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I, is length of solid oxide electrolytic cells (SOEC). I, is length of the
manifold. |3 is length of parallel channel. w, is width of solid oxide
electrolytic cells.
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Table 1 Geometric model parameter

Structure I I, |3 Wi W, W3 Wy hy h, h3 hy

Parameter/mm 65 63 34 40 2 2 1 0.1 0.1 0.1 1

W, is width of manifold. wj is width of rib. wy is width of flow channel.
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Table 2 Boundary conditions

Operating Hydrogen electrode Oxygen electrode inlet Oxygen inlet Hydrogen inlet
Parameters Inlet temperature/K ; . .
pressure/atm inlet component component flow/(L-min ") flow/(L-min ")
Value 1073 1 90%H,0+10%H, 79%N,+21%0, 0.96 0.96

1 atm=101.325 kPa.
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Table 3 Physical parameter

Parameters Value

Electrolyte conductivity/(S'm™) 3.34x% 104~exp(710 300/T)
3.27x10°-1 065.3/T

4.2x107/T-exp(~1 150/T)

Hydrogen electrode conductivity/(S-m™)

Oxygen electrode conductivity/(S-m™")

Hydrogen electrode porosity 0.37

Oxygen electrode porosity 0.375

Permeability/m’ 6.2x107"

Hydrogen electrode thermal 131
conductivity/(W-m™-K™)

Oxygen electrode thermal 906

conductivity/(W-m™-K™)
Electrolyte thermal conductivity/(W-m™"K™")  2.16
Heat capacity of hydrogen electrode/(J-K-kg™") 500

Oxygen electrode heat capacity/(J-K-kg™") 450
Heat capacity of an electrolyte/(J-K-kg™") 500
Oxygen electrode density/(kg-m ) 5620
Hydrogen electrode density/(kg-m™) 6 500
Electrolyte density/(kg-m ™) 5480

Hydrogen electrode exchange current
density/(A-m’z)

Oxygen electrode exchange current
density/(A-m’z)
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Simulations on Flow Non-uniformity in Parallel Channel of Solid Oxide Electrolysis Cells
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Extended Abstract

Introduction The importance of environmental protection leads to the development on new energy hydrogen production technology.

High-temperature solid oxide hydrogen production technology is widely investigated because of its non-polluting production process

and close to 100% hydrogen production efficiency. However, the solid oxide electrolytic cell (SOEC) cannot be commercialized

because of its short effective service life, in which the electrode degradation effect caused by the uneven distribution of reactant water
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vapor is one of the important reasons for the short life span of the SOEC. The flow inhomogeneity of the conventional parallel flow
channel significantly affects the reaction efficiency and service life of solid oxide electrolytic cells, and the flow uniformity is
dependent on the geometry of the SOEC flow channel. For the flow characteristics of the conventional Z-type solid oxide electrolytic
cell, the molar fraction of water vapor gradually decreases from the two ends to the middle region, which affects the performance of
SOEC. To improve the uniformity of water vapor distribution from the structure, a new channel structure was designed to change the
width of the channel in accordance with a certain cross-sectional area ratio. The cross-sectional area of the channel from the two ends
to the middle could be gradually increased to enhance a supply of water vapor in the middle region, so as to make the overall
distribution of water vapor in the SOEC more uniform, eliminate the electrode degradation effect and prolong the service life of the
solid oxide electrolytic cell.

Methods The total cross-sectional area of the entire flow channel remained unchanged. Based on the characteristic of the water
vapor mole fraction of the conventional Z-type flow channel that decreases regularly from the two sides to the middle, a control
variable method was adopted according to a certain ratio of the width of the flow channel to calculate the size of the cross-sectional
area of each channel. Different water vapor mole fractions of the different flow channels were used. A three-dimensional model of a
Z-type flat plate solid oxide electrolysis cell with uniform and non-uniform channel widths was proposed. The continuity equation,
momentum equations, energy equation, species transport equation coupled with the Nernst equation and the BV equation were
numerically solved by a software named COMSOL to simulate the water vapor molar fraction, local current density, pressure drop,
temperature and heat production power in the flow channel. The flow field characteristics of the conventional Z-type flow channel and
the improved channel structure were obtained via simulating the process of solid oxide electrolysis of water.

Results and discussion The non-uniformity coefficient at electric current densities from 1000 A/m* to 8 000 A/m’ at different
channel width ratios (i.e.,1.0000, 0.957 0, 0.9200, 0.887 6, and 0.858 6) are simulated. The lowest inhomogeneity coefficients of the
solid oxide electrolytic cell are obtained at all current densities when the channel width ratio is 0.920 0. Also, the non-uniformity
increases with the increase of current density. When the current density is 8 000 A/m?, the non-uniformity coefficient is 0.152 for the
traditional channel, but the non-uniformity coefficient for the optimized channel is 0.030 4 at a channel width ratio of 0.920 0,
indicating that the distribution of water vapor mole fraction in the solid oxide electrolysis cell is the most uniform, with the difference
in water vapor molar fractions between the middle and two end channels is only 10.2%. The hydrogen production rate is increased by
7%, compared to the traditional channel. Meanwhile, as the water vapor distribution becomes more uniform, the temperature
difference of the solid oxide electrolytic cell decreases from 105.9 K to 97.2 K. The temperature uniformity is also significantly
improved, thus reducing the electrode degradation effect and the risk of thermal stress concentration due to the electrochemical heat.

Conclusions Changing the width ratio of Z-type channel could affect the distribution of water vapor. In the absence of water vapor
in the middle region of the Z-channel, the flow field uniformity of the Z-channel optimized at a width ratio of 0.920 0 could be greatly
improved. The main reason was that the cross-sectional area of the flow channel in the middle region was proportionally expanded, so
that more water vapor was provided to the part lacking water vapor in the middle, and the electrolytic capacity of the electrolytic cell
could be developed. The effect of electrode degradation was eliminated. This study indicated that the flow field inhomogeneity of the
parallel flow channel itself could be mitigated via changing the geometry of the solid oxide electrolytic cell, which was more
advantageous in terms of reprocessing cost and effectiveness rather than adding a flow distributor or using metal foam filling to
improve the flow field distribution uniformity.

Keywords solid oxide electrolysis cell; channel structure optimization; flow field distribution; numerical simulation



