Soichi Fukuhara 
  
Youcef Ait Amirat 
  
Experimental validation of a proton exchange membrane fuel cell model

   

Experimental validation of a Proton Exchange Membrane Fuel Cell

Introduction:

The development of PEMFC (Proton Exchange Membrane Fuel Cell) systems is slow down by factors such as the social acceptability, the price and the low durability inferior to 2500h. To tackle the durability issues, a model able to predict faults related to water management has been developped. Mainly based on the work of Mckay et al [START_REF] Mckay | Stack level modeling and validation of low temperature fuel cells and systems for active water management[END_REF] this model is able to predict the concentration of the species betwen the membrane and the catalyst by using finite difference method applied to the Fick's law in order to avoid the partial derivative equations to describe the species diffusion through the gas diffusion layer (GDL).

S. Fukuhara / Y. Ait-Amirat / M. Becherif

Model presentation

The following model discretizes the volume of a GDL into several different volumes. The number of these volumes will impact the computation time, thus finding a compromise between the level of discretization and the computation is necessary.

Fick's law :

Fick's first law describes the diffusion flux of the species concentration. It postulates that the flux goes from a region of high concentration to a region of low concentration, with a magnitude proportional to the concentration gradient. The law can be expressed such as :

𝑁 𝑗 = -𝐷 𝑗 𝜕𝑐 𝑗

𝜕𝑦

Liquid water transport through the GDL:

Transport of liquid water inside the GDL is ruled by the capillary pressure describes by the J-Leverett function.

𝑝 𝑐 = 𝜎𝑐𝑜𝑠𝜃 𝑐 𝐾 𝜀 [1.417𝑆 -2.120𝑆 2 + 1.263𝑆 3 ] 𝑊 𝑙 = - 𝜀𝐴 𝑓𝑐 𝜌 𝑙 𝐾𝐾 𝑟𝑙 𝜇 𝑙 𝜕𝑝 𝑐 𝜕𝑆 𝜕𝑆 𝜕𝑦

Finite difference method :

Finite difference method is a well-known method to approximate partial differential equation by the use of a discretization which allow to assume a spatial derivative as a difference between two discretized volume. 

  𝑎𝑛 𝑘-1 -𝑁 𝑗,𝑎𝑛 (𝑘) 𝛿𝑦 𝜕𝑁 𝑗,𝑐𝑎 𝜕𝑦 (𝑘) = 𝑁 𝑗,𝑐𝑎 𝑘 -𝑁 𝑗,𝑐𝑎 (𝑘-1𝑐𝑎 𝑘+1 -𝑐 𝑗,𝑐𝑎 (𝑘) 𝛿𝑦 Results : Comparisons between experimental data and simulation show good results at different operating point.