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Abstract

The energy crisis and environmental concerns in recent decades are Received: 9 September 2022
a serious challenge to human life. The fuel cell, especially the solid oxide Accepted: 29 November 2022
type, has been welcomed due to its features such as fuel flexibility, good Page Number: 110-123

efficiency and no need for precious metals. However, the problems of
hydrogen fuel, such as the low energy density of the gas phase, difficult
storage and portability, have suggested ammonia as a suitable alternative
fuel. In this research, tubular all porous solid oxide fuel cell ammonia
fueled has been simulated and investigated. Therefore, the equations of
conservation of mass, momentum, energy, species and electric flux are
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defined, coupled and solved in the form of finite element code. The results Ke_ywords.

show that the presence of electrolyte porosity increases the efficiency of solid Oxide Fuel Cell,
fuel cell ammonia fueled. It was also observed that the power and current Porosity,

density of the fuel cell have a direct relation with the operation Ammonia,
temperature and flow rate and an inverse relation with the porosity of Numerical Simulation

the electrodes.
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2. Tamaru Kinetics Model
3. Temkin-Pyzhev
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1. Haber-Bosch Process
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3. Flat Tube SOFC

1. Ni-Yttria Stabilized Zirconia
2. Ni-Gadolinia-Dope Ceria
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Figure 1. 3D Geometry of Tubular Solid Oxide Fuel Cell.
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Figure 2. Chemical and Electrochemical Reactions of Ammonia Fuelled Solid Oxide Fuel Cell.
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Table 1. The Size of Different Parts of the Fuel Cell.

Parameter Size (mm)

Fuel Channel radius 0.35/2
Anode thickness 0.35
Electrolyte thickness 0.01
Cathode thickness 0.06
Air Channel thickness 0.35
Fuel Cell Length 10
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Figure 3. Mesh Independence.
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Figure 4. Validation.
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Figure 5. Reynolds Number Variations.
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Figure 6. Comparison of Power Variation between Conventional and All Porous SOFCs.
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Figure 6. 3D Distribution of Temperature.
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Figure 8. Effect of Temperature on Fuel Cell Performance.
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Figure 9. Effect of Electrolyte Porosity on Fuel Cell Performance.
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Table 2. Parametric Study.

Parametric Study

Maximum Variable

Inlet Electrolyte | U_inlet | Electrode Currt_ent Temperature
Temperature Porosity (?n /s) Porasity Power Density (W/cm?) Density K)
(K) (Alcm?)
673.00 0.0010000  0.40000  0.40000 9.0065 12.866 661.40
673.00 0.0010000  0.40000  0.45000 8.9338 12.763 661.46
673.00 0.0010000  0.45000  0.40000 9.3752 13.393 663.68
673.00 0.0010000  0.45000  0.45000 9.3072 13.296 663.74
673.00 0.010000 0.40000  0.40000 7.5403 10.772 662.09
673.00 0.010000 0.40000  0.45000 7.5304 10.758 662.09
673.00 0.010000 0.45000  0.40000 7.6976 10.997 664.19
673.00 0.010000 0.45000  0.45000 7.6904 10.986 664.20
773.00 0.0010000  0.40000  0.40000 18.286 26.122 744.58
773.00 0.0010000  0.40000  0.45000 18.187 25.982 744.58
773.00 0.0010000  0.45000  0.40000 18.585 26.549 749.17
773.00 0.0010000  0.45000  0.45000 18.508 26.440 749.18
773.00 0.010000 0.40000  0.40000 10.027 14.324 745.52
773.00 0.010000 0.40000  0.45000 10.034 14.334 745.43
773.00 0.010000 0.45000  0.40000 10.066 14.379 749.89
773.00 0.010000 0.45000  0.45000 10.078 14.397 749.82
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