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Fig. 1. Geometry structure and finite element model of SOFC: (a) Geometry structure of co-flow/counter-flow patterns; (b) geo-

metry structure of cross-flow pattern; (c) finite element model of co-flow/counter-flow patterns; (d) finite element model of cross-

flow pattern.
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Table 2.  Electrochemical model parameters/29-30.
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AETAR SR/ (Sm ) 1.4%100

3 AR SR
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—e— Current simulation result
0.9 -4 - Previous simulation results
obtained by Liul31l
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XF L R

Fig. 2. Comparison of the polarization curves between the
results of current finite element model and the results ob-
tained in Ref. [27].

Simulation results Previous simulation results
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3 AT BROTRE B i R 4340 A 5 Sk [27] BB
SERXTILE (a) AAERTEG (b) AAERIEG (o) K
AR

Fig. 3. Comparison of the gas components distribution
between the results of current finite element model and the
results obtained by Ref. [27]: (a) Hydrogen mole fraction;
(b) oxygen mole fraction; (c¢) water vapor mole fraction.
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Fig. 4. SOFC electrolyte current density distribution in the case of downstream: (a) Plot of maximum and minimum electrolyte cur-

rent density at different voltages; (b) electrolyte current density cloud at voltage of 0.9 V; (¢) electrolyte current density cloud at
voltage of 0.6 V; (d) electrolyte current density cloud at voltage of 0.3 V.
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Fig. 6. Polarization curves and power density curves of SOFC under different flow modes: (a) Polarization curves; (b) power densi-
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Fig. 7. Distribution of hydrogen in different flow channels under different voltages: (a) Histogram of the range of hydrogen mole

fraction; (b) hydrogen molarity fraction distribution.
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Fig. 8. Distribution of oxygen in different flow channels under different voltages: (a) Histogram of the variation range of oxygen

mole fraction; (b) contour map of oxygen mole fraction distribution.
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Fig. 9. Velocity distribution in the flow channel when the cell voltage is 0.9 V: (a) Velocity distribution in the anode flow channel;
(b) velocity distribution in the cathode flow channel.
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Fig. 10. Velocity distribution in the flow channel when the cell voltage is 0.5 V: (a) Velocity distribution in the anode flow channel;
(b) velocity distribution in the cathode flow channel.

Anode flow channel gas velocity: —=— 0.1 m/s —— 0.2 m/s —— 0.3 m/s —v— 0.4 m/s 0.5 m/s
0-9 % 0.40 0-9 0.40 R 0-9F \ 0.40
0.8 0.38} 0.8 0.38} osl % 0.38
0.36 0.36 0.36
0.7 0.34 | 0.7 0.34 | 0.7F 0.34
> 0.32} & 0.32} Z 0.32
< L % < : < L :
3 06 " 030b. N 5 0.6 B0khai 0N 3 06 0.30 b
BN L . 4000 5000 6000 BN . 4500 5500 6500 BN | 4500 6000 7500
0.5 . 0.5 . 0.5
0.4 \ 0.4r \ 0.4} .
08 o3t® \ 03[0
0 1 2 3 4 5 6 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7 8
Average current density/(10° A-m~2) Average current density/(10% A-m~2) Average current density/(10° A-m~2)

P11 PR SRS R R R R A e (a) WU (b) 30 () 3C X
Fig. 11. SOFC polarization curves under different airflow velocities of anode channel gas: (a) Co-flow; (b) counter-flow; (c) cross-

flow.
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Fig. 12. SOFC power density curves at different airflow velocities of anode channel gases: (a) Co-flow; (b) counter-flow; (c) cross-

flow.
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Fig. 13. SOFC polarization curves under different airflow velocities of cathode flow channel gases: (a) Co-flow; (b) counter-flow;

(c) cross-flow.
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Fig. 14. SOFC power density curves at different airflow velocities of cathode channel gases: (a) Co-flow; (b) counter-flow; (c) cross-

flow.
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Abstract

Under the dual background of deep adjustment of global energy pattern and severe challenges of

environmental problems, solid oxide fuel cell (SOFC) has become the focus of research on efficient and clean

energy conversion technology due to its many excellent characteristics. The electrochemical performance of

SOFC is affected by various factors such as gas flow pattern (co-flow, counter-flow, cross-flow), flow rate

(cathode and anode channel gases), and operating voltage. Accurately analysing the variation of electrochemical

indexes with each factor is the basis for proposing the design scheme of high efficiency reaction of the cell.
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Therefore, a three-dimensional multi-field coupling model of SOFC is established in this study, and the model
parameters and boundary conditions covering electrochemistry, gas flow, substance diffusion, etc. are set to
study the influence of the coupling between factors on the electrochemical performance of the cell. These results
show that with the decrease of operating voltage, the electrochemical reaction rate of the cell increases
significantly, the gas mole fraction gradient increases, and the inhomogeneity of the electrolyte current density
distribution is enhanced. Under low-voltage operating conditions, the cross-flow flow pattern shows better
electrochemical performance advantages, and its power density profile takes the lead in different current density
intervals. With the increase of the flow rate of the flow channel gas, the output power density curve of the cell
shows an overall upward trend, and then the driving effect of the flow rate increase on the power density
increase is gradually weakened due to the saturated cathodic reaction. This study reveals the influence of the
coupling of flow pattern, flow rate and voltage on the electrochemical performance of SOFC, and provides

guidance for the commercial application of SOFC.

------ - - Electrolyte current density (co-flow)

\
|
|
|

Voltage ! :
| |
----------------------------------------------------- | |
It SOFC geometry structure \ | !
| |
| 1 | |
| \ | |
| \ \ o
| I ettt ittt
|
! H jommmmm o Electrochemical performance - ================== N
| H - 1
: Anode flow channels : | a :
: Anode diffusion layer : : Igzﬂ’:‘;_ﬂow g 2500 1
H ! H 0.8 —a— Cross-flow E i
1 1 ! = 2000 | !
! 1| Flow | g |
! : pattern 1 2 1500 } :
i M i & :
|
: Cathode diffusion layer H | % 1000 | !
1 Cathode flow channels | : s —=— Co-flow :
! ERERERRER | H o —e— Counter-flow |
! I | % 500 —#— Cross-flow |
: Cathode interconnect : : L L N g s s s s :
| : : 0 5000 10000 15000 20000 < 0 5000 10000 15000 20000 :
' 1 I} Average current density/(A-m~2) Average current density/(A-m~2) |
vl N T
: PR e Electrochemical performance (cross-flow) - ============-= ~
—~ —~ \
i L ; _ !
i 1 B 2500 z 2500 !
: 1E ' 3 J
I = 2000 F = 2000} / !
1 (-] 5] !
1| Flow 1 % 1 % |
| | | velocity | & 1500 F 2 1500 |
H 1 el Anode flow channel = Cathode flow channel !
H . 1 18 // gas velocity: 2 gas velocity: H
| Co-flow /counter-flow Cross-flow I' : % 1000 ——0.1m/s < 1000 ——0.5m/s |
L T T T T 8 r —-0.2m/s e} —o—1.0 m/s |
: © K% —4—0.3 m/s o —A—1.5m/s !
18 500 H 0.4 m/s 500 2.0 m/s !
!5 is 0.5 m/s 5 7 2.5 m/s 1
g s s s s g s s H s
: < 0 5000 10000 15000 20000 < 0 5000 10000 15000 20000 :
\ Average current density/(A-m~2) Average current density/(A-m~2) |

Keywords: solid oxide fuel cells, airflow pattern, multi-field coupling, electrochemical performance
PACS: 82.47.Ed, 47.27.nd, 91.55.Ax DOI: 10.7498/aps.74.20250096

CSTR: 32037.14.aps.74.20250096

118201-14


http://doi.org/10.7498/aps.74.20250096
https://cstr.cn/32037.14.aps.74.20250096
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

SRMEAFERE1ERA T BEREAREL it 4 22 1 R
I EY XL EFMm oK LR x4iE Ik

Electrochemical properties of solid oxide fuel cells under the coupling effect of airflow pattern and airflow velocity

WANG Hao  XIE Jiamiao HAO Wengian LI Jingyang ZHANG Peng  MA Xiaofan LIUFu  WANG
Xu

5] Fi{i5 &, Citation: Acta Physica Sinica, 74, 118201 (2025) DOI: 10.7498/aps.74.20250096
CSTR: 32037.14.aps.74.20250096

TELEHE View online: https://doi.org/10.7498/aps.74.20250096

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

K ZR B AL M IE AR AR R SR AL G 7 S Ak PR fE

Preparation and electrochemical performance of sodium manganese oxides as cathode materials for aqueous Mg—ion batteries

YrH2EAR. 2021, 70(16): 168201  https://doi.org/10.7498/aps.70.20202130

2 ) PR S AR X [ A S A AR ri Tt = A T 0 S o A ) 2 i
Influences of space charge layer effect on oxygen vacancy transport adjacent to three phase boundaries within solid oxide fuel cells

YIBR2A 4. 2021, 70(12): 128801  hitps:/doi.org/10.7498/aps.70.20210012

A TR [ S PMIR) F  F) FL B SR e By

Analysis of electrode crack propagation in solid oxide fuel cell with pre—crack

WAL 2024, 73(23): 238201 https://doi.org/10.7498/aps.73.20241176

(8] (A S A D AR HL T LT AU P AL I S el BE B HEBIF 5
Study on extremely high temperature gradient at entrance of solid oxide fuel cell by preheating model

Y2, 2022, 71(16): 164401 https://doi.org/10.7498/aps.71.20220031

ZYE G FedE i B RER TSN P HL ]

Regulation mechanism of giant magneto—impedance effect of multi-field coupling Fe—based alloy

YIBR2FA. 2022, 71(23): 237501 htips://doi.org/10.7498/aps.71.20221376

TR R T i AL I SR T AR B 2 s LR

Mechanism analysis of magnetohydrodynamic control in hypersonic turbulent flow

YFEEEAR. 2022, 71(21): 214702 https:/doi.org/10.7498/aps.71.2022094 1


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250096
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20202130
https://doi.org/10.7498/aps.70.20202130
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210012
https://doi.org/10.7498/aps.70.20210012
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241176
https://doi.org/10.7498/aps.73.20241176
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220031
https://doi.org/10.7498/aps.71.20220031
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221376
https://doi.org/10.7498/aps.71.20221376
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20220941

	1 引　言
	2 SOFC多场耦合模型
	2.1 电化学模型
	2.2 气体流动模型
	2.3 物质扩散模型

	3 SOFC有限元模型
	4 计算结果与分析
	4.1 有限元模型验证
	4.2 工作电压对SOFC电化学性能的影响
	4.3 气流流型对SOFC电化学性能的影响
	4.4 气流流速对不同流型SOFC电化学性能影响

	5 结　论
	参考文献

