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High-Fidelity Modeling of Cell-Level Thermal Runaway
in Lithium-lon Batteries
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Abstract

The rapid expansion of battery applications in transport and stationary storage has renewed
attention on safety, particularly the mechanisms leading to thermal runaway (TR). Recent
reviews on battery thermal management [1] and cell failure behaviour [2] highlight that TR
is driven by strongly exothermic reactions and the release of flammable gases, which can
lead to ignition, pressure rise and structural damage. Although many modelling approaches
examine TR at the module or system level, the need for robust tools capable of predicting
and mitigating TR events at the cell level has become more pressing [1, 2, 3]. This work
develops a numerical framework to investigate TR at the cell level using Large Eddy
Simulations (LES) implemented in OpenFOAM. The configuration follows the experimental
setup and reduced-order modelling strategy proposed by Cellier (2023) [3] and allows a
coupled simulation of heat release, gas venting and internal flame development. The model
accounts for reactive gas dynamics, pressure evolution and anisotropic heat transfer. It also
includes the influence of geometric confinement on flame behaviour, consistent with the
analyses reported in recent studies [4, 5]. Thermochemical inputs and boundary conditions
rely on the experimental data provided in [2], particularly concerning the influence of cathode
composition on gas release and ignition thresholds. Additionally, key design features, such
as the vent opening and the thermal response of the casing, were varied to examine how
they influence the gas release and the redistribution of heat during a TR event. These
analyses help clarify the conditions under which internal failure develops and point to design
adjustments that can enhance protective structures and the positioning of diagnostic
sensors. By resolving cell-level processes with higher physical fidelity, the result from this
study reduces uncertainties in existing predictions and contributes to assessment tools for
emerging battery technologies with an increased reliability.

Keywords: Thermal runaway, OpenFOAM, LES, flame propagation, lithium-ion batteries,
cell-level simulation, validation

Acknowledments:

This research is part of the SPARC project, which is funded by the Swedish Energy
Agency. Computational resources were allocated by the Centre for Scientific and Technical
Computing at Lund University (LUNARC), with reference no. LU 2025/2-40.

References:
1. Li, W, Zhou, Y., Zhang, H. and Tang, X., (2023). A review on battery thermal management for new
energy vehicles. Energies, 16(13), p.4845.

Page 1



MODVAL 2026: 22nd Symposium on Modeling and Experimental. Validation of Electrochemical Energy Technologies
10 — 11 March 2026, Lausanne Switzerland

2. Golubkov, AW, Scheikl, S., Planteu, R., Voitic, G., Wiltsche, H., Stang|, C., Fauler, G., Thaler, A. and
Hacker, V., 2015. Thermal runaway of commercial 18650 Li-ion batteries with LFP and NCA cathodes—
impact of state of charge and overcharge. Rsc Advances, 5(70), pp.57171-57186.

3. Cellier, A., 2023. Simulation aux Grandes Echelles de Feux de Batteries Lithium-ion pour le Diagnostic
de 'Emballement Thermique (Doctoral dissertation, Institut National Polytechnique de Toulouse-
INPT).

4. lllacanchi, F., Valencia, S., Celis, C., Mendiburu, A., Bravo, L. and Khare, P., 2023. Numerical Study
of Distorted Tulip Flame Propagation in Confined Systems. arXiv preprint arXiv:2309.05893.

5. Liberman, M.A., Qian, C. and Wang, C., 2022. On the formation of a tulip flame in closed and semi-
open tubes. arXiv preprint arXiv:2209.00709.

Page 2



