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Abstract

In this article three dimensional modeling of a planar solid oxide fuel cell (SOFC) 
was investigated. The main objective was to attain the optimized cell operation. 
SOFC operation simulation involves a large number of parameters, complicated 
equations (mostly partial differential equations), and a sophisticated simulation 
technique; hence, a  nite element method (FEM) multiphysics approach was 
employed. This can provide 3D localized information within the fuel cell. In this 
article, SOFC ef ciency improvement has been investigated based on optimization 
parameters. For the  rst time, radiation heat transfer equations were considered in 
addition to the effects of conduction and convection heat transfer in 3D simulation 
in a planar cell. This effect has been neglected in all previous SOFCs simulations. 
Based on the proposed equations, the emissivity effect on temperature distribution 
was studied. The maximum location is where temperature and hydrogen mass 
fraction are high in the fuel. Radiation heat transfer between the channel wall and 
the  uid and also in between the cell and ambient outside have been employed. 
Minimizing the ohmic drop by optimizing the cathode layer thickness is another 
new aspect in this research. According to this optimization simulation, it is possible 
to achieve maximum current density.
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1. Introduction

Solid oxide fuel cells, as very impressive sources 
of electrical energy, have attracted signi cant 

attention during the past decade [1]. A fuel cell is 
an energy transformation system which transforms 
chemical energy straightly into electrical energy 
without any harmful effect on the environment. 

DOI: http://dx.doi.org/10.22104/ijhfc.2017.2342.1144



Iranian Journal of Hydrogen & Fuel Cell 1(2017)  37-5238

Since the conversion from chemical to electrical 
energy is direct, less energy loss is incurred during 
transformation [2]. It is very important to study the 
effects of different parameters on the performance 
of a SOFC and for this purpose an experimental or 
numerical simulation method can be adopted as the 
research method. Numerical simulation involves 
constructing a mathematical model of the SOFC and 
using speci cally designed software programs that 
allows the user to retouch the model to evaluate the 
system performance under various con gurations 
and in real time [3, 4]. Numerical simulation can give 
accurate, consistent and ef cient results. Modeling 
allows testing and development of new materials, 
fuels, geometries and operating conditions without 
disrupting the existing system con guration [5]. In 
addition, it is possible to measure internal variables 
which are experimentally dif cult or impossible to 
measure and study the effects of various operating 
parameters on generated power, ef ciency, current 
density, maximum temperatures reached, stresses 
caused by temperature gradients and effects of 
thermal development for electrolytes, electrodes and 
interconnects [6]. A Schematic diagram of mass and 
charge  ows in a SOFC is shown in Fig. 1.

Fig. 1. Schematic diagram of mass and charge  ows in a 
SOFC [43]

For more than two decades, a number of sophisticated 
mathematical models have been published for planar, 
tubular and monolithic designs [7, 8]. Mathematical 
models of SOFCs are important tools in understanding 
and examining effects of various design and operation 

parameters on SOFC performance, as well as 
helping in SOFC expansion [9]. Modeling results 
can be used to optimize designs and select optimal 
operation conditions [10]. Numerical modeling 
of SOFCs has been associated with some levels 
of uncertainty. These arise from some unknown 
physical properties, many model reductions, 
limitations of numerical computations, etc. Many 
published simulations use a simple polarization 
curve for validation [5-8].
The aim of the study presented in this paper is to 
investigate the transport phenomena inside a single 
SOFC fed with hydrogen as the fuel and to evaluate 
its overall performance. For this purpose a three-
dimensional CFD model has been developed for 
an anode-supported planar SOFC [11]. With the 
modeling results, the distribution of temperature, 
 ow velocity, the gas concentrations (fuel and 
air) through the cell structure and gas channels is 
discussed.
In addition to the heat conduction and convection 
caused by the SOFC’s high operating temperature, 
the effect of radiation heat transfer has been 
evaluated [12]. 
It is important to know the optical properties of 
the relevant surfaces when determining surface-
to-surface radiation. In all encountered articles the 
relevant surface is assumed to be ‘grey’, which 
means the properties are independent of wavelength 
[13-16].
Electric potential and current density distributions 
over the cell and fuel utilization are also computed. 
The electrochemical reactions, over-potentials and 
related electric parameters throughout the cell are 
calculated using COMSOL software [21]. 

 
2.Modeling

In a SOFC, electrical conduction, radiation and 
convection heat transfer, gas phase mass transport, 
chemical reactions and ionic conduction take 
place simultaneously and are tightly coupled. 
Conservation laws are applied to each domain 
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to obtain a comprehensive model containing all 
the above mentioned phenomena. This model is 
implemented in COMSOL Multiphysics (Ver. 5.2) 
software and all equations are solved at the same 
time [17, 18, 19].

2.1. Geometry and physics

A single cell of a planar cross-ow and anode 
supported SOFC is considered for modeling. The 
model incorporates the conservation of mass, energy 
and momentum and also charge balance, secondary 
current and Butler–Volmer equations. Some of 
the assumptions employed in the modeling are as 
follows: 
i. Gas mixture is treated as an ideal gas; 
ii. Flow is laminar due to the low Reynolds number; 
iii. Isothermal conditions and 
iv. Gas diffusion layer (GDL) are made of isotropic 
and homogeneous porous materials.
It should be said that isothermal conditions are a 
common assumption in  single SOFCs [22].
Assumed emissivity values found in the literature 
for the cathode surface are listed in Table 1 [13-20].

Table 1. Cathode and anode surface emissivity [13- 20] 
Emissivity εcath Reference Emissivity εan Reference
1 [13] 1 [19]
0.9 [14] 0.9 [20]
0.8 [15] 0.55 [15]
0.7 [16]
0.55 [17]
0.35 [18]

Figs. 2 and 3 show the computational domain of 
the model. The domain includes a section of the 
ceramic membrane, both electrodes, and gas ow 
channels under equal congurations. The values of 
the geometrical and physical model parameters are 
listed in Table 2.
The superiority of the this work over other modeling 
procedures is related to its optimizing reaction and 
cathode layers’ thickness which produce regular and 
better pass of electrical current to achieve  a lower 

Fig. 2. Computational domain of the model.

Table 2.The SOFC dimensions[23, 24] 
Element Value
L Cell length 5 cm
H_ch Channel height 1 mm
W_ch Channel width 1 mm
W_rib Rib width 1 mm
H_inter Interconnect height 0.5 mm
W_inter Interconnect  width 2 mm
H_ASL Anode supportlayer height 1 mm
H_ARL Anode reaction layer height 20 mm
H_E Electrode height 8 mm
H_CRL Cathode reaction  layer  height 20 mm
H_CDL Cathode diffusion layer  height 13 mm

ohmic loss and maximum current density [22].
The parameters H, W and L represent the width, 
height and length of the cell, respectively. The indices 
C, A and E represent channels, cathode reaction 
layer (CRL), cathode diffusion layer (CDL), anode 
reaction layer (ARL), anode spread layer (ASL) and 
the electrolyte. In Table 3, φi and εi represent the pore 
volume fraction and porosity. Also, τi shows the ratio 
of twist and curvature of the pass between two points 
and   shows the permeability porous. These four 
parameters affect uid velocity and concentration in 
porous areas. Other parameters in Table 3 are σi  and 
di-j which represent the electrical conductivity of layers 
and distribution coefcient of component ith in the jth 

component, respectively. Mi and ρi represent the molar 

i 
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Fig. 3. Detailed anode-supported SOFC components

mass and density of uid. Cell voltage was selected as 
the variable parameter in this simulation. For each cell 
current density, a certain value for the cell voltage is 
obtained. Using those data, it will be possible to draw 
voltage vs. current density.
Table 4 represents the input parameters of the model 
including temperature reference, concentration, uid 
inlet velocity, inlet mole fraction and mass fraction of 
the components.

2.2. Governing equations

Governing equations bring together all the relevant 

parameters and variables involved in the SOFC process 
and dene their relationship to each other. In a SOFC 
different types of processes are happening at the same 
time. The governing equations can be classied into 
three types of models as follows:
• Flow model, or uid dynamics model: accounts for 
all the uid ow physics.
• Thermal or heat transfer model: accounts for the 
energy transfer involved through exchange of heat 
between components.
• Electrochemical model: accounts for all the 
electrochemical processes happening between 
different species in a SOFC [22]. 
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Table 3. The SOFC physical properties [24, 25]
Parameter Value e Scope changes
φ_CRL 0.587 0.2-0.8
φ_CDL 1 0.2-0.8
φ_ARL 0.4 0.2-0.8
φ_ASL 0.4 0.2-0.8
ε_CRL 0.4 0.2-0.8
ε_CDL 0.36 0.2-0.8
ε_ARL 0.097 0.2-0.8
ε_ASL 0.42 0.2-0.8
τi 3 1-10
 _CRL 5.4×10-14 m2 -
 _CDL 3.7×10-14 m2 -
 _ARL 3.4×10-14 m2 -
 _ASL 3.4×10-14 m2 -
 _CRL 1.011×105   s/s -
σ_CDL 1.011×105    s/s -
σ_ARL 9.3×103       s/s -
σ_ASL 1.52×104   s/s -
σ_inter 1.13×106    s/s -
d_H2_H2O 8.6147×10-4 m2/s -
d_O2_H2O 2.4589×10-4 m2/s -
d_N2_H2O 2.4556×10-4 m2/s -
d_O2_N2 1.9297×10-4 m2/s -
MH2 0.002 kg/mol -
MN2 0.028kg/mol -
MH2 O 0.018kg/mol -
MO2 0.032 kg/mol -
ρ_anode 0.02797kg/m3 -
ρ_cathode 0.3246kg/m3 -
p_ref 1atm    0.98-1
V_cell 1.05 V  0.4-1.05

The most important mathematical equations 
describing the whole process in a SOFC are as 
follows [23]: 

2.2.1. Continuity equation 
(1)

In this equation ρ is the uid density and u is the 
velocity eld.

2.2.2. Navier-Stokes equation 
Navier-Stokes equations for incompressible uids 

Table 4.Input parameters
Parameter Value Scope changes
T 800 °C 700-1000
CO2_ref 2.38 mol/m3 -
CH2_ref 10.78 mol/m3 -
U_a 5.0363 m/s 1-6
U_c 13.149 m/s 3-15
XH2 0.97 0-1
XH2 O 0.03 0-0.3
XO2 0.21 0.21-1
XN2 0.79 0-0.79
wH2-in 0.78226 0-1
wH2 o-in 0.21774 -
wo2-in 0.23301 -
wN2-in 0.76699 0-0.77

are generally used for a fuel cell due to the small 
velocities [24].  These equations describe the ow 
regime through open domains like the ow channels.

(2)

2.2.3. Brinkman equation 
Brinkman equations for incompressible ow through 
porous media, like the electrodes, were applied. The 
Brinkman equations are composed of the continuity 
and momentum equations for porous media, given 
by: 

(3)

k is the uid permeability in the porous medium and  
   P represents the uid pressure gradient [24]. 
Maxwell-Stefan equation 
The multispecies mass transport in the computational 
domain, which comprises the gas channels and 
GDL, is described by the Maxwell–Stefan equation. 
The ux of each species is solved in terms of mass 
fraction. The general form of the Maxwell–Stefan 
equation is shown below [25-26].

(4)

The effective diffusion coefcient (Dij
eff) is calculated 

 
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by the Knudsen formula as follows:
                 

(5)

(6)

(7)

(8)

The electrochemical reaction is modeled by placing 
mass sources and sinks for the reactants and 
products, respectively, in correspondence with the 
computed rates in the anode and cathode regions 
neighboring the electrolyte. And source (S) terms 
for each component in the Maxwell-Stefan equation 
(Eq. 4) are dened as follows [27]:

(11 ,10 ,9)

Eqs. (9) and (10) yield the stoichiometric amounts of 
the oxygen and hydrogen. In practice, the amounts 
of hydrogen and oxygen fed to the fuel cell are in 
excess of their stoichiometric values as shown in 
Eqs. (12) and (13).

(12)

(13)

2.2.4. Ohm's Law equations
It is used to express the principle of conservation 
of charge and ion Ohm's law equations which are 
dened as follows [28]:

(14)

(15)

Source term Sel  and Sio represent the generation 

and consumption rates of species resulting from the 
electrochemical reaction in the SOFC. 
The anode reaction layer (ARL) is:
                                                                           (16)

And the cathode reaction layer (CRP) is:

                                                                           (17)
In the electrolyte layer we have: 
                                                                           (18)

2.2.5. Butler - Volmer equations
To express electrochemical kinetics of the reactions 
at the anode and cathode, the Butler-Volmer equation 
is used as follows [29, 30,  34]:

                                                                           (19)

                                                                           (20)

α is the  charge transfer coefcient and n is the 
number of electrons involved in the electrochemical 
reaction per mole reactant. For the electrochemical 
reaction at the anode and cathode layers (AV) is 
calculated using the following equation:

                                                                           (21)

                                                                            (22)

where θ is the contact angle between electron and 
ion conducting particles that is equal to 15°, rel is 
the radius of the electron conducting particles that 
is equal to 1.0 µm. nt is the total number of particles 
per unit volume, nel and nio are the number fraction 
of electron and ion conducting particles, and Zel 
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and Zio are the coordination number of electron 
and ion conducting particles. Z is the total average 
particle coordination number in the electrode which 
is equal to 6 and pel and pio are the probabilities for an 
electron and an ion conducting particle to belong to 
connecting ends of the composite [31-33]. All previous 
mentioned parameters are required to calculate 
AV and are related to each other as shown here,

                                                                            (23)

                                                                            (24)
   
where φ is a volume fraction of the electron conducing 
particle in an electrode, which is equal to 0.5,

(25)

(26)

(27)

(28)

Zel-el represents the average coordination number 
between electronic particles and Zio-io represents the 
average coordination number between ionic particles,

(29)

(30)

η in Eqs. (19) and (20) represents the anode and 
cathode activation loss, the loss occurs due to the 
energy required to start a chemical reaction which is 
dened as follows [35]: 
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(31)

(32)

In the above equations φio and φel are ion and 
electric potential, respectively. Ea,eq and Ec,eq are 
the equilibrium potential of the anode and cathode 
in reversible mode. Potential general equilibrium 
(∆Eeq=Ec,eq-Ea,eq) is obtained in the following manner, 
which is called the Nernst equation [36]:

(33)

If the fuel cell acts reversibly, the Gibbs free energy 
will be converted into electrical energy and provides 
the electrical energy necessary for the movement of 
electrons in the outer shell [37].

For the above reaction :( ∆G=-237.3  kJ⁄mol at 25°C)

(34)

Er
0, voltage is reversible in standard mode.

(35)

As a result:

(36)

The difference between real voltage and reversible 
voltage is based on irreversibility. Due to the 
irreversibility (voltage drops irreversible) during 
the processes, the real work in the fuel cell is less 
than the maximum useful work. The actual fuel cell 
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voltage is calculated as follows:

(37)

∆Eact, is the general activation loss, and ∆Eohmic, is 
the ohmic loss, which is dened by Ohm’s Law:

(38)

In this equation, i is the current density of the unit 
ampere per square meter.

2.2.6. Energy equations (conduction, convection 
and radiation)

The electrochemical oxidation consists of two half-
cell reactions occurring separately in the anode and 
cathode, and heat is generated within the electrolyte 
and the electrodes. The heat generated, however, is 
assumed to be produced within the anode structure 
because the cathode and electrolyte are very thin, 
relative to the anode [38].
The energy equation for the model is as follows. This 
equation is applicable to all areas, assuming that the 
displacement term is only intended for channels in 
porous media and it is ignored.
                                                                           (39)

For porous media the equivalent thermal conductivity 
used are as follows:
                                                                           (40)

Source term in Eq. (39), for each segment is 
calculated as follows.
For the ow collector layer:
                                                                           (41)

For the electrolyte layer:
(42)

For the anode reaction layer:

(43)

And for the cathode reaction layer:

(44)

The energy equation for the anode and cathode 
channel walls includes the pure radiation uid (qr) 
as follows:

(45)

Heat transfer coefcient in channels (h) using Nu is 
equal to 3.09 [40], which is calculated based on the 
following equation:

(46)

Hydraulic diameter for the channel is also dened as:

(47)

As an innovation, radiation heat transfer equations 
were considered in a three dimensional state for a 
planar cell in the heat transfer section for the rst 
time. In Equation 45, qr, is the pure irradiation ux 
equal to the difference between radiation output 
ux from a surface and the input ux to it which is 
calculated based on the radiosity method as follows:

(48)

In Eq. (48), G is the total irradiation in all directions 
and at all wavelengths per unit area, and J is the total 
irradiation output ux in all directions and at all 
wavelengths of radiation per unit area, which is equal 
to the sum of the intrinsic object (εEb) and reects 
part of the radiation emitted down to it (ρG). Given 
that α + ρ + τ = 1, assuming opaque surfaces, the 
transmission coefcient (τ) is zero. As a result, the 
total absorption coefcient and reection coefcient 
are equal to one:

α+ρ=1                                                                 (49)

According to Kirchhoff’s law, the absorption 
coefcient is equal to the diffusion coefcient:
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α=ε                                                                     (50)

And energy ux emitted from the black body (Eb) is 
calculated as follows:
                                                                           (51)

Where σ is the Stefan-Boltzmann constant 5.67×10-8  
W⁄(m2 K4), and T is the temperature. According to 
Eqs. (48) to (51), the result will be:

                                                                           (52)

 In the above equation, the light intensity level (G) is 
dened as follows:
                                                                           (53)

In Eq. (54), the rst sentence reects the two-
way radiation intensity between two surfaces and 
the second term shows radiation intensity of the 
environment to the channel wall.

(54)

The energy equation for surfaces around the input and 
output spans is calculated by the following equation 
as well. The left term represents heat conduction 
transfer and the right term represents radiation from 
the fuel cell to the external environment.

                                                                           (55)

2.3. Numerics

The model is computed using COMSOL Multiphysics 
software employing fully coupled solvers which 
solve the governing equations simultaneously 
using the Newton–Raphson iterations. The model is 
simulated with meshes of different sizes to check the 
grid independence. The nal mesh size is described in 
Table 5. The convergence criteria was selected as10-6.
The Finite element method (FEM) of modeling 
is used to solve the partial differential equations 
(PDE) to express physical and scientic phenomena 
mathematically [41-42].
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Table 5. Element sizes in the computational domain
Domain Element size (mm)
Channels 0.1×10-3

Electrodes 0.151×10-4

Electrolyte 0.05×10-3

For the research work presented here the ‘Batteries and 
Fuel Cells’ module has been used. The Batteries and 
Fuel Cells module enables the user to build models of 
electrodes and electrolytes in detail.

3.Results and discussion

Polarization is a state in which electrode surface 
potential shifts from its equilibrium value 
which leads to an electrochemical reaction. The 
polarization curve records voltage changes with 
current density,  these data are very important in 
evaluating the performance of the fuel cell [36]. 
A fuel cell with good performance should show a 
curve with high current density in high voltage 
which expresses higher output power. In Fig. 4, the 
polarization curve obtained from the simulation and 
the point curve of the experimental results have been 
plotted. As shown, the model sufciently matches  
experimental results.
The power curve can be used to show the rate of 
obtainable energy from this cell. Power is obtained 
from the polarization curve simply by multiplication 
of voltage by current, Fig. 5. The produced power 
in this cell is 11900W/m2 in certain operating 
condition.
In Fig. 6, a three dimensional view of temperature 
distribution has been represented. At 0.75 volt 
as a medium voltage, the highest value of cell 
temperature is 1115 K and the lowest level was 1073 
K. As can be seen, rst the operating temperature is 
high because of a high concentration of hydrogen. 
As the electrochemical reaction consumes hydrogen 
decreasing output concentration and producing 
water  the output temperature is reduced. 
In Figs. 7-9 the effect of variation of cell temperature 
on voltage, power and ohmic drop has been plotted.  

   4 4.    ambn T T T



Fig. 4. Polarization Curve; Comparison between the model 
and experimental data [41].

Fig. 5. Power density curve at average voltage.

Fig. 6. 3D Temperature distribution 

Fig. 7. Cell voltage vs. current density at three different 
temperatures.

Fig. 7 shows the variation of cell voltage with 
current density (current/area) for the cell operating 
at high and low temperatures. The initial fall in 
voltage is small for the cells operating at high 
temperatures, whereas the initial voltage fall is 
high for the cells operating at low temperatures. 
In addition to this, the cells operating at higher 
temperatures exhibit more linear behavior.
As it can be observed in Fig. 7, the chart of cell 
voltage is plotted according to current density in 
three operating temperatures. It also shows that 
increasing the temperature under constant voltage 
signicantly increases current density.  
Fig. 8 represents power density vs. current 
density. It is clear from Fig. 8 that higher current 
density and power density usually occurs for low 
cell voltage. Hence to get maximum efciency, 
the operating conditions should be balanced to 
get a good compromise between current density, 
voltage and operating cost. In the initial stages, 
activation polarization decreases the cell voltage. 
When current densities increase, the concentration 
losses are predominant and a sharp decrease in 
cell performance is observed. In a constant current 
density the increase in temperature increases power 
density of the cell signicantly; so increasing 
temperature has a positive effect on cell power.
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Fig. 8. Power density vs. current density at three different 
temperatures.

From Fig. 9, it can be concluded that ohmic drop 
decreases in a constant current density as temperature 
increases and this is a benet for working a fuel cell 
and a better situation in cell efciency.
Figs. 10, 11 and 12 show hydrogen in the anode 
side and oxygen and water molar concentrations 
in the cathode side, respectively. Fig. 10 has been 
plotted in 0.39 volt.  It shows a concentration drop 
of hydrogen in the channel length and reaction layer 
(in the Y direction).  Because of the electrochemical 
reactions, consumed hydrogen and produced water 
from oxidation of hydrogen are transferred to the 
channel and led out through the fuel channel.

Fig. 9. Ohmic overpotential vs. current density at three 
different temperatures.

Fig. 10. Hydrogen concentration distribution in the anode.

In Fig. 11, the oxygen molar concentration has 
been displayed in the cathode at 0.39 volt. At the 
beginning, the amount of oxygen input (dark red) is 
high and after the reaction along the cell the rate of 
oxygen decreases 30 percent and is consumed along 
the cell.   By considering the color, the rate ofoxygen 
decrease can be seen in the output of the channel 
(dark blue).
Fig. 12 is also plotted at 0.39 volt. The location of 
cathode input is y=L and the amount of input water 
is equal to the initial amount of water (0.34 mol/m3);
with the electrochemical reaction its amount 
increases until it reaches 1.55 mol/m3. The main 
produced water is in the anode and exits through the 
output.

Fig. 11. Oxygen concentration distribution in the cathode. 
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Fig. 13. Electrical current density vector and volumetric ow 
distribution on the electrode surface.

Fig. 14 shows the current density chart vs. emissivity 
coefcient at both co-current and countercurrent 
patterns.  If the ow in the channels is co-current, 
temperature distribution will be more uniform 
than the state in which ow is countercurrent and 
temperature and current density will be more than 
when the ow is co-current.

Fig. 14. Current density vs. emissivity coefcient at two 
different ow patterns.

Fig. 15 represents the current density chart according 
to the emissivity coefcient in two different voltages. 
When the emissivity coefcient increases, current 

Fig. 12. Water concentration in the cathode.

Electric current and volumetric density distribution 
vectors in a section of cell for a channel have been 
represented in Fig. 13. As it can be seen, because 
of electrochemical potential difference created on 
both sides of the electrolyte, current from the anode 
collector (top level) ows to the negative pole 
(cathode) in order to be conducted to the anode side 
by an external circuit. 
Minimizing the ohmic drop by optimizing the cathode 
layer thickness is another innovation in this article. 
Using this optimization, maximum current density 
is achieved. A noticeable point about this gure is 
that the widthwise electric current path in the cell 
occurs because of the low thickness of the cathode 
and the density of current in the middle part of the 
cell. This phenomenon increases the path length of 
the electric current ow and increases the ohmic loss. 
We can reduce this effect by considering an optimum 
thickness for the cathode and a more uniform current 
density distribution on the electrolyte surface.
The interesting point about the electric current 
path in the cell is a transverse electric current in 
the cathode that ows because of its low thickness 
and the density of current in the central region. 
This increases the ow path in the cathode as well 
as the ohmic drop . This effect can be reduced by 
considering the optimum thickness for the cathode 
and also by creating a uniform distribution of current 
density on the electrolyte surface.
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Fig. 16. Temperature vs. distance for different emissivity 
coefcients.

Fig. 17. Effect of fuel type on cell voltage. 

Fig. 18. Effect of fuel type on power density. 

density decreases. As it can be observed in the 
temperature chart according to distance in different 
emissivity coefcients in Fig. 16, as the emissivity 
coefcient increases at a certain distance from the 
cell, the cell’s operating temperature  decreases and 
this reduces the current density and efciency of the 
cell. Based on the results, considering the radiation 
effect in fuel cell, temperature and current density 
are reduced [26].
Figs. 17 and 18 present the cell voltage chart vs. 
current density and power density vs. current density 
with two different fuels, respectively. The use of a 
combination of hydrogen and carbon monoxide 
instead of hydrogen as fuel helps to improve the 
efciency of the cell. Maximum power with hydrogen 
and carbon monoxide combined fuel is 214000  W/m2.
Fig. 19 displays the cell voltage vs. current density 
with two different type of oxidizers. Reactants such 
as oxygen or air electrochemically react at high 
temperature and generate electrical energy. This 
relationship relies on the fact that the electrolyte in 
SOFCs, such as YSZ, are pure ionic conductors and 
therefore only oxygen ions can permeate through the 
electrolyte to participate in the oxidation reaction at the 
anode/electrolyte interface. Using oxygen instead of 
air as the oxidation factor increases the current density.
therefore only oxygen ions can permeate through the 
electrolyte to participate in the oxidation reaction at the 
anode/electrolyte interface. Using oxygen instead of 
air as the oxidation factor increases the current density.

Fig. 15. Current density vs. emissivity coefcient in two 
different voltage.
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l efciency decreases because of increasing radiation 
ux to the environment, temperature and current 
density. Using oxygen instead of air as the oxidation 
factor increases the current density. The combined 
use of hydrogen and carbon monoxide instead of 
hydrogen as fuel helps to improve cell efciency.
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