Experimental Investigation of Bubble–Flow Interaction in PEM Electrolysis Using Particle Tracking Velocimetry
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In proton exchange membrane (PEM) electrolysis, mass transport critically affects electrode efficiency and governs the effective utilisation of the catalyst surface [1]. The precious metal catalysts typically employed are both expensive and scarce, motivating efforts to reduce catalyst loading through improved coating strategies [2] and enhanced mass transport. Within the porous electrode, transport processes are influenced by bubble dynamics and external fluid flow. For example, bubble detachment can promote local mixing and refresh the boundary layer, whereas adhering bubbles may block active catalyst sites and hinder performance [3]. Despite their importance, resolving the coupled interaction between bubble dynamics and local transport processes remains challenging, particularly in flow-through electrode geometries.
This work is part of the DFG-funded project BUBBLES, which aims to investigate the mechanisms of bubble nucleation, growth and detachment in interaction with externally imposed flow for both hydrogen and oxygen evolution reactions. We employ optical measurements [4], including high-speed imaging and stereomicroscopy, to resolve bubble evolution, liquid-phase velocity fields and local mass transport of dissolved gases. These measurements are systematically correlated with electrochemical data to establish a comprehensive understanding of two-phase transport processes near the electrode surface.
Here, we present first experimental results obtained from particle tracking velocimetry (PTV), yielding three-dimensional velocity fields at different stages of hydrogen bubble evolution using a Lagrangian particle tracking approach based on the Shake-the-Box algorithm [5]. The measurements show the coupled interaction between bubble dynamics and the surrounding liquid flow: bubble growth and detachment induce local mixing and flow disturbances, while the external flow field influences bubble behaviour.
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