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Due to its high-energy density and long cycle-life, lithium-ion batteries are used in many in-
dustrial products, such as lap-top computers, electric automobiles, etc. One of important engi-
neering problems of lithium-ion batteries is the safety issue. Under abuse conditions, thermal
run-away takes place and results in serious accidents[1]. Especially, internal short-circuit[2] has
many possible causes, such as electrical abuse (overcharge and external short circuit). Since
self-heating of the cell caused by internal short-circuit is so significant, it is useful to simulate
the thermal behavior of cell during such events[3].

In this preliminary work, we implemented an application for thermal behavior of stacked
lithium-ion cells within the framework of OpenFOAM. Our simulation tool is based on a sim-
ple engineering model. Single layer of lithium-ion cell is modeled as a capacitor. Capacitor
is implemented as internal-boundary condition for electric potential, which requires jump of
electric potential depending on local charge and current density. In general, eletric character-
istics of lithium-ion cell depends on many parameters. Currently, we considered only charge-
and current-dependence of electric potential jump, which is determined by interpolating user-
defined 2D tables. 1

Schematic procedure of one time-step is given as follows:

1. Electric potential is determined by Poisson equation, solved with this jump-cyclic bound-
ary conditions.

2. According to Ohm’s law, current density distribution is calculated.

3. Charge at capacitor boundry patch is updated by evaluating surface current.
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1 We don’t directly solve electrochemical reactions in lithium-ion cell, which determines the characteristics of

the cell. Instead, we use only characteristics determined by experiments or simulations based on electrochemical
model of lithium-ion cell.



4. In order to handle non-linearity of jump field, updated charge is used as a estimation,
and above process is iterated until the estimation of updated charge converges.

5. Temperature is calculated by considering thermal diffusion and Joule heating.

Surface heating at capacitor patch is also taken into consideretion. In addition, effect of internal
short-circuit is modeled by enforcing zero jump at arbitrary position. Thus, this application
can simulate thermal behavior of lithium-ion cell under various conditions, such as charging or
discharging, with or without internal-short circuit.

Thanks to the OpenFOAM framework, large-scale simulations for various shapes of stacked
cells can be performed. As a preliminary evaluation of this application, results of several case
studies are presented.
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