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Fig. 1. (a) Comparison of the simulation data and experimental data of cell, (b) The charge-discharge voltages of three flow

fields, (c) Multi-cut plane design of porous electrodes at XY plane, (d1-d4) The concentration of V2+ distributed in 1/3L and
2/3L cut plane at different flow rate (M)
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Abstract: All-vanadium redox flow battery (VRFB) has become a key energy storage technology in the
fields of large-scale renewable energy grid-connected energy storage and power grid peak-load regulation
and voltage stabilization, with prominent industrialization application potential, owing to its core
advantages of long cycle life, high safety and stability, and independent decoupling of power and capacity.
However, the conventional flow field structure of VRFB stacks has significant design shortcomings.
Traditional single-flow channel layouts tend to cause uneven electrolyte distribution and excessive local
mass transfer resistance; the mismatch between flow channel geometric parameters and electrode structure
further aggravates the internal polarization effect of the battery and increases fluid pumping energy
consumption, which directly restricts the improvement of battery energy efficiency and power density,
becoming a critical bottleneck for the large-scale application of the technology.
Aiming at the above common technical problems in the industry, this paper focuses on the special
optimization research on the flow field structure of VRFB stacks. Based on the electrochemical mass
transfer mechanism and fluid transport characteristics, this paper sorts out the inherent defects of
conventional flow fields such as traditional serpentine and parallel flow fields, and constructs a systematic
theoretical idea for flow field structure optimization from three core dimensions: flow field topology, flow
channel geometric parameters, and flow field-electrode coupling matching. The research focuses on solving
the contradiction between uniform electrolyte transport and low-resistance flow, eliminating reaction dead
zones inside the stack, and optimizing fluid transport paths.
Keywords: All-vanadium redox flow battery; Flow field structure optimization; Stack flow channel;
Electrolyte mass transfer; Energy storage stack



