
 

 

    

    

 

 

 

Abstract. The SOFC simulations in this research are conducted at temperatures of 600°C, 700°C, and 

800°C, focusing on the Ni-SDC anode, SDC electrolyte, and LSCF-SDC materials used in the SOFC single 

cell. Initially, the single-cell model is created using CAD software, followed by the development of a 

computational fluid dynamics (CFD) model with the requisite material properties. The study then proceeds 

to simulate temperature distribution and cell performance for various supported SOFC stack models 

(electrode and electrolyte supported) at intermediate temperatures. Subsequently, the study examines cell 

performance with varying thicknesses of the anode, electrolyte, and cathode components within the specific 

supported single cell. In summary, the CFD results indicate that cathode-supported SOFCs exhibit higher 

power density, specifically 938.28 mW/cm2 at 800°C, surpassing anode-supported and electrolyte-supported 

configurations. The power density reaches 1495.40 mW/cm2 when the single-cell layer thickness is 0.35 mm 

for the cathode, 0.02 mm for the anode, and 0.01 mm for the electrolyte. However, electrolyte-supported 

single cells display the lowest temperature difference, at 0.028% at 800oC The simulation results 

demonstrate that reducing the thicknesses of all electrodes and the electrolyte leads to increased current 

density, power density, and temperature distribution difference.  

1 Introduction 

Use Solid oxide fuel cells (SOFCs) offer significant 

advantages, primarily when operating at elevated 

temperatures. High-temperature SOFCs, or HT-SOFCs, 

typically utilize yttria-stabilized zirconia (YSZ) 

composite materials, employing nickel oxide – yttria-

stabilized zirconia (NiO-YSZ) as the anode and 

lanthanum strontium manganite – yttria-stabilized 

zirconia (LSM-YSZ) as the cathode. Nevertheless, 

SOFCs operating at such high temperatures face various 

degradation mechanisms, necessitating a thorough 

examination of their thermal behavior and durability 

[1][2]. However, reducing the temperature operation has 

enabled different material-based SOFC to be discovered 

and investigated. In this study, a single ceria-based cell 

composed of an LSCF-SDC cathode, NiO-SDC anode, 

and SDC electrolyte, as well as an interconnect, is 

incorporated to investigate thermal behavior and 

electrochemical performance from 600 to 800oC. 

The study of fluid flow using numerical solution 

methods is referred to as computational fluid dynamics 

(CFD). CFD enables the analysis of complex problems 

involving interactions between fluids, fluids and solids, 

and fluids and gases. Consequently, CFD has become a 

highly valuable and widely used tool for researchers 
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studying transport and electrochemical phenomena 

within fuel cells. In contrast to experimental approaches, 

which often involve complex and expensive setups for 

analyzing SOFC performance, computational fluid 

dynamics (CFD) plays a central role in this project [3]. 

It allows for the examination of how fuel cell behavior, 

design performance, and various parameters are affected 

under diverse operating conditions. Specialized 

software such as ANSYS Fluent will be employed to 

evaluate its influence on SOFC performance. 

One significant factor contributing to the reduced 

thermal durability of SOFCs is the generation of thermal 

stress [4]. These stresses result from temperature 

gradients among different components. Therefore, it is 

essential to study the temperature distribution along the 

single cell to investigate the maximum and minimum 

temperature ranges. These substantial thermal 

fluctuations often lead to cracking and spallation [5]. 

Previous studies have shown that the design of single 

cells, including anode-supported, cathode-supported, or 

electrolyte-supported cells, significantly influences 

thermal behavior in modeling analyses.Additionally, 

anode, electrolyte, and cathode materials possess 

distinct properties. Chelmehsara and Mahmoudimehr 

utilized Ni-YSZ as the anode, YSZ as the electrolyte, 

and LSM-YSZ as the cathode for their CFD modeling 
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[6]. They reported that while the different supported 

SOFC exhibited the different power density with 

various layer thicknesses. Hence, it is crucial to 

determine whether cathode-supported, anode-

supported, or electrolyte-supported configurations are 

suitable for the ceria-based single-cell model. 

 Furthermore, it is imperative to investigate the 

effects of electrode and electrolyte thickness.Several 

studies have explored the effects of electrolyte 

thickness, revealing that reducing it leads to increased 

maximum power density [7-9], especially at higher 

current densities under constant temperature conditions. 

However, research on the influence of electrode 

thickness on SOFCs remains limited. The selected 

thickness of the anode, cathode, and electrolyte plays a 

pivotal role in modeling and significantly impacts the 

thermal behavior and power performance of the SOFC. 

The results from Yang indicate that the maximum power 

density for anode thicknesses of 400, 600, 800, and 1000 

μm is approximately 1.11, 1.07, 0.98, and 0.93 W/cm2, 

respectively [10], while the study demonstrates that the 

maximum power density for electrolyte thicknesses of 

10, 20, 30, and 40 μm is around 1.1, 0.82, 0.7, and 0.6 

W/cm2. In a study by Naseff et al.,  the resulting optimal 

cell parameters are 0.5 mm, 20 μm, and 62.26 μm for 

anode thickness, electrolyte thickness, and cathode 

thickness respectively[11]. The cell maximum power 

density is 1.8 W/cm2, 2.25 W/cm2 and 2.72 W/cm2. 

Despite commendable electrochemical performance in 

experimental tests for individual anodes, cathodes, and 

electrolytes, their thickness can significantly impact 

overall SOFC performance. 

2 Methodology 

The A three-dimensional model of an SOFC stack was 

crafted using Autodesk Inventor software. This model 

encompasses three distinct designs: anode-supported, 

electrolyte-supported, and cathode-supported SOFCs, 

as visually depicted in the accompanying Figure 1.  In 

an exampel of SOFC stack model, the supported 

electrode exhibits a thickness of 0.35mm, while the 

electrolyte and adjacent components maintain a 

consistent thickness of 0.02mm and 0.03mm, 

respectively. Moreover, the interconnect sandwiches the 

single cell. 

 

 
(a) 

 

 
(b) 

 

Fig.1. Schematic of SOFC Model (a) isometric view (b) cross 

section view of SOFC and geometry mesh 

 

 
Table 1. Material Properties of SOFC components [12-

15] 

 

 

 

Material  Anode 

(NiO-

SDC) 

Electroly

te (SDC) 

Catho

de 

(LSCF

-SDC) 

Interconn

ect 

(SUS430) 

Porosity, ε 

(%) 

30 1x10−20 30 - 

Permeabili

ty, β (m2) 

1x

10−12 

1x10−18 1x

10−12 

- 

Electrical 

conductivit

y, σ (Ωm-1) 

80000 - 8400 1x10−16 

Thermal 

conductivit

y, k 

(W/m.K) 

12 2 2.7  15 

Thermal 

expansion 

coefficient, 

TEC (× 10-

6 K-1)  

12.6-

13.5 

12.1 14.8 12 

Tortuosity 

factor, 𝜏 
3 3 3 - 
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Table 2. Operating And Boundary Conditions Of SOFC 

Model [11] 

Parameter Value/Data 

Flow Pattern Parallel flow (Co-flow) 

Inlet gas flow rate at anode 

side (kg/s) 
1 × 10−8 

Inlet gas flow rate at cathode 

side (kg/s) 
8 × 10−6 

Operating temperature (°C) 600 / 700 / 800 

Inlet gas composition at anode 

side (mole fraction) 
97%H2 + 3%H2O 

Inlet gas composition at 

cathode side (mole fraction) 
21%O2 + 79%N2 

Operating pressure (atm) 1 

Operating voltage (V) 0.7 

The ANSYS Fluent solver employs the finite 

volume method to solve the conservation equations, 

utilizing elements as control volumes within the flow 

field. For the meshing configuration, an element size of 

0.000125mm was specified, resulting in a total of 

224,700 nodes and 207,360 elements within the 

geometric model. This element size at 0.000125mm 

demonstrates a high-quality mesh. The cross section of 

SOFC as shown in Figure 1 (b) is analysed as detail 

colour profile can be observed.  

3 Result and discussion 

First and foremost, by examining Figures 2, 3, and 4, it 

becomes evident that the temperature distribution within 

the SOFC single cell becomes more uniform as the 

operating temperature increases. This phenomenon can 

be attributed to the higher operating temperature of the 

SOFC, which enhances ionic conductivity, 

consequently promoting a more even temperature 

distribution [16]. Additionally, it's worth noting that the 

temperature distribution for all supported cell at all 

operating temperarure within the anode area of the 

single cell SOFC is generally larger than that of the 

electrolyte and cathode components. This disparity is 

primarily due to the anode component's higher thermal 

conductivity. When assessing the maximum and 

minimum temperatures at an operating temperature of 

800℃, the percentage differences in temperature for the 

anode-supported SOFC, electrolyte-supported SOFC, 

and cathode-supported SOFC are approximately 

0.0287%, 0.0288%, and 0.04%, respectively. Moreover, 

at an operating temperature of 700℃, the temperature 

differences percentage for these three types of SOFCs 

are approximately 0.0447%, 0.0381%, and 0.0724%, 

respectively. Lastly, at an operating temperature of 

600℃, the temperature differences percentage for the 

anode-supported SOFC, electrolyte-supported SOFC, 

and cathode-supported SOFC, as presented in Table 17, 

are approximately 0.0807%, 0.0545%, and 0.1448%, 

respectively. Genrally, in this study, electrolyte 

supported cell generates more uniform temperature 

profile with minimum temperature difference.  

 

Fig. 2. Temperature distribution at 800℃ (1073K). (a) 

anode-supported SOFC; (b) electrolyte-supported SOFC; (c) 

cathode-supported SOFC 

 

 
Fig.3. Temperature distribution at 700℃ (973K). (a) anode-

supported SOFC; (b) electrolyte-supported SOFC; (c) 

cathode-supported SOFC. 

 

 
Fig.4. Temperature distribution at 600℃ (873K). (a) anode-

supported SOFC; (b) electrolyte-supported SOFC; (c) 

cathode-supported SOFC. 

 

Table 3. Maximum current and power density occurred at 

800oC 

 

 

SOFC single cell SOFC interconnect  

Current 

density, 

mA/m2 

Power 

density, 

mW/c

m2 

Current 

density, 

mA/m2 

Power 

density, 

mW/cm
2 

Anode-

supported 

SOFC 

4336.1 3035.3 1300.8 910.5 

Electrolyt

e-

supported 

SOFC 

1239.4 867.58 371.8 260.2 

Cathode-

supported 

SOFC 

4467.9 3127.5 1340.4 938.3 

 

Furthermore, the performance of cathode-supported 

SOFCs with varying anode thicknesses (0.02, 0.03, and 

0.04mm) and electrolyte thicknesses (0.01, 0.02, and 

0.03 mm) has been compared. Initially, by examining 

the maximum SOFC power density values at an 

operating temperature of 800℃, as shown in Table 39, 

it is evident that reducing the anode thickness from 0.03 

to 0.02 mm and the electrolyte thickness from 0.02 to 

0.01mm results in an increase in maximum power 

density from 3127.53 to 3489.22 mW/cm2, representing 

an approximately 11.56 % power density increase. 

However, when the anode thickness is increased from 

0.03 to 0.04 mm and the electrolyte thickness from 0.02 

to 0.03 mm, the maximum power density decreases from 

   

(a) (b) (c) 

 

   

(a) (b) (c) 
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3127.53 to 2251.62 mW/cm2, indicating an 

approximately 28% reduction in power density. 

According to Perng et al. [20], it was reported that 

as the thickness of the anode layer increases, the 

distance between the anode inlet and the electrolyte also 

increases. This leads to greater resistance on the thicker 

anode side, slowing down fluid flow. This phenomenon 

can hinder the fuel's movement from the anode to the 

electrolyte, subsequently reducing cell performance. On 

the other hand, Chelmehsara and Mahmoudimehr [6] 

noted that an increase in electrolyte thickness may result 

in greater difficulty for ions to pass through the thicker 

electrolyte layer. Therefore, based on the simulation 

results, it can be concluded that reducing the anode 

thickness from 0.03 to 0.02mm and the electrolyte 

thickness from 0.02 to 0.01mm results in higher power 

generation in a cathode-supported SOFC with a cathode 

thickness of 0.35 mm 

 

Table 4.  Maximum current and power density occurred at 

700oC 

 

 SOFC Single cell SOFC interconnect  

Current 

density, 

A/m2 

Power 

density, 

mW/cm
2 

Curren

t 

density, 

A/m2 

Power 

density, 

mW/cm
2 

Anode-

supported 

SOFC 

2309.6 

1616.7 692.9 485.1 

Electrolyt

e-

supported 

SOFC 

882.7 

617.9 264.8 185.4 

Cathode-

supported 

SOFC 

2363.0 

1654.1 708.9 496.2 

 

Table 5. Table 3. Maximum current and power density 

occurred at 600oC 

 

 SOFC Single cell SOFC interconnect  

Curren

t 

density, 

A/m2 

Power 

density, 

mA/cm
2 

Curren

t 

density, 

A/m2 

Power 

density, 

mW/cm
2 

Anode-

supported 

SOFC 

1168.6 818.2 3505.7 245.4 

Electrolyte

-supported 

SOFC 

596.5 417.6 179.5 125.3 

Cathode-

supported 

SOFC 

1187 830.9 3561 249.3 

4 Conclusion 

This study analyzes the results of CFD simulations 

based on various types of supported cells: anode-

supported, cathode-supported, and electrolyte-

supported SOFCs. The findings reveal that the 

electrolyte-supported cell exhibits a more uniform 

temperature distribution, although its power density 

performance is not notably significant. Conversely, the 

cathode-supported cell demonstrates the highest power 

density results with a lower temperature difference. This 

can be attributed to its larger effective reaction zone and 

lower cathode ohmic losses. The optimal layer 

thicknesses identified in this study are as follows: 

cathode (0.35 mm), anode (0.02 mm), and electrolyte 

(0.01 mm). In summary, it can be concluded that among 

the various supported SOFCs, the cathode-supported 

SOFC performs the best, especially at intermediate 

operating temperatures. To enhance the cell 

performance of cathode-supported SOFCs, it is essential 

to optimize the thickness of the cathode component, as 

well as the anode and electrolyte. As a recommendation, 

further research could explore the optimization of the 

SOFC interconnect rib width, as different rib width 

designs may yield varying performance outcomes. 
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research. 
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