Parameters plotted

To characterize ionic transport in the battery average diffusive flux x-,y- and z-components  of diffusive flux are calculated and normalized, so that sum of these normalized average flux values is 3. These quantities are marked further as Jx, Jy, Jz. To describe ionic transport in the battery, these quantities are used and we are searching a configuration where all these quantities are equal to 1. Then, advantages of 3D geometry are volumetrically used with maximum efficiency.
Simulations

Simulations are carried out for different electrode heights for 3D interdigitated battery. Heights of the pillars are ranging from 50µm to 1000µm.
Electrode conductivity

Electrode conductivities are 1S/m. Diffusion coefficients of Li and PF6 are 2e-11m/s^2 and 3e-11m/s^2 respectivley.  On figure, red line represents Jx, Blue Jy and R is “reality factor”. It measures minimum concentration in the electolyte and is 1 if minimum concentration becomes smaller or equal to 0. Othervise it is 1. From the results, we can see that ionic transport is dominated by the Jz, leaving other components marginal. To illustrate effects of that, concentration in steady state is presented on Fig 2.
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Figure 1 Original state of the system
On observing concentration distribution of figure 2 it is obvious, that transport is dominated by Jz. It leads quickly to non-uniform depletion/charging of the active material and thus results in poor overall performance. This effect is caused by increased ionic conductivity in the electrolyte.
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Figure 2 Concentration profile in the electrolyte at 1S/m electrode conductivity.
As increase in the ionic conductivity of the electrolyte lead to battery configuration with poor estimated performance, we increase conductivity of the electrodes to balance it out. Increase in conductivity of the electrodes is 1000 times, to 1000S/m. This kind of large increase of electrode conductivity can be viewed as average electrode conductivity of the system, resulting from introduction of current collectors to the pillars. Results are presented on fig. 3
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Figure 3 Conductivity of the electrolyte increased from 1S/m to 1000S/m.
We can see, that now, transport is dominated by Jy, instead of Jz. This is more favorable, as surface area in the Jy direction is much larger than in Jz direction. To illustrate effect of dominating Jy, concentration distribution is presented on following image.
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Figure 4 Concentration distribution at electrode conductivity 1000S/m

Diffusion coefficient of the electrolyte

Second way to influence Jy and Jz is it manipulate ionic conductivity of the electrolyte as diffusion coefficient and ionic conductivity of of the electrolyte are connected, diffusion coefficients of the electrolyte are decreased by factors 10, 50 and 100 in following simulations.
From the results of the simulations, we can see, that decreasing diffusion coefficients is not influencing  Jy and Jz too much. Also, it leads very quickly to physically unrealistic battery configurations.
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Figure 5 Diffusion coefficients decreased by 10 times
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Figure 6 Diffusion coefficients decreased by 50 times
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Figure 7 Diffusion coeffcients decreased by 100 times
