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Abstract: 

Vanadium Redox Flow Batteries (VRFBs) are promising electrochemical storage systems for stationary 
applications, owing to their long cycle life, scalability, and decoupling between power and energy. 
However, thermal management remains a critical issue for ensuring high eCiciency, electrolyte stability 
and reliable long-term operation. During charge and discharge, heat generated within the stack is 
transferred to the circulating electrolyte and must be eCectively removed to keep the system within a 
suitable operating temperature range. This requirement is particularly relevant for compact and 
integrated VRFB systems, where conventional heat exchanger architectures may impose limitations in 
terms of volume, eCiciency and pressure drop. This work presents the development of a parametric 
design and simulation workflow for compact air–liquid heat exchangers based on Triply Periodic Minimal 
Surface (TPMS) architectures. The activity focuses on generating TPMS-based heat exchanger cores 
suitable for integration within the thermal management loop of VRFB systems. A modeling workflow has 
been implemented using an implicit design platform to generate families of TPMS geometries by varying 
key parameters such as unit cell size, sheet thickness, and porosity. The workflow enables the extraction 
of relevant geometrical indicators, including surface-to-volume ratio, heat transfer area, solid/fluid 
volume, and porosity.  

 

The parametric design stage is then coupled with a semi-automatic meshing and CFD workflow aimed 
at evaluating the thermo-fluid dynamic behavior of the generated geometries. The numerical screening 
considers pressure drop, velocity fields, temperature distribution, and heat-transfer indicators on both 
air and liquid sides. The final objective is to identify TPMS core configurations that provide an eCective 
compromise between compactness, heat-transfer enhancement, and hydraulic losses, supporting the 
design of advanced additively manufactured heat exchangers for VRFB thermal management. 
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