrolyzers, we will explore the controlling phenomena in terms of transport 
including how bubble formation and blockage of the reaction site results in a local periodic 
operation. This will be accomplished by comparing multiscale, multiphysics simulations of 
the local and electrode length-scales with x-ray computed tomography data. For fuel cells, 
we will discuss modeling of distributions of humidity down the channel and how these 
impact overall performance in the cell for both hydroxide and proton operating regimes.     

ACKNOWLEDGEMENTS 

This work was funded under the Fuel Cell Performance and Durability and HydroGen Consortia 
funded by the Energy Efficiency and Renewable Energy, Fuel Cell Technologies Office, of the U. S. 
Department of Energy under contract number DE-AC02-05CH11231 and a CRADA with HyET. 

 

REFERENCES 

[1] M. Carmo, D. L. Fritz, J. Mergel and D. Stolten, International Journal of Hydrogen Energy, 
2013, 38, 4901-4934. 

[2] T. Kadyk, D. Bruce and M. Eikerling, Scientific reports, 2016, 6, 38780. 

[3] A. Z. Weber, R. L. Borup, R. M. Darling, P. K. Das, T. J. Dursch, W. B. Gu, D. Harvey, A. 
Kusoglu, S. Litster, M. M. Mench, R. Mukundan, J. P. Owejan, J. G. Pharoah, M. Secanell 
and I. V. Zenyuk, J. Electrochem. Soc., 2014, 161, F1254-F1299. 

  


	Jie Zhou,* Lalit Pant,* Michael Gerhardt,* Hans Johansen,* Iryna Zenyuk,† and
	Adam Weber*
	ABSTRACT

