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Charge-discharge cycle simulation of lead-acid cell using chebyshev spectral
method
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*P.0.B. 14399-56191 Tehran, Iran, evahid@ut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Thermal run-away of lead acid batteries is one of the destruction modes of lead-acid battery. This
Received 16 July 2017 phenomenon is a thermal-fluid dynamics instability problem that needs to be solved via direct numerical
Accepted 30 August 2017 procedures. High-order simulation of lead-acid battery is the first step of direct numerical simulation

Available Online 20 October 2017 (DNS) methods for research on thermal run-away phenomenon. In this study, due to simple geometry of

lead-acid-cell, spectral methods which are very common in DNS simulation of thermal and fluid

K ds: L S . . .

L:Z;v (Xcisd Battery dynamics instability problems are implemented on lead-acid cell. A full cycle of discharge, rest and
Battery simulation recharge process of a lead-acid cell is simulated by Chebyshev spectral collocation method combined
Spectral method with fourth order Runge-Kutta time integration. Due to complexities, the simulations are performed to
Chebychev colocation find the possible numerical difficulties of this method as the first step. Two coarse and fine grids with

le simulati . . h . .
Cycle simulation Chebyshev polynomials of 8 and 12 order are selected to perform numerical simulations. Comparison of

the error shows that the accuracy will be decreased up to 200 times just by adding two points to the grid.
Also, numerical results show that this method is sufficiently able to predict the cell behavior in the high
rates of cell current. The results indicate that spectral methods and Runge-Kutta time integrations are
promising tools for direct numerical simulation of lead-acid batteries to study complex physical
phenomena such as thermal run-away problem.
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