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1. Solid Oxide Fuel Cells
2. Electrochemical Impedance Spectroscopy
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1. Equivalent Circuit
2 . Symmetrical Cells
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Figure 1- Schematic diagram of the planar SOFC, and the computational domain
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Table 1- Electrode geometry [19]

Element Size
Cell length, L (mm) 19
cell width, W (mm) 2
Channel width, W, (mm) 1
Channel height, h,(mm) 1
Rib width, Wg;;, (mm) 0.5
Anode thickness, L, (um) 700
Anode porosity, & 0.3
Anode tortuosity, t 35
Average pore radius, r, (uUm) 1
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1. Bosanquet

2. Fuller

3. Knudsen Diffusion Coefficient
4. Bosanquet Diffusion Coefficients
5. Bruggman

6. Tortuosity

7. Reichenberg
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Table 2- SOFC operational conditions
Description Value
Gas inlet velocity, wu;, (cm/s) 38
Outlet pressure, P, (Pa) 101325
Hydrogen inflow mole fraction, x{{’z 99%
Water inflow mole fraction, x}{‘zo 1%
Temperature, T (°C) 750
Amplitude in impedance simulation, Neycitation (MV) 1
Activation energy of the exchange current density, E.. (kd/mol) [27] 105.04
Pre-exponential factor of the exchange current density, y (A/m?) [27] 1.83x10°T
Empirical exponent of the exchange current density, a [27] -0.1
Empirical exponent of the exchange current density, b [27] 0.33
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— - — Chaisantikulwat et al. (2008)
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Figure 2- Polarization curve for both mass transfer models (mass transfer in the gas channel and in the porous electrode) and
polarization curve when eliminating the mass transfer model in the porous electrode
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English Abstract
The Effects of Gas Flow in Anode Channel and Within Anode Electrode on

Electrochemical Impedance of Solid Oxide Fuel Cell

Rafat Mohammadi
Department of Mechanical Engineering, Faculty of Engineering, Arak University, Arak, Iran
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The purpose of the current study is to investigate the effects of gas flow in anode channel and within anode
electrode on concentration impedance of a solid oxide fuel cell. The gas phase mass transport is modelled
using transient conservation equations (momentum and species equations). Results show that gas flow and
mass transport in the gas channel results in a depressed semicircle in the Nyquist plot with low relaxation
frequency (less than 10Hz). In addition, gas transport in the thick porous anode leads to a Warburg diffusion
impedance with relatively higher relaxation frequency (around 100Hz). The influences of parameters such as
inlet gas velocity, electrode thickness and inlet gas compositions are also investigated and the results are
discussed. From the simulation results, it is found that the EIS simulation produces a tool for both analysing
experimental results of EIS and performance optimization of fuel cells. In addition, the developed simulation
tool may allow for a reduction in the amount of costly trial and error experiments.

Keywords: Solid oxide fuel cell, Electrochemical impedance, Concentration impedance, Transient modeling
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