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Abstract: A three-dimensional numerical model was proposed for double cathode solid oxide fuel cells based on the
thermo-electro-mechanical-chemical multi-physics coupling theory. A novel I-type cathode flow channel with an enhanced mass
transfer capability was developed. The gas flow velocity, oxygen molar fraction, pressure loss, temperature, stress distribution, and
electrochemical properties of the I-type cathode flow channel and the conventional Z-type cathode flow channel were investigated.
The results show that compared to the conventional Z-type flow channel, the optimized cathode flow channel has more uniform
distribution of oxygen and less pressure loss in the gas flow, and the loss of concentration polarization reduces with the decrease of
working voltage.
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Table 1 Parameters of electrochemical reaction model'>5-2%

Parameter Effective ionic conductivity/(S-m™") Eieocr:(riirggvity J(S-m) Tlighllﬁg/t(h n? Zrl}.zl;lit EL?;;;E;Z;::;E?;?;J)
7
Anode 9:5x10 exp[—”TSO] 30300 2.14x10° 05
Electrolyte 33.4x 103exp[—10;’00]
7
Eathode 4'2;10 exp[—lzTOO] 17000 2.14x10° 05
Interconnect 769 000
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Table 2 Material properties

122]

Parameters Porosity Permeabilityx10'%/m? Thermal Conductivity/(W-m K™ Thermal capacity/(J-Kg'-K™)
Anode active layer 0.23 1 11 450
Anode support layer 0.46 1 11 450
Electrolyte 2.7 550
Cathode layer 0.3 1 6 430
Interconnect 20 550
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Table 3 Thermodynamic model parameters! 2!

Layer Young’s modulus/GPa  Poisson’s ratio CTEx10%/K
Anode active 220 0.3 12.2
layer

Anode support 213 0.3 12.2
layer

Electrolyte 205 0.3 10.3
Cathode layer 30 0.3 12.5
Interconnect 205 0.3 12.3

CTE—-Coefficient of thermal expansion.
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Table 4 Boundary conditions

P . Operation Operation ~ Operating Anode inlet Cathode inlet components/ Anode inlet Cathode inlet
arameters
temperature/K voltage/V ~ pressure/atm  components/mole fraction  mole fraction flow/(L'min™")  flow/(L-min™")
0.2% H,0 21% O,
Value 1023 0.6 1 0.6 5
99.8% H, 79% N,
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