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Proton Exchange Membrane Fuel Cell (PEMFC) is a promising technology for decarbonized transport. However, the improvement of its performance, cost and durability remains necessary for its industrialization at a larger scale [START_REF] İnci | Renewable and Sustainable Energy Reviews[END_REF]. It has been previously reported that operating heterogeneities over a large cell area may induce fuel cell performance and durability decrease (2, 3).

Indeed, in a cell, electrochemical reactions do not take place homogeneously on the active surface area. The magnitude and orientation of the thermal gradient of the cooling fluid, the oxygen concentration gradient between the gas inlet and outlet and other fluid factors, which impact the current distribution, play a significant role on the local degradations of the active surface area (2). The studies conducted so far focus on the relationship between the operating heterogeneities and the local degradation on the active surface area for a few operating conditions [START_REF] Nandjou | [END_REF]. The objective of our study is on one hand, to better understand the role of those heterogeneities and on the other hand, to identify strategies to control the current, temperature and water distributions to optimize the performance and durability of the cell. To that end, a numerical study is based on a pseudo-3D multi-physics and single-phase model of a standard size cell, developed on COMSOL Multi-physics (2).

In order to calibrate this model and to simulate the influence of temperature and concentrations gradients, the electrochemical response is measured on a small cell called differential cell. This cell is designed to have in plane operating conditions as homogeneous as possible. In this study, the latter is used to emulate the operating conditions representative of 3 chosen areas (inlet, outlet and middle of the cell). Once calibrated, the pseudo-3D model allows to calculate the distributions from 108 operating conditions. Those 108 conditions are chosen from a full factorial experiment design defined according to the automobile application of PEMFC. 
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 12 Figure 1: Geometrical approximation from the 3D geometry (a) to the pseudo-3D approximation (b), at the channel/rib scale. (2) Figure 2: Screenshot of the current density distribution on the active area of the cathode side calculated by the pseudo-3D model. Model of a 5 channels cell with a wavy channel design.