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A B S T R A C T  
 

Converting chemical energy into electricity is done by an electro-chemical device known as a fuel cell. 
Thermal stress is caused at high operating temperature between 700 oC to 1000 oC of SOFC. Thermal stress 
causes gas escape, structure variability, crack initiation, crack propagation, and cease operation of the SOFC 
before its lifetime. The aim of this study is to present a method that predicts the initiation of cracks in an 
anisotropic porous planar SOFC. The temperature and stress distribution are calculated. The code uses the 
generated data, stress intensity factor, and the J-integral of the materials to predict the initiation of the crack 
inside the porous anode and cathode. The results show that the highest thermal stress occurs at the upper 
corners of cathode and at the lower corners of the anode. In addition, the thickness of cathode electrode on the 
left side is increased by 1.5 %. Finally, the crack initiation occurs on the left side between the upper and lower 
corners of the cathode. 

1. INTRODUCTION1 

One of the greatest and promising new energy technologies 
for high energy efficiency is a fuel cell, which is also 
environmental responsive and shows fuel variety [1]. Fuel 
cells are electrochemical mechanisms that transform chemical 
energy into electrical and thermal energy. SOFCs, one of the 
different types of fuel cells, have received much attention due 
to their high performance and fuel flexibility [2,3]. In addition 
to that, they function in the high-temperature variety ranging 
between 700 °C–1000 °C. However, this technology still faces 
many challenges such as cost reduction and an extended 
lifetime operation. These challenges require prediction and 
prevention of internal thermal stresses. The number of SOFC 
experimental and numerical research papers has shown a 
prosperous increase throughout the last 20 years [4-10]. While 
experimental studies focus on the performance of the fuels 
and materials, numerical studies take into account the 
embedded physical, chemical, and electro-chemical incidents 
that take place inside the cell. (Pasaogullari and Wang) [11]. 
Several researchers used 3D for modeling the entire fuel cell 
[12,13]. The common objective of their research was to study 
different configurations and many operating conditions and 
their effect on the overall cell performance. On the other hand, 
other researchers tended to use models of two dimensions 
(2D) to simulate tubular SOFCs for their axial [14]. Another 
class of studies analyzes the phenomena that occur close to the 
porous electrodes and electrolyte. Recently, most researchers 
have focused on the thermal stress inside the SOFC and 
studied stress in 2D model and the thermal analysis in the 
anode-electrolyte boundary of SOFC. 
   Pianko et al. studied the modeling of thermal stresses in a 
micro tubular Solid Oxide Fuel Cell stack. They presented a 
detailed mechanical analysis of a new design of the micro 
                                                           
*Corresponding Author’s Email: imadfahs@email.kntu.ac.ir (I. Fahs) 

tubular Solid Oxide Fuel Cell stack supported fuel cells 
distributed over the circumference in four rows. In this paper, 
they analyzed the residual stresses induced in the anode-
electrolyte-cathode assembly of the sintered fuel cell layers 
and analyzed the effect of spatial temperature gradient on the 
stress distribution in the SOFC stack. Furthermore, the 
influence of temperature non-uniformity among fuel cells and 
the SOFC stack with supporting structure on stress 
distributions was studied. The numerical results used to 
determine the areas of high stress values were higher than the 
yield strength of materials. Further, they analyzed the 
degradation of anode-supported intermediate temperature-
solid oxide fuel cells under various failure modes. Their 
model solved the fluid flow, heat, and mass transfer 
separately. However, it did not cover thermal degradation and 
crack initiation [15]. Pianko et al. studied the modeling of 
thermal stresses in a planar Solid Oxide Fuel Cell and made a 
comparison of thermal stress distribution at different voltages 
(0.3, 0.7, and 1.1 v). However, Pianko study did not cover 
thermal degradation and pressure distribution in the whole 
cell. In addition, they did not take into consideration the 
mechanical equations and mechanical properties [16]. 
   The purpose of the current paper is to present a method that 
predicts the initiation of cracks in an anisotropic porous planar 
SOFC. The main goal is to understand the effect of thermal 
stress and high temperature on crack initiation and its location 
for future remedy. 
 
2. PROBLEM DEFINISION 

The diagram of the problem is represented in Fig.1. As shown 
in Fig. 1, the cell consists of 5 layers, anode, cathode, 
electrolyte, air channel, and fuel channel. Tables 1 and 2 show 
the material properties and the geometrical parameters of the 
current study, respectively. 

mailto:imadfahs@email.kntu.ac.ir
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Figure 1. solid oxide fuel cell [17]. 

 
 

Table 1. Material properties of the SOFC. 

 Anode Electrolyte Cathode 
Material Ni-YSZ YSZ LSM 

Density (kg/m3) 6870 6570 5900 
Young’s modulus (GPa) 57 215/185 35 

Poisson’s coefficient 0.28 0.32/0.313 0.36 
Tensile yield strength 

(MPa) 
115 332/256 155 

Compressive strength 
(MPa) 

100 1000 100 

Specific surface area (m-1) 1e9 - 1x109 

Coefficient of thermal 
expansion (K-1) 

12.2x10-7 10.3x10-7 11.7x10-7 

Permeability (m2) 1e-12 -- 1x10-12 

Effective electronic  
conductivity (S/m) 

13195 -- 801.01 

Effective ionic 
conductivity (S/m) 

0.51364 -- 0.51364 

Stress intensity factor 
(MPa*m0.5) 

1.6 1.79 1.24 

 
 

Table 2. Geometrical parameters of the SOFC. 

 
All properties of fluids fluctuate with temperature and are 
presumed here to perform as ideal gas, and they are estimated 
according to the ideal gas mixture law. In addition, steady 
flow is presumed to be incompressible, two-dimensional, and 
laminar. Fully impermeable electrolyte and eclectic electrodes 
in the following reactions take place in the electrodes. Other 
assumptions are as follows: 

• Thermal diffusion is neglected. 
• Ohmic heat due to electron transfer is neglected because 

electronic conductivity in electrodes is higher than ionic 
conductivity. 

• The Darcy equation is used to model mass transport in 
porous electrodes. 

• The convective diffusion term is neglected due to low 
permeability in porous electrolyte (electrolyte is 
impermeable). 

• Electrolyte is insulated to electron transfer. 

The following reactions take place in the electrodes: 

Anode reaction: 
H2 +O-2 H2O + 2e- (1) 

Cathode reaction: 
1
2
 O2 + 2e- O-2 (2) 

   The overall reaction is given by: 

H2 + 1
2
 O2 H2O (3) 

 
2.1. Mass and momentum conservation 

The continuity equation in porous electrode is given by [18]: 

( ). j
j

Rρ∇ =∑u  (4) 

   The momentum equation for stationary and incompressible 
flow in porous electrodes with no body force is expressed by 
Darcy law as follows [20]: 

( ) 2. . ( ) ( . )
3

Tp µ µρ

µρ
κ

 ∇ = ∇ − + ∇ + ∇ − ∇ ∈ 
 + −  
 

u u I u u u I

g u

 
 
 

(5) 

where u is the flow velocity, К is the permeability, 𝜇𝜇 is the 
dynamic viscosity, and P is the absolute pressure. The 
momentum transport in fuel and air channel is applied by the 
Navier-Stoeks equation. 

ρ(𝐮𝐮.∇)𝐮𝐮 =  ∇. [−p𝐈𝐈+  µ(∇𝐮𝐮 + (∇𝐮𝐮)T] (6) 
 
2.2. Species conservation 

For an individual species, the species equation is determined 
by [20]: 

∇. ji + ρ(u.∇)ωi = Ri (7) 

where ji stands for the diffusive flux of the ith species, and the 
mass fraction of the ith species is ωi, Ri is the rate of species’ 
production. The relative mass flux vector is written using the 
Maxwell-Stefan equations of multi-component systems as 
follows [17]: 

ji = −ρωi�Dik 
k

dk (8) 

where d𝑘𝑘 is the generalized driving force, and Dik is the 
diffusion coefficient in Fick’s law of species (multi-
component), which can be determined by [17]: 

1 2

2 1.5
2

1 1

1.883 10−

 
+ 

 = ×
Ω

i k
ik

ik D

M M
D T

pσ
 

(9) 

where the diffusion collision integral is ΩD, the characteristic 
length is σ, and M is the molecular weight. To study mass 
transfer resistance in the porous electrodes, the multi-
component Fick’s diffusivities are revised using the 
succeeding equation [17]: 

D𝑖𝑖𝑘𝑘
𝑒𝑒𝑒𝑒𝑒𝑒 = �

ε
τ�  D𝑖𝑖𝑘𝑘 (10) 

where τ is the porous media tortuosity. Dusty Gas Model 
(DGM) is applied to interpret for Knudsen tiny pores 

Channel width (mm) 60 
Channel height (mm) 0.35 

Anode thickness (mm) 0.25 
Anode width (mm) 60 

Cathode thickness (mm) 0.06 
Cathode width (mm) 60 

Electrolyte thinks (mm) 0.01 
Electrolyte width (mm) 60 
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diffusion. The effective DGM diffusion of coefficient 
(D𝐷𝐷𝐷𝐷𝐷𝐷,𝑖𝑖𝑘𝑘

𝑒𝑒𝑒𝑒𝑒𝑒  ) is defined as follows [17]: 

D𝐷𝐷𝐷𝐷𝐷𝐷,𝑖𝑖𝑘𝑘
𝑒𝑒𝑒𝑒𝑒𝑒 =

�𝜀𝜀
𝜏𝜏
� �D𝑖𝑖𝑘𝑘  . D𝐾𝐾𝐾𝐾,𝑖𝑖𝑘𝑘�

(D𝑖𝑖𝑘𝑘  +  D𝐾𝐾𝐾𝐾,𝑖𝑖𝑘𝑘)  
(11) 

   The Knudsen diffusivities coefficient is D𝐾𝐾𝐾𝐾,𝑖𝑖𝑘𝑘 and is 
calculated by the kinetic theory of gases as follows [17]: 

D𝐾𝐾𝐾𝐾,𝑖𝑖𝑘𝑘
𝑒𝑒𝑒𝑒𝑒𝑒 =  

4

3𝑟𝑟𝑒𝑒�
𝑅𝑅𝑢𝑢𝑇𝑇(𝐷𝐷𝑖𝑖+𝐷𝐷𝑘𝑘)

𝜋𝜋𝐷𝐷𝑖𝑖.𝐷𝐷𝑘𝑘

 (12) 

   Actual pore radius is 𝑟𝑟𝑒𝑒 , and Ru is the ideal gas constant. 
 
2.3. Energy conservation 

The energy equation for laminar, steady, incompressible and 
low speed is given by [22]: 

∇. (ρCp𝐮𝐮. T − K∇T) = Q (13) 

where ρ is density, Cp is heat capacity at constant pressure, 
and Q is the heat source due to ion electronic transport 
resistance in each of the three layers and is determined by: 

2
io

io

j
Q

σ
=  

(14) 

Jio and σio are the ionic current density and conductivity, 
respectively [19]. 
 
2.4. Charge conservation 

Using Ohm’s law, the governing electron conservation and 
ion transfer equations are, respectively, as follows [23]: 

∇. (−σe∇φe) = je (15) 
  
∇. (−σi∇φi) = ji (16) 

where je and ji are the electronic and ionic sources, 𝜎𝜎𝑒𝑒 is 
electronic conductivity, and 𝜎𝜎𝑖𝑖 is the ionic conductivity. 
   The electrical charge source (je) and ionic charge source (ji) 
for each anode and cathode catalyst layer are formulated by 
the Bulter-Volmer equation, respectively, as follows [24]: 

ji,a = −je,a = Aaj0.ref
H2  (

CH2
CH2.ref

)γH2[exp�
αaaF𝔶𝔶act,a

RuT �

− exp(−  
αcaF𝔶𝔶act,a

RuT )] 

(17) 

  

je,c = −ji,c = Acj0.ref
O2  (

CO2
CO2.ref

)γO2[exp�
αacF𝔶𝔶act,c

RuT �

− exp(−  
αccF𝔶𝔶act,c

RuT )] 

(18) 

where A is the electrochemically active surface area per unit 
volume, and  𝑗𝑗0.𝑟𝑟𝑒𝑒𝑒𝑒

𝐻𝐻2  and  𝑗𝑗0.𝑟𝑟𝑒𝑒𝑒𝑒
𝑂𝑂2  are reference exchange current 

densities. The reaction order for hydrogen oxidation at 
hydrogen reference concentration (𝐶𝐶𝐻𝐻2.𝑟𝑟𝑟𝑟𝑟𝑟) is 𝛾𝛾𝐻𝐻2, and 
reaction order for oxygen reduction at oxygen reference 
concentration (𝐶𝐶𝑂𝑂2.𝑟𝑟𝑟𝑟𝑟𝑟) is 𝛾𝛾𝑂𝑂2. The charge transfer coefficient 
is α and its value is between 0 and 1, F is Faraday’s constant 
equal to 96,487 C/mol, and 𝔶𝔶𝑎𝑎𝑎𝑎𝑎𝑎 is the activation 
overpotential. The subtitles “a” and “c” stand for anode and 
cathode sides. The anode activation overpotential (𝔶𝔶𝑎𝑎) and the 
cathode activation overpotential (𝔶𝔶𝑎𝑎) are determined, 
respectively, as follows: 

𝔶𝔶a = φe −  φi. (19) 
  
𝔶𝔶c = φe −  φi −  Voc (20) 

anywhere 𝜑𝜑𝑒𝑒 is the electronic potential, and 𝜑𝜑𝑖𝑖 is the ionic 
potential. 𝑉𝑉𝑜𝑜𝑎𝑎  is the open-circuit voltage calculated by the 
Nernst’s equation [5]: 

41.317 2.769 10 2 ln

1 2 1 2. .2 22

V T R T FuOC

p p p pH H O refO

−= − × +

 
 
 

 

(21)
 

where Pref is the total pressure, and F is Faraday’s constant. 
 
2.5. Thermal stress 

In this study, the detection of crack initiation is done by 
thermal stress. First, the thermal strain, 𝛼𝛼(𝑇𝑇 − 𝑇𝑇𝑟𝑟𝑒𝑒𝑒𝑒), is 
calculated and, then, thermal stress, 𝜎𝜎𝑖𝑖𝑖𝑖 , is determined by the 
strain, 𝜀𝜀𝑖𝑖𝑖𝑖, as defined by [25]: 

εxx =
1
E �σxx − νσyy� +  α(T − Tref) (22) 

  

εyy =
1
E �σyy − νσxx�+  α(T − Tref) (23) 

  

εxy =
1

2Gσxy 
(24) 

where 1
𝐸𝐸
�𝜎𝜎𝑥𝑥𝑥𝑥 − 𝜈𝜈𝜎𝜎𝑦𝑦𝑦𝑦� is the mechanical strain, 𝛼𝛼 is the 

coefficient of thermal expansion, T is the temperature, 𝑇𝑇𝑟𝑟𝑒𝑒𝑒𝑒  is 
the strain reference temperature, E is Young’s ratio, and 𝑛𝑛𝑛𝑛 is 
the Poisson’s ratio. The shear modulus, G, is defined as 
follows: 

G =
E

2(1 + nu) (25) 

   By rearranging Eqs. (22) and (23), the stress in x and y 
directions is determined, respectively, as follows: 

σxx = 2G �εxx + 
nu

1 − 2nu �−
1 + nu

nu  α(T − Tref)�� 
(26) 

  

σyy = 2G �εyy + 
nu

1 − 2nu �−
1 + nu

nu  α(T − Tref)�� 
(27) 

  

σxy = 2Gεxy (28) 
 
2.6. Strain-displacement equation 

Strain displacement equations, also called kinematic equations 
or Infinitesimal deformations, are as follows [26]: 

εxx  =
∂u
∂x 

(29) 

εyy  =
∂v
∂y 

(30) 

2εxy  = ∂u
∂x

+ ∂v
∂x

 (31) 

where u and v are the displacements, which represent the unit 
charge in length of a line element. 
 
2.7. Conservation of momentum for solid mechanics 

The equation of motion is given by [26]: 

σij,j + Xi =  ρüi (32) 
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Considering that the body force, 𝑋𝑋𝑖𝑖, and the acceleration of 
the particles inside the material, ü𝑖𝑖, are zero, the equation of 
motion, Eq. (26), reduces to: 

σij,j = 0 (33) 

   Or 

∂σxx
∂x + 

∂σxy
∂y = 0 

(34) 

  

∂σyx
∂x +  

∂σyy
∂y = 0 

(35) 

   And 

σxy = σyx (36) 
 
2.8. Navier equation 

Navier, also called displacement, equations of thermos-
elasticity in x and y directions are respectively expressed as 
follows [25]: 

(λ +  µ)
∂e
∂x +  µ ∇2u− (3λ + 2µ)α

∂T
∂x +  X = 0 

(37) 

  

(λ +  µ)
∂e
∂y +  µ ∇2v − (3λ + 2µ)α

∂T
∂y +  Y = 0 

(38) 

where e is given by: 

e =  
∂u
∂x + 

∂v
∂y 

(39) 

where X and Y are the x-axis and y-axis body forces, 
respectively, and they are equal to zero. 𝜆𝜆 and µ are the Lame 
elastic constants and are respectively defined as follows: 

λ =  
nu E

( 1 +  nu )( 1 − 2 nu ) (40) 

  

µ = G =  
E

2 (1 +  nu ) (41) 

   Substituting Eqs. (40) and (41) into Eqs. (37) and (38) 
respectively gives the displacement equations in terms of 
Young’s module as follows [25]: 

E
2 (1− v ) 

∂
∂x �

∂u
∂x +  

∂v
∂y� + 

E
2 (1 + v) ∇2u −  

αE
1 − v 

∂T
∂x = 0 

(42) 

  

E
2 (1 − v ) 

∂
∂y �

∂u
∂x + 

∂v
∂y� +  

E
2 (1 + v) ∇2v −  

αE
1 − v 

∂T
∂y = 0 

(43) 

where ∇2 is the Laplacian operator. 
 
2.9. Energy equation 

The energy equation for the porous electrodes is [26]: 

K ∇2T + 
Q
K + (3λ + 2µ)T0ε̇ =  

1
α  
∂T
∂t  

(44) 

where the coupling term between temperature and stress is 𝜀𝜀̇, 
𝛼𝛼 is the linear thermal expansion coefficient, and 𝑇𝑇0 is the 
reference temperature. 
 
2.10. Stress intensity factor 

The crack initiation is according to the built-up stress caused 
by temperature and the physical mismatch of the cell layer’s 
properties. When the stiffness value of the cell layer is higher 
than the stress intensity factor or is equal to the critical 
fracture toughness, the mismatch between cell layers appears, 

which will lead to crack initiation. The stress intensity factor, 
KI, is calculated by using the so-called J-integral. The J-
integral formula is represented as follows [26]: 

J =  � Wdy − Ti 
∂ui
∂xГ

∂s =  � (Wnx −  Ti
Г

∂ui
∂x )∂s 

(45) 

where W is the strain energy density 

W =  
1
2 �σx. εx +  σy. εy + σx.y. 2. εxy� 

(46) 

and T is the traction vector defined as follows: 

T = [σx. nx +  σxy + σxy. nx + σy. ny] (47) 

   𝜎𝜎𝑖𝑖𝑖𝑖 denotes the stress components, 𝜀𝜀𝑖𝑖𝑖𝑖 is the strain 
components, and ni is the normal vector components. The 
relation between stress intensity factor and J-integral is 
represented as: 

J =
KI
2

E  
(48) 

where Young’s modulus is represented by E. 
 
3. BOUNDARY CONDITION 

To model crack initiation, the following expectations are 
utilized: 

• Thermal diffusion is neglected. 
• Stokes–Brinkman’s assumption is neglected. 
• Ohmic heat due to electron transfer is neglected because 

electronic conductivity in anode electrode is higher than 
ionic conductivity. 

• All gasses behave as ideal gases. 
• Darcy’s equation models the mass transport in anode and 

cathode porous electrodes. 
• Coupling effect between the thermal and mechanical 

equations is neglected. 

   Based on the model provided in Figure 1, the following 
boundary conditions are applied. 
 
3.1. Inlet assumption 

V=0   At the anode electrode boundary. 
U=𝑈𝑈𝑖𝑖𝑖𝑖 
T=𝑇𝑇0 
𝑤𝑤𝑖𝑖  = specified   (mass fraction of the species). 
   No-slip boundary condition is valid in all electrolyte 
boundaries due to U=0. 
 
3.2. Outlet assumption 

a) The conduction term compared to the convection term 
can be neglected. 

b) Convection term is assumed to be the dominant term 
concerning the mass transport model. 

 
4. NUMERICAL PROCEDURE 

A computational fluid dynamic (CFD) code based on a finite 
element method was developed and utilized. The code used a 
mapped rectangular mesh, which consists of 725000 elements, 
1285257 degrees of freedom. The distribution of mesh 
numbers increases at the electrolyte–anode and electrolyte–
cathode zones, where the high tempture and high pressure are 
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likely to occur. The mesh numbers decreased as it moving 
away from the electrolyte to the gas channel. The fuel is 
hydrogen, and the SOFC operates at 0.8V continuous voltage. 
The code obtains the temperature and stress distribution in the 
following manner: 

1) The code initially solves the secondary current 
distribution equation, Eq. (15-21). 

2) Then, the code solves the non-linear momentum 
equations, Eqs. (5) and (6), for anode and cathode, 
respectively. 

3) Furthermore, the code solves the species and the Stefan–
Maxwell equations, Eqs. (7) to (12), for anode and 
cathode. 

4) Finally, the code solves the energy equation for porous 
cathode and anode and for solid electrolyte, Eqs. (13) 
and (14). 

   The obtained temperature distribution is used to solve the 
strain equations, Eqs. (22)-(28), to determine the thermal 
stress distribution. Then, the code solves the strain 
displacement equations, Eqs. (29)-(43), and locates the 
initiation of the crack using the stress intensity factor and J 
Integral equations, Eqs. (44)-(48). 
 
5. RESULTS AND DISCUSSION 

In order to confirm the results, the current model is modified 
and compared to Roger’s experimental data [27]. Figure 2 
reveals the comparison between the experimental and current 
studies. Input parameters of the current study were extracted 
from the studies of Hussain [28], Ghassemi [9], and Shao [29, 
30] (The rest of the validation input parameters are shown in 
Table 3). This comparison shown in Fig. 2 reveals coherent 
results between the current study and that of  Rogers with a 
mean square error of about 1 %. 

 

 
Figure 2. The current model’s accuracy compared to experimental 

data provided by Rogers. 
 
   Figures 3 and 4 depict the pressure distribution in anode and 
cathode electrodes, respectively. The maximum pressure at 
the anode porous electrode is at the fuel inlet. The pressure at 
the contact between anode electrode and anode gas channel is 
about 12 Pa and decreases as it gets closer to electrolyte. 
However, the maximum pressure at the cathode reaches about 
17 Pa at the inlet and decreases to 5 Pa in the middle of 
cathode electrode and, then, to zero as we move to the outlet. 
This phenomenon results from the chemical reaction that in 
this zone begins to react more than in other zones. 

Table 3. Validation input parameter. 

Description Symbol Value Unit 

Operating temperature T 800 oC 

Pressure P0 101335 Pa 

Conductivity of electrolyte 𝜎𝜎 0.64 S/m 

Conductivity of anode 𝜎𝜎 71428.57 S/m 

Conductivity of cathode 𝜎𝜎 5376.34 S/m 

Inlet velocity of fuel 
channel 

Vin (fuel) 0.4 m/s 

Inlet velocity of air channel Vin (air) 0.8 m/s 

Porosity of porous 
electrodes 

𝜀𝜀 0.375 - 

Tortuosity of porous 
electrodes 

𝜏𝜏 4.5 - 

Thermal conductivity of 
anode 

𝑘𝑘𝑎𝑎 6.23 W/m.K 

Thermal conductivity of 
cathode 

𝑘𝑘𝑎𝑎  10 W/m.K 

Thermal conductivity of 
electrolyte 

𝑘𝑘𝑒𝑒  2.7 W/m.K 

Specific heat of anode 𝐶𝐶𝑝𝑝,𝑎𝑎 595 J/Kg.K 

Specific heat of cathode 𝐶𝐶𝑝𝑝,𝑎𝑎 573 J/Kg.K 

Specific heat of electrolyte 𝐶𝐶𝑝𝑝,𝑒𝑒 606 J/Kg.K 

 
 

Anode electrode 

Left side (out let, x= 0.3) 

 

Middle (x=30) 

 

Right side (out let, x= 59) 

 

Figure 3. Pressure distribution at anode electrode. 
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Cathode electrode 

Left side (out let, x= 0.3) 

 
Middle (x=30) 

 
Right side (out let, x= 59) 

 
Figure 4. Pressure distribution at cathode electrode. 

 
Figures 5 to 7 depict the temperature distribution in the anode, 
cathode, and the entire fuel cell, respectively. As shown in the 
figures, the temperature varies from 500 oC to 1100 oC. The 
maximum temperature is in the middle of the channel near the 
anode electrode and decreases as moving away from it. 
   Figures 5,6 depict the temperature allocation at anode and 
cathode electrodes, respectively. Again, the maximum 
temperature is in the middle of the electrodes and decreases as 
moving away from it. 

 
Anode electrode 

Left side (out let, x= 0.3)  

Middle (x=34)  

Right side (outlet, x= 
59) 

 
Figure 5. Temperature (oC) at anode electrode. 

Cathode electrode 

Left side (out 
let, x= 0.3) 

 
Middle (x=34) 

 
Right side (out 
let, x=59) 

 
Figure 6. Temperature (oC) at cathode electrode. 

 
Figure 7 depicts the temperature distribution at the entire 
SOFC. As shown, the following results are observed: 

- The temperature distribution is affected by reforming 
and electrochemical reactions. 

- In the anode gas channel, the temperature varies from 
500 oC to 1100 oC. The maximum temperature is in the 
middle of the fuel channel near the anode electrode and 
decreases as moving away from it. 

- In anode electrode, the maximum temperature is in the 
middle and decreases as moving away from it. 

- There is a heat balance between endothermic and 
exothermic electrochemical reactions, and a higher 
temperature appears in the active layer near electrolyte. 

- It can be seen that temperature increases rapidly between 
the air inlet located at the upper right corner and the air 
outlet located at the lower left corner due to the 
exothermic electrochemical reactions. 

- It is shown that the evolution of heat generated by the 
electrochemical reactions tends to diffuse by the 
conduction and convection towards the gas flow 
channels. 

- When the temperature increases, it enhances the rate of 
electrochemical reaction at the reaction sites and 
increases the electronic and ionic conductivities of the 
electron and ion-conducting particles, respectively. This 
in turn minimizes the Ohmic contribution to the total cell 
potential loss and, thereby, enhances the cell 
performance. Accordingly, under typical SOFC 
operating conditions, the temperature increase leads to a 
decrease in the activation overpotential, since the 
exchange current density is an increasing function of 
temperature. 

- In the porous electrodes, the formed gradients of H2 and 
O2 molar concentrations are larger than those in the fuel 
and air channel, because the diffusion is more difficult in 
the porous electrodes than that in the fuel and air 
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channels. Additionally, at the fuel and air channels, the 
convective effects are much larger than the porous 
electrodes, where diffusion prevails. Finally, at higher 
temperatures, the diffusivity of the species is increased, 
resulting in lower values of concentration overpotentials, 
as the species can diffuse easier through the porous 
diffusion layer. Higher operating temperatures result in 
not only lower reversible voltages, as expected by Eq. 
(15), but also higher limiting current density values. 

 
Entire SOFC 

Left side (out 
let, x= 0.3) 

 
Left side (out 
let, x= 34) 

 
Right side (out 
let, x= 59) 

 

Figure 7. Temperature (oC) at the entire SOFC. 
 
   Figure 8 depicts the anode thermal stress distribution. As 
shown, the highest thermal stress occurs at the right and left 
corners of the bottom wall, where it is in contact with fuel 
channel. Since the highest temperature distribution takes place 
at this location and temperature is expected to exceed the 
threshold value dictated by the SOFC anode materials, the 
mechanical failure of the anode takes place. 

Anode electrode 

Left lower part 

 
Right lower part 

 
Figure 8. Anode thermal stress (Pa). 

 
Figure 9 shows the cathode electrode thermal stress 
distribution. As is shown, the highest thermal stress is at the 
right and left corners of the upper wall, where it is in contact 
with air channel. Again, since the highest temperature 
distribution takes place at this location and temperature is 
expected to invade the threshold values transcribed by the 
SOFC cathode materials, the mechanical failure of the cell 
takes place. 
 

Cathode electrode 

Left upper part 

 
Right upper part 

 
Figure 9. Cathode thermal stress (Pa). 

 
   Figures 10 and 11 depict the displacement distribution in the 
anode and cathode electrodes. From these 2 figures, it is 
shown clearly that there is a high displacement in the cathode 
electrodes. The maximum displacement is found to be 
between the lower and upper corners of the cathode. Based on 
the previous result regarding the location of the maximum 
thermal stress and the maximum pressure, it is logical to have 
the weakest points at the cathode inlet and outlet walls. 
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Therefore, the location of the displacement in the middle of 
the lower and upper corners of the cathode is logical, too. In 

other words, it is expected for the crack to initiate at this 
location. 

 

 
Figure 10. Anode displacement. 

 
 

 
Figure11. Cathode displacement. 

 
6. CONCLUSIONS 

The current study presents the result of the prediction of crack 
in SOFC. The fuel is hydrogen, operating temperature is 
between 800 oC to 1000 oC, and the SOFC operates at 0.8V 
continuous voltage. The following results are obtained: 

• The temperature distribution was concentrated in the 
middle of the contact area between cathode and 
electrolyte up to the center of the cathode electrode. 

• The pressure at the contact between anode electrode and 
anode gas channel is about 12 atm and decreases as it gets 
closer to electrolyte. However, the maximum pressure at 
the cathode reaches about 17 atm at the inlet and 

decreases to 5 atm in the middle of the cathode electrode 
and, then, to zero as we move to outlet. 

• The stress distribution was detected at the upper corners 
of the cathode with much more stress at the left corner 
than the right corner. 

• The displacement distribution in cathode is maximum at 
both inlet and outlet from the lower corner to the upper 
corner. 

• The stress intensity factor in cathode is lower than that in 
anode. 

• This expectation is based on the temperature, pressure, 
and thermal stress. 

   The life ime of the cell with crack decreases by 40 to 50 %. 
Therefore, the expected lifetime is about 2500 hr to 3000 hr. 
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