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 The purpose of the present work is to carry out an overheating study of planar solid oxide fuel 

cells at supported anode that operate at an intermediate temperature (AS-IT-SOFC) according 

to a three-dimensional and stationary numerical model. In this work, the heat is supposed 

produced according to four processes of heat generation (the Ohmic source that is due to the 

Joule effect, the source due to the species concentrations, the activation source that is caused 

by activation of different chemical reactions produced in the two electrodes, the 

electrochemical source due to the water formation in the anode). The results are obtained from 

a FORTRAN language program realized locally, which is based on the finite difference method 

in a three-dimensional environment. From the obtained results analysis, it became apparent 

that the developed model for the AS-IT-SOFC overheating study allowed us to understand the 

impact of each heat source on the temperature elevations and distributions in AS-IT-SOFC. 

The greatest heat production is that generated by the Ohmic source, it is about 80.6% for gas 

inlet temperatures of 883 K. The smallest heat production is that obtained by the source of 

concentration that is negligible compared to other sources. The heat produced by the 

electrochemical source is greater than that generated by the activation source, their heat 

productions are almost 17 and 2.3% for gas inlet temperatures of 883 K respectively. 
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1. INTRODUCTION 

 

SOFCs present a promoter technology of energy production 

because of their high electrical efficiency (~ 65-70%) and 

exergetic efficiency (~ 90-95%). The drawbacks of the high-

temperature operation (600-1000°C) of these cells appear as 

very high thermal stresses and very large start-up time. When 

the SOFC operating temperature is truly high, large 

temperature differences to develop inside the cells resulting in 

severe operating conditions in the form of truly important 

thermal stresses. In addition, high operating temperatures 

inevitably require a long time of startup. [1]. 

IT-SOFCs are SOFCs that operate at an intermediate 

temperature (200-600°C) [2]. Their operation at an 

intermediate temperature lower the resulting thermal stresses 

and the startup time. Sohn et al [3] have developed a two-

dimensional model to simulate the operation of planar solid 

oxide fuel cells with a supported anode that operates at an 

intermediate temperature (AS-IT-SOFC) and fed with 

partially reformed methane. The model presented by Sohn et 

al. [3] takes into account the reforming of methane inside the 

anode (DIR). Yang et al. [4] have developed a 3D model of an 

AS-IT-SOFC by ANSYS / Fluent commercial code to evaluate 

the methane vapor reforming reactions in the anode and the 

water formation and carbon dioxide in the active layer of the 

anode. 

Lee et al. [5] have presented a multi-scale simulation 

technique for a new 5-cell planar design of micro-oxide 

(mSOFC) to determine the optimum composition of an 

electrolyte capable of operating in the intermediate 

temperature interval without sacrificing performance. Various 

samarium doped cerium oxide (SDC) electrolyte compositions 

in operating temperatures of 673 to 1023 K are being 

investigated to identify maximum ionic conductivity. They 

have mentioned that the YSZ electrolyte has given better 

results. Andersson et al. [6] have used a coupled fluid 

dynamics approach that is based on the finite element method 

in three dimensions to study an IT-SOFC. They have presented 

a parametric comparison between three cell designs. 

In the continuation of our works [7-19], where the 

thermodynamic (0 D) has been employed to obtain the 

influence and behavior of all over-potentials (Ohmic, 

concentration and activation) on the produced power density 

by SOFCs [7]. Thermodynamic optimization studies of the 

solid oxide fuel cell (SOFC) to maximizing the produced 

power density have been presented using two different 

thermodynamic models (0 D) [8-9]. 

The thermoelectric performance of the intermediate 

temperature SOFC has been presented by a one-dimensional 

model (1 D) using the finite volume method. The heat is 

generated by the Ohmic loss and the electrochemical loss due 

to the internal electrochemical reactions [10]. The power 

density and the hydrogen consumption of a planar SOFC have 

been studied according to the input parameters; such as the 
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operating temperature, the operating pressure, the flow rates 

and the mass fractions by a one-dimensional electro-dynamic 

model (1 D), that cantabiles the heat production from the 

Ohmic and activation losses, using the finite difference 

method [15]. 

The water and hydrogen distributions depending on the 

anode thickness in SOFC heart have been obtained by a two-

dimensional model (2 D) based on the finite difference method 

in the perpendicular plane to the reactive gas flow directions, 

when the heat is generated by the Ohmic, activation and 

electrochemical losses [11]. The finite difference method in 2 

D has been employed to investigate and obtain the temperature 

fields in the perpendicular plane to the gas flow of a planar 

SOFC heart at a supported anode under only the chemical 

reactions effect [12]. 

A 2 D numerical study of the determination and location of 

the maximum temperature values in all cell parts (electrolyte, 

interconnectors, anode and cathode) of a planar SOFC at a 

supported electrolyte or a supported anode, in a perpendicular 

plane to the gas flow under the polarization effects: 

concentration, Ohmic and activation has been conducted [13]. 

A 2 D analysis of the heat production and distribution in all 

porous and solid parts of a planar SOFC at a supported anode 

under the effect of various over-potentials (activation, Ohmic, 

chemical and concentration), in the perpendicular plane to the 

gas flow direction in order to describe the thermal behavior 

during the operation has been shown [14]. A comparative 

study of the heat distribution depending on the gas supply 

temperature between two planar SOFC configuration types 

(supported anode and supported electrolyte) for the cases with 

and without the total heat source (activation, Ohmic, chemical 

and concentration), in all cell parts (interconnectors, 

electrolyte and electrodes) has been presented [16]. The molar 

fractions effect of the fuel constitutive chemical species (CH4, 

H2O, CO, CO2 and H2) on the heat distribution has been 

studied in the planar SOFC at the supported anode in a two-

dimensional environment (2 D) and perpendicular to the gas 

flow direction. The heat generation/absorption due to the 

direct internal reforming in all cell parts have been discussed 

[17]. A study of the produced heat behavior by the direct 

internal reforming depending on the temperature and pressure 

of the supply fuel in all parts of a planar SOFC at a supported 

anode in the perpendicular plane to the gas flow using the 

finite difference method in 2 D has been shown [18]. 

A comparative study of the heat generation in the three 

geometric configuration types of the planar SOFC (supported 

electrolyte, supported anode and supported cathode) in a three-

dimensional environment (3 D) has been realized considering 

that the heat production is only caused by the Joule’s effect 

[19]. 

In this study, we focus on the obtain and analyze of the 

temperature profiles and distributions in a planar AS-IT-SOFC 

in a three-dimensional geometry (3 D) according to several 

types of heat source (Ohmic, activation, concentration, 

electrochemical, both activation and Ohmic sources and the 

total source) to determine the impact of each heat source type 

on the distribution and elevation of the temperature values in 

all parts of the AS-IT-SOFC (electrolyte, anode, cathode, 

anodic and cathodic interconnectors and channels). The finite 

difference method is used for the resolution of partial 

derivative equations in a three-dimensional environment and 

steady-state numerical condition. A program in FORTRAN 

language is produced to obtain these profiles. In addition, the 

resulting temperature fields from different heat source cases 

(Ohmic, activation, concentration, electrochemical, both 

activation and Ohmic sources and the total source) are 

compared to the without source case to determine the 

contribution of each source in the increase and evolution of the 

temperatures in the AS-IT-SOFC according to several gas inlet 

temperatures. 

 

 

2. MATHEMATICAL MODEL 

 

The computational domain is limited to a single SOFC cell 

which consists of the cathode, the anode, the electrolyte, the 

two anodic and cathodic interconnectors and the two anodic 

and cathodic channels. Figure 1. In this work, the 

representation of the thermal phenomenon in the planar IT-

SOFC is governed by the energy equation resulted from 

energy conservation. Eq. 1. The used model is three-

dimensional and stationary; the media is considered 

continuous, the cell components are counted as homogeneous 

and isotropic, the gases temperature at the inlet of both 

channels is constant, the heat transfer by radiation is neglected, 

and the produced current density by the cell is considered 

constant in all solid parts of the cell. Both gases velocities are 

assumed low, which leads to the negligence of the convective 

term. 

 
 

Figure 1. Computational domain 
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where, x, y and z represent the spatial coordinates of each point 

of the calculation domain, T is the temperature, λ is the thermal 

conductivity of each component, and S represents the heat 

source. The thermal conductivities of the cell component 

elements are given in the Table 1: 

Table 1. Thermal conductivities values 

Component 

Thermal 

conductivity 

𝛌 (W.m-1.K-1) 

Material References 

Anode 5.84 Ni-YSZ [19-22] 

Cathode 4 La1-xSrxMnO3 [13,19-20] 

Electrolyte 2.16 YSZ [19-22] 

Interconnector 6 LaCrO3 [19, 23, 24] 

Heat is produced according to the four heat source types: 

Ohmic, concentration, electrochemical and activation. The 

heat source caused by the Joule's effect is present in all solid 

and porous parts. The heat source generated by the activation 

loss is located in both electrolyte/electrode interfaces. The heat 

source caused by the concentration of the different species is 

present in the two electrodes (anode and cathode) and the heat 

source due to the water formation (electrochemical) is 

localized in the anode/electrolyte interface. 

The heat source due to Ohmic losses (Sohm) in each element 

(anode, cathode, electrolyte and interconnectors) is defined by 

the ratio of the current density squared and the electrical 

conductivity of each cell component. Eq. 2. 

𝑆𝑂ℎ𝑚 =
𝑖2

𝜎
      (2) 

i and σ represent the current density and the electrical 

conductivity respectively. The electrical conductivities of the 

IT-SOFC constructive elements are given by the following 

Table 2: 

Table 2. Electrical conductivities expressions 

Component σ [Ω-1.cm-1] References 

Electrolyte ( )43.34 10 exp 10300éle T =  − [9, 13, 19] 

Cathode ( )
74.2 10

exp 1200cat T
T




= − [9, 13, 19] 

Anode ( )
79.5 10

exp 1150an T
T




= − [9, 13, 19] 

Interconnector ( )
5

int

9.3 10
exp 1100c T

T



= − [9, 13, 19] 

The heat source due to the activation loss (SAct) that is 

present in the two electrolyte/electrode interfaces is defined by 

the product of the current density and the activation loss. Eq. 

3. 

𝑆𝐴𝑐𝑡 = 𝜂𝐴𝑐𝑡 . 𝑖  (3) 

where, the activation loss (ηact) is given by the following 

equation: 

𝜂𝐴𝑐𝑡,𝑗 =  
𝑅.𝑇

𝛼.𝑛.𝐹
. sinh−1 (

𝑖

𝑖0,𝑗
) , 𝑗 = 𝑎𝑛𝑜𝑑𝑒, 𝑐𝑎𝑡ℎ𝑜𝑑𝑒 (4) 

where, R is the perfect gas constant, n is the transfer electrons 

number, F is the Faraday number, α is the electronic transfer 

coefficient or the charge transfer coefficient and i0 is the 

exchange current density for each electrode (anodic and 

cathodic). The exchange current density is given by the 

following equation. 

𝑖0,𝑗 = 𝑘𝑗. exp (−
𝐸𝑗

𝑅.𝑇
) , 𝑗 = 𝑎𝑛𝑜𝑑𝑒, 𝑐𝑎𝑡ℎ𝑜𝑑𝑒 (5) 

kj and Ej represent the pre-exponential factor and the 

activation energy of each electrode which are respectively 

defined by a first-order polynomial temperature function and 

a constant in Table 3.  

Table 3. Values and expressions of the pre-exponential factor 

and activation energy [9, 25, 26] 

Anode Cathode 

kan [A.m-2] Ean [J.mol-1] kcat [Am-2] Ecat [J.mol-1] 

6.54𝑥 1011.
𝑅. 𝑇

2. 𝐹
1.4x105 2.35𝑥 1011.

𝑅. 𝑇

2. 𝐹
1.37 x 105 

The heat source due to the concentration loss (SCon) in the 

two electrodes is defined by the product of the current density 

and the activation loss. Eq. 6. 

𝑆𝐶𝑜𝑛 = 𝜂𝐶𝑜𝑛 . 𝑖     (6) 

The concentration loss (ηcon) is given by the following 

equation: 

𝜂𝑐𝑜𝑛,𝑗 =  −
𝑅.𝑇

𝑛.𝐹
. 𝑙𝑛 (1 −

𝑖

𝑖𝑙,𝑗
) , 𝑗 = 𝑎𝑛𝑜𝑑𝑒, 𝑐𝑎𝑡ℎ𝑜𝑑𝑒 (7) 

il,j is the limit current of each electrode. The values of the 

anodic and cathodic limit currents are given in Table 4. 

Table 4. The limit current values in each electrode 

Anode  [A.m-2] Cathode [A.m-2] References 

2.99 x 104 2.16 x 104 [9, 27, 28] 

The electrochemical heat source due to the water formation 

in the anode/electrolyte interface (Selec) is given by Eq. 8. 

𝑆𝑒𝑙𝑒𝑐 =
𝑄𝑒𝑙𝑒𝑐

2.𝐹

𝑖

𝛿
     (8) 

where, δ is the reaction zone thickness (5μm) and Qelec is the 

generated heat by the electrochemical reaction of water 

formation. The generated heat is given by the product of the 

entropy variation and temperature [29]. Eq. (9): 

𝑄𝑒𝑙𝑒𝑐 = −𝑇. ∆𝑆  (9) 

The entropy variation ΔS is calculated by the following 

equation: 

∆𝑆𝐻2𝑂 = 𝑆𝐻2𝑂 −  𝑆𝐻2
−

1

2
𝑆𝑂2

(10) 

The entropies of the three species (hydrogen, oxygen and 

water steam) are calculated by Eq. 11. For a reference 

temperature of 298.15 K, the hydrogen, oxygen and water 

steam entropies are given in Table 5.  
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The specific heats (Cp) of each species are determined from 

Eq. (12). 

 

𝑆𝑗 = 𝑆𝑗,298.15 + ∫
𝐶𝑝

𝑇
𝑑𝑇

𝑇

298.15
  (11) 

 

𝐶𝑝 = 𝑎1𝑇𝑏1 + 𝑎2𝑇𝑏2 + 𝑎3𝑇𝑏3 + 𝑎4𝑇𝑏4    (12) 

 

Table 5. Entropy of each species [30, 31] 

 
Species Entropy (J.mol-1.K-1) 

H2O (steam) 188.83 

H2 130.59 

O2 205.14 

 

The empirical constants ak and bk used in Eq. (12) are given 

for each species by Table 6. 

 

Table 6. Empirical constants ak and bk of each species [30, 

31] 

 
Species H2O (steam) H2 O2 

a1 143.05 56.505 37.432 

b1 0 0 0 

a2 -58.040 -22222.6 2.0102*10-5 

b2 0.25 -0.75 1.5 

a3 8.2751 116500 -178570 

b3 0.5 -1 -1.5 

a4 -0.036989 -560700 2368800 

b4 1 -1.5 -2 

 

 

3. RESULTS AND DISCUSSION 

 

According to the AS-IT-SOFC model presented in the 

previous section, a FORTRAN program has been developed 

locally to investigate and study the planar AS-IT-SOFC 

overheating. In this part, we expose the influence of each heat 

source type (without source, Ohmic source, activation source, 

concentration source, electrochemical source, the sum of two 

sources Ohmic and activation and the total source) on the 

maximum temperature values and their distribution. 

The cell heart component dimensions are given by 500 μm 

for the anode [22, 32], 40 μm for the electrolyte [32, 33], and 

50 μm for the cathode [32, 34]. The thermal and electrical 

conductivities of the anode, electrolyte and cathode are 

identical to those of the standard materials (Ni-YSZ), (YSZ), 

(LSM) respectively, as we as also use a density value of an 

imposed current of 20 000 A.m-2 [22, 32, 35]. 

 

 
 

Figure 2. Cell temperature fields for the case without source 

3.1 Without heat source 

 

Figure 2 shows the temperature fields of a planar IT-SOFC 

at a gas inlet temperature of 773 K for the non-heat generation 

case. The maximum temperature is located at the cell entrance; 

it is that of the two gases (fuel and oxidant). The decreasing of 

temperature values is clearly noteworthy from the input to the 

output of the cell. The minimum temperature is positioned at 

the right and left sides of the electrolyte upper part and the 

cathode lower part; it is in order of 701,605 K. The maximum 

difference between the temperature values is approximately 

71.395 K. In addition, the temperature values on the anode side 

are greater than the temperature values of the cathode side.  

 

3.2 Heat source due to concentration loss  

 

Figure 3 shows the temperature fields of a planar AS-IT-

SOFC using a gas inlet temperature of 773 K for a heat 

generation case by the concentration source in both electrodes. 

The maximum temperature is located at the cell inlet; it is that 

of both gases (hydrogen and air). The decreasing of 

temperature values is clearly remarkable from the input to the 

output of the cell. The minimum temperature is positioned at 

the right and left sides of the electrolyte upper part and the 

cathode lower part; it is in order of 701,822 K. The maximum 

difference between the temperature values is approximately to 

71.178 K. In addition, the temperature values in the anodic part 

are greater than the temperature values of the cathodic part. A 

slight increase in the temperature values is produced compared 

to the without-source case of (0.217 K), which leads to the 

negligence of the concentration term as a heat source. 

 

 
 

Figure 3. Cell temperature fields according to the 

concentration source 

 

3.3 Heat source due to activation loss 

 

Figure 4 shows the temperature fields of a planar AS-IT-

SOFC according to a gas inlet temperature of 773 K for a heat 

generation case by the activation source. The maximum 

temperature is located at the cell inlet; it is that of the two gases 

(fuel and oxidant). The decreasing in temperature values is 

clearly noteworthy from the input to the output of the AS-IT-

SOFC. The minimum temperature is positioned at the right 

and left sides of the electrolyte upper part and the cathode 

lower part; it is around 709,197 K. The maximum difference 

between the temperature values in the cell is approximately 

63,803 K. In addition, the temperature values in the anodic part 

are greater than the temperature values in the cathodic part. 
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Figure 4. Cell temperature fields according to the activation 

source 

 

3.4 Heat source due to electrochemical loss 

 

Figure 5 shows the temperature fields of a planar AS-IT-

SOFC using a gas inlet temperature of 773 K for a heat 

generation case by the source due to the water formation in the 

anode (electrochemical source). The maximum temperature is 

located at the cell inlet; it is that of the fuel and oxidant. 

The decreasing in temperature values is clearly shown from 

the input to the output of the cell. The minimum temperature 

is positioned at the right and left sides of the electrolyte upper 

part and the cathode lower part. It is in order of 730,290 K. 

The maximum difference between the temperature values is 

approximately 42,710 K. In addition, the temperature values 

in the anodic part are greater than the temperature values of 

the cathodic part. Figure 5. 

 

 
 

Figure 5. Cell temperature fields according to the 

electrochemical source 

 

3.5 Heat source due to Ohmic loss 

 

Figure 6 shows the temperature fields of a planar AS-IT-

SOFC using a gas inlet temperature of 773 K for a heat 

generation case by the Ohmic source. 

In the temperature fields that are shown in Figure 6, we 

notice that a large heat amount is produced in the along the cell 

length. The maximum temperature value is higher than that of 

the reactants at the cell inlet (841.076 K). The maximum 

temperature is positioned at the right and left sides of the 

electrolyte upper part and the cathode lower part. The 

minimum temperature is located at the inlet of the anodic and 

cathodic channels; it is that of the two reactive gases (773 K). 

The maximum difference between the temperature values is 

approximately 68.076 K. In addition, it is noted that the 

temperature values in the anodic part are greater than the 

temperature values at the cathodic part.  

 

 
 

Figure 6. Cell temperature fields according to the ohmic 

source 

 

3.6 Heat source due to sum of Ohmic and activation losses 

 

Figure 7 shows the temperature fields of a planar AS-IT-

SOFC using a gas inlet temperature of 773 K for a heat 

generation case by the sum of the Ohmic and activation 

sources.  

 

 
 

Figure 7. Cell temperature fields according to the ohmic and 

activation source 

 

In the temperature fields shown in Figure 7, we notice that 

a significant heat generation is produced by both sources in the 

along the cell length. The maximum temperature value is 

about to 842.783 K. The maximum temperature is positioned 

at the right and left sides of the electrolyte upper part and the 

cathode lower part. The minimum temperature is located at the 

inlet of the anode and cathode channels, it is that of the two 

reactive gases (773 K). The maximum difference between the 

temperature values is approximately 69.783 K. In addition, it 

is noted that the temperature values in the anodic part are 

greater than the temperature values of the cathodic part. 
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3.7 Total heat source 

 

Figure 8 shows the temperature fields of a planar AS-IT-

SOFC using a gas inlet temperature of 773 K for the heat 

production case by the sum of the three sources: Ohmic, 

activation and electrochemical. 

In the temperature fields shown in Figure 8, we notice that 

a large amount of heat production along the cell length is 

caused by the three sources. The maximum temperature value 

is about to 852,874 K. The maximum temperature is 

positioned at the right and left sides of the electrolyte upper 

part and the cathode lower part. The minimum temperature is 

located at the inlet of the anode and cathode channels, it is that 

of the two reactive gases (773 K). The maximum difference 

between the temperature values is approximately 79,874 K. In 

addition, it is noted that the temperature values in the anodic 

part are greater than the temperature values of the cathodic part.  

 

 
 

Figure 8. Cell temperature fields according to the total 

source 

 

3.8 Comparison between the different heat sources 

 

Figure 9 shows the temperature evolution at the medium of 

electrolyte along the OZ axis according to the different heat 

sources: without source, activation source, electrochemical 

source, Ohmic source, two sources (activation and Ohmic) and 

total source. From Figure 9a it is noted that the three obtained 

curves (without source, activation source and electrochemical 

source) having almost the same form. The temperature values 

lowering is clearly visible; at the cell inlet the temperature 

value remains constant within a distance of one millimeter, 

then a values parabolic collapse develops the rest of the cell 

length. The heat production by the electrochemical source is 

greater than that produced by the activation source, which is 

clearly remarkable in Figure 9a. 

Figure 9b shows that the three curves obtained for the three 

tests (one source (Ohmic), two sources (Ohmic and activation) 

and three sources (Ohmic, activation and electrochemical)) 

having almost the same form. The temperature values 

elevation is very clear from the input to the output of the cell; 

at the cell inlet the temperature value remains constant in a 

distance of one millimeter, then an increase is carried 

hyperbolically over the cell length rest. The difference 

between the temperature values of each position of the three 

cases remains constant in the first millimeter, and then it 

increases the cell length rest. 

The heat production by the Ohmic source is better than that 

produced by the activation and electrochemical sources, which 

is clearly remarkable in Figure 9a and Figure 9b. 

 

 
 

Figure 9. Temperature evolution at the electrolyte medium (x 

= 0.5 x Max) along the OZ axis according to the different 

heat sources. a) Without source, activation and 

electrochemical sources, b) ohmic, two sources (activation 

and ohmic) and total source 

 

Figure 10 shows the evolution of the maximum temperature 

at the AS-IT-SOFC outlet according to the gas inlet 

temperature for the cases: without source, Ohmic source, 

activation source, the sum of the Ohmic and activation source, 

electrochemical source and total source. From Figure 10, it is 

noticed for the cases without source, activation source and 

electrochemical source that the curves presented have almost 

the same form. The maximum temperature at the cell output 

grows quasi-linearly according to the gases inlet temperatures. 

The maximum temperature at the cell output of the 

electrochemical source case is greater than that generated by 

the activation source, regardless of the gases inlet temperature 

value. 

The evolution of the maximum temperature at the cell outlet 

according to the gas inlet temperature for the Ohmic source 

cases, the sum of the Ohmic and activation sources and the 

total source are the same form. The maximum temperature at 

the cell outlet is parabolically developing according to the gas 

inlet temperatures. The maximum temperature at the cell 

output produced by the Ohmic source is greater than that 

generated by the electrochemical and activation sources 

regardless the gas inlet temperature value. Figure 10.  

Note that the evolution of the maximum temperature at the 

AS-IT-SOFC outlet obtained in the total source case has the 

same evolution way of the Ohmic source case. For a gas inlet 

temperature of 773 K, the Ohmic source contribution is around 

85% and it is almost 80% for a gas inlet temperature of 883 K, 
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which proves that the Ohmic heat source is the most likely of 

the overheating of AS-IT-SOFC. Figure10. 

 

 
 

Figure 10. Evolution of the maximum temperature at the cell 

outlet according to the gas inlet temperatures 

 

 

4. CONCLUSIONS 

 

In this work, we present a thermal study of the heat 

production phenomenon in an elementary cell of a planar AS-

IT-SOFC. Our objective is to obtain and determine the impact 

and contribution of each heat source (Ohmic, activation, 

concentration and electrochemical) on the distribution and 

elevation of the temperature values in all parts of the AS- IT-

SOFC (electrolyte, anode, cathode, the two anodic and 

cathodic interconnectors and the two channels). The results are 

obtained using a FORTRAN language program developed 

locally, which is based on the modeling of the governing 

equations of the equilibrium heat transfer phenomenon in a 

three-dimensional environment using the finite differences 

method according to a centered scheme. 

The obtained results for the cases which consider the heat 

production by the Ohmic sources, the sum of the two sources 

Ohmic and activation and the total source show that the 

highest temperatures are localized in the zones of the 

electrolyte farthest from the channels that are in the 

neighboring the cathode at the cell output. The lower 

temperatures are positioned at the inlet of the two anodic and 

cathodic channels. For the case that considers heat production 

by concentration, activation and electrochemical sources, the 

lower temperatures are localized at the cell output in the 

electrolyte zones farthest from the channels that are closer to 

the cathode, and the highest temperatures are positioned at the 

inlet of the two AS-IT-SOFC channels. The greatest heat 

production is that generated by the Ohmic source. The smallest 

heat production is that obtained by the concentration source, 

which is really negligible compared to the other sources. The 

heat produced by the electrochemical source is greater than 

that produced by the activation source.  

For a gas inlet temperature of 883 K, the contributions of 

the Ohmic, activation, concentration and electrochemical heat 

sources in the evolution in the temperature values are 

respectively 80.604, 0.099, 2.296 and 17.001%. This proves that 

the heat source due to the Joule’s effect is the most responsible 

for the heat generation inside the AS-IT-SOFC.   

As a perspective of the present work, an optimization study 

of the AS-IT-SOFC overheating according to the operational 

and dimensional parameters will be envisaged for the 

minimization of the heat production inside the AS-IT-SOFCs, 

which logically will allow an improvement of the electrical 

production and lifetime of these fuel cells. 
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