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HIERARCHICHAL METHODOLOGY
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EXPERIMENTAL SETUP

Eclectic vehicle (EV) battery packs with 

large prismatic cells might exhibit significant 

inter- and intra-cell spatio-temporal temperature 

gradients, accelerating battery degradation.

Digital twins are real-time digital replicas of 

physical systems that enable predictive 

maintenance, performance optimization, and 

lifecycle management.

Finite element analyses (FEA) are accurate 

but computationally prohibitive for real-time 

digital twins of large systems.

Reduced-order models (ROMs) balance 

computational efficiency and predictive 

accuracy.

CORE CONCEPTS

Effective digital twins of EV battery packs 

are paramount for real-time predictions and 

optimal thermal and electrical performance. 

This work proposes a novel approach to 

modelling the thermo-electrical performance 

of liquid-cooled EV battery packs with 

prismatic cells using a hierarchical ROM 

framework.

The framework is highly iterative, with 

experiments and results at lower levels of the 

hierarchy informing design and modelling 

decisions at higher levels.

REDUCED-ORDER NUMERICAL MODELLING
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Per Element
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Thermal Network
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Thermal Network

Baseline battery module

with 4 prismatic cells, a cold 

plate, and cooling fluid.

Heat generation is 

calculated from the input 

current and voltage data.

Transient temperature data is 

collected to validate models.  

Characterization Results

Computational Efficiency

ROM predictions closely match 

experimental results and are significantly 

faster than FEA-based models. 
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