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The Current Density Distribution
in a Segmented-in-Series SOFC
A common tubular solid oxide fuel cell (SOFC) design consists of segmented-in-series
electrochemical cells fabricated onto the outside of a porous support tube. Predicting the
performance of this type of SOFC requires a detailed understanding of the current den-
sity distribution within each cell. This distribution is strongly coupled to the activation,
concentration, and Ohmic losses, which occur as a result of the physical transport pro-
cesses within the cell. A new computer code, known as the SOHAB code, has been devel-
oped to simulate these physical processes and thus make predictions of cell performance.
The simulation results show how the magnitude of each loss varies spatially within the
cell, causing the calculated current density distribution to be very different from that
predicted by the established purely Ohmic models. At low currents the cell behavior is
dominated by activation losses producing a very flat distribution. At moderate currents
the Ohmic losses become more important, and the distribution is peaked at the edges of
the electrolyte. At high currents the increased concentration losses flatten the distribution
in the middle of the cell but not near its edges where gases flow from the surrounding
inactive regions and the losses remain small. At low and moderate currents, the calcu-
lated current density distribution is sufficiently flat that the assumption of a uniform
distribution can be used in conjunction with a one-dimensional model. However, at high
currents this simplified model overestimates the concentration loss as it cannot account
for the improved mass transport near the electrolyte edges. �DOI: 10.1115/1.2971047�
Introduction
The solid oxide fuel cell �SOFC� generates electrical power

ery efficiently from the direct electrochemical oxidation of fuel.
n general, this type of fuel cell is made up of three very thin
eramic layers, with a porous electrode on either side of a solid
xide electrolyte. Structural strength is often provided by printing
he cells directly onto a porous support layer, and it is common to
rint a row of segmented-in-series cells rather than one large con-
inuous cell. This paper is concerned with simulating the physical
ransport processes within such a fuel cell and predicting how the
urrent density distribution and cell performance are affected by
he spatial variation of the internal loss mechanisms.

1.1 Background. The SOFC generates electrical power di-
ectly from the oxidation of hydrogen,

H2 + 1
2O2 → H2O��Ḡ298

o = 228.6 kJ mol−1� �1�

o a lesser extent, carbon monoxide is also oxidized by an elec-
rochemical reaction �1�, but this contribution will be ignored. The
uel and oxidant are separated by a semipermeable solid oxide
lectrolyte, and the half-cell reactions

1
2O2 + 2e− → O2− �2�

H2 + O2− → H2O + 2e− �3�

ccur at its interfaces with the porous cathode and anode �see Fig.
�. On open circuit, the fuel cell operates reversibly, and its output
oltage is given in terms of the gas conditions on the outer sur-
aces of the cell by the Nernst potential EN,cell,

EN,cell = −
��ḠT

o�
neF

+
R̄T

neF
ln� pH2

pO2

1/2

pH2Opo1/2� �4�

here �ḠT
o is the molar Gibbs function change for the overall

eaction �1� at temperature T and standard pressure po, pn is the
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partial pressure of gas species n, F is Faraday’s constant, R̄ is the
universal gas constant, and ne is the number of electrons released
per molecule of hydrogen oxidized. When a current is drawn, Ecell
is reduced from the ideal value EN,cell by the concentration loss
�EC, which arises because of mass transport within the porous
components, the activation loss �EA, which occurs as a result of
the electrochemical reaction kinetics, and the Ohmic loss �ER,
which is the voltage drop caused by the current flow within the
cell. Hence Ecell is given by

Ecell = EN,cell − �EC − �EA − �ER �5�
The derivation of Eq. �4� and further details of SOFC system
design can be found in Ref. �2�.

1.2 Segmented-in-Series SOFCs. In order to minimize the
losses within a SOFC, very thin cell components are often used
��50 �m�, and in some cases physical strength is provided by
fabricating the cells on a tubular supporting structure. The surface
area available on the outside of each tube is often subdivided into
a row of cells, which are connected in series, a design commonly
referred to as “segmented-in-series.” There are several designs of
this type currently being developed �3–6�, and a typical configu-
ration based on the Rolls-Royce Fuel Cell Systems Ltd. integrated
planar-solid oxide fuel cell �IP-SOFC� design �3� is shown in Fig.
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Fig. 1 Gas and ion transport and electrochemical reactions in

a SOFC
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. The porous cathode is the outermost layer of each cell and is
upplied with oxygen from the air flowing over the outside of the
ube, and the porous anode is printed directly onto the tube surface
nd is supplied with reformed fuel from the internal gas channels.
he parts of the outer tube surface not covered by fuel cells are
ealed with a glass layer.

Figure 3 shows a cross-section through the fuel cell layers, with
rrows indicating the direction of conventional current flow. In
his design of fuel cell, the net current flow is in the horizontal
irection, and the current produced by each cell is collected by the
lectrodes. An analytical solution exists for the current flow in this
ell geometry �7,8�, which assumes that it flows unidirectionally
n each layer �see Fig. 4�. However, this approach is limited to
nalyzing the current flow through an arrangement of conductors
ecause no account can be taken of the interaction between the
urrent flow field and the cell losses �EC and �EA. Lai and Bar-
ett �9� simulated the current flow in a segmented-in-series cell
umerically but did not include the effects of these losses in their
ork. Several numerical studies included these effects, but they
ere focused on other types of SOFC �10–13�. Haberman and
oung �14� made an initial attempt to include the cell losses in a
egmented-in-series current flow simulation and reported signifi-
antly different current density distributions from previous work
7–9�.

This paper is concerned with predicting the performance and
urrent density distribution of the segmented-in-series cell shown
n Fig. 3 using a steady-state simulation of the current flow field.
he interaction between the cell irreversibilities and the current
ow field is included by simulating the mass transport within the
orous layers and the kinetics of the electrochemical reactions.

Air flow

flattened tube
Ceramic

Fuel flow

Electrochemical
Cells

Current flow out

Current flow in

Fig. 2 The Rolls Royce Fuel Cell Systems Ltd. IP-SOFC
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ig. 3 Cross-section through a row of segmented-in-series
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2 Key Physical Processes
Several key physical processes must be modeled in order to

make accurate predictions of the current flow field.

2.1 Mass Transport in Porous Materials. Gas transport
within a porous material depends on the Knudsen number Kn,
defined by Kn=� /dp, where � is a length scale of the order of a
molecular mean free path and dp is a mean pore diameter. Young
and Todd �15� derived the cylindrical pore interpolation model
�CPIM�, which provides a rigorous basis for describing multicom-
ponent flow along a cylindrical pore of an arbitrary size. The
CPIM can correctly predict both variations in gas mixture compo-
sition and pressure along a cylindrical pore. This model has been
used to analyze the behavior of the IP-SOFC porous materials
�16� and is also used in this study.

Conventionally, the total mass flux vector Gn of gas species n
in a mixture of N gases can be decomposed into the sum of its
convection and diffusion components,

Gn = YnG + Gn
d �6�

where Yn is the mass fraction of species n, G is the total or
convective mass flux vector of the mixture, and Gn

d is the diffusion
flux vector of species n. G is defined by

G = �
k=1

N

Gk �7�

and hence Gn
d can be found from Gn and Eqs. �6� and �7�.

For a mixture of N gases, the CPIM consists of a set of N
equations written in terms of the total species flux vectors Gn per
unit cross-sectional area of porous materials. There is a set of N
−1 independent Stefan–Maxwell relations

�

�2 � Xn =
M̃

�g
�
n=1

N � GmXn

MmDmn
e −

GnXm

MnDnm
e 	 �8�

and one pressure gradient equation

�

�2 � p = − A�
n=1

N

Gn/
Mn �9�

where � is the material porosity, � is its tortuosity, M̃ is the mean
molar mass of the gas mixture, and Xn and Mn are the mole
fraction and molar mass of species n. Dnm

e , Dmn
e , and A are inter-

polated coefficients, which are given by

1

Dnm
e =

1

Dnm
+

1

Dk,n

1

De =
1

Dmn
+

1

Dk,m
�10�

Anode

Electrolyte

Cathode

Fig. 4 Conventional current flow path analyzed in Refs. †7,8‡
mn
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1

A
=

1

A0 +
1

A� �11�

here Dnm=Dmn are binary �continuum� diffusion coefficients.
k,n is a free molecule or Knudsen term for species n and is given
y

Dk,n =
dp

3
	̄n �12�

here 	̄n is the mean molecular speed of gas species n and 	n
�8R̄T /
Mn�. A0 and A� are the continuum and free molecule
ressure terms, respectively, which are given by

A0 =
32�̃g

�gdp
2�n=1

N Yn/
Mn

�13�

A� =
3

dp
� R̄T


8
�1/2

�14�

here �̃g and �g are the dynamic viscosity and density of the gas
ixture. Further details of the CPIM and its derivation �including
discussion of the phenomenon of “diffusion-slip,” which has a

trong effect on the solid wall boundary condition� are given in
oung and Todd �15�.

2.2 Current Flow. The flow of electric or ionic current within
conductor is modeled using the basic Ohm’s law expression

i = − � � � �15�

here � is the electrical or ionic conductivity of the material, � is
he electric field potential, and i is the current density vector.

2.3 Electrochemistry. In this study, mass transport in the po-
ous layers and the current flow are simulated numerically, and
ence the concentration and Ohmic losses are automatically ac-
ounted for. Therefore, the kinetics of the half-cell reactions �Eqs.
2� and �3�� are modeled based on the calculated local gas condi-
ions at the cathode/electrolyte interface �CEI� and anode/
lectrolyte interface �AEI�. At equilibrium the potential difference
cross a point on the CEI is given by

�c − �e = EN,c = −
��GcT

o�
neF

+
R̄T

neF
ln� pO2

po �1/2

�16�

here �c and �e are the inner potentials of the cathode and elec-
rolyte, EN,c and �GcT

o are the Nernst potential and molar Gibbs
unction change for reaction �2� at a temperature T and standard
ressure po, and ne is the number of electrons carried by an oxy-
en ion. Similarly, the potential difference across a point on the
EI is given by

�e − �a = EN,a = −
��GaT

o�
neF

+
R̄T

neF
ln� pH2

pH2O
� �17�

here �a is the inner potential of the anode and EN,a and �GaT
o are

he Nernst potential and molar Gibbs function change for reaction
3�.

When the half-cell reactions �Eqs. �2� and �3�� depart from
quilibrium, the current density that flows across either the CEI or
EI is found from the Butler–Volmer equation

i = i0�exp�neF�EA

R̄T
� − exp�−

�1 − �neF�EA

R̄T
�	 �18�

here i0 is the exchange current density,  is a charge transfer
oefficient, and �EA is the activation loss. �EA is the calculated
eparture of each reaction from equilibrium and is given by
�EA,c = ��c − �e� − EN,c, �EA,a = ��e − �a� − EN,a �19�
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for the reactions at the CEI and AEI, respectively.
Many authors have proposed different models for i0, and the

work presented in this study is based on the models of Costama-
gna et al. �7� where c=a=0.5 and i0 is given by

i0,c = 7 � 108� pO2

po �1/4

exp�−
120 � 103

R̄T
� �20�

i0,a = 5.5 � 108� pH2

po �1/2� pH2O

po �1/2

exp�−
100 � 103

R̄T
� �21�

where the subscripts a and c denote the anode and cathode, re-
spectively. The calculated current density is used to find the molar
reaction rate for each half-cell reaction and hence the correspond-
ing mass flux of each gaseous species at the CEI and AEI.

3 Physical Model
The computational domain for this study comprises just one

fuel cell and the underlying porous support layer �see Fig. 5�.
Although this geometry is invariant in the z-direction, a three-
dimensional computational domain is used with a uniform depth
of 5 mm. Fixed voltage and fixed current density boundary con-
ditions are prescribed on the cathode faces highlighted in Fig. 5 to
simulate the net flow of current through the cell in the x-direction.
Overall, the computational domain is very thin. Therefore isother-
mal operation is assumed, and a uniform operating temperature is
prescribed �see Table 1�. Fixed gas property boundary conditions
are specified on the top faces of the cathode and the bottom face
of the porous support layer to represent the air and fuel channels
�see Table 1�. These properties represent the typical operating con-
ditions of a high temperature fuel cell such as the IP-SOFC, which
is run on a fuel mixture obtained from the indirect reforming of
natural gas. All the other external boundaries of the computational
domain are specified as solid electrically insulating walls. The
physical properties and thicknesses of each layer are given in

Table 1 Boundary conditions

Uniform operating condition

T=1138 K

Fuel channel Air channel
p=100 kPa p=100 kPa

XH2
=0.340 XO2

=0.21
XH2O=0.330 XN2

=0.79
XCO=0.180

XCO2
=0.150

� � �
� � �

1.0 1.0 5.0 1.0

Fuel channel

Air channel

voltage current

y

z x

Fixed Fixed

Fig. 5 Cross-section through the computational domain „all
dimensions are in millimeters…
MAY 2009, Vol. 6 / 021003-3
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able 2. The notional gas conditions and material properties given
n Tables 1 and 2 are for illustrative purposes only and do not
epresent any particular design.

Governing Equations
The governing equations are presented here in their time depen-

ent form where time is a pseudovariable simply used to facilitate
onvergence to the steady-state solution. The conservation of each
as species in a porous material is described by

�
��g,n

�t
= − � · Gn �22�

here the total mass flux of each gas species Gn can be found
irectly from the CPIM equations �see Eqs. �8� and �9��. The
onservation of the electric or ionic charge within the current
arrying layers is described by

��c

�t
= − � · i �23�

here �c is the charge density. It has been assumed that the cell
perates isothermally. Hence it is not necessary to solve an energy
onservation equation.

Numerical Scheme
The conservation equations are solved using an explicit time-
arching finite volume method, which has been implemented in

he new SOHAB computer code. The SOHAB code operates on a
hree-dimensional structured rectangular grid with variables stored
t cell vertices �see Fig. 6�. Thus a geometrically complicated
omputational domain, such as the one being considered in this
tudy, is split into a series of rectangular grids that communicate
hrough their boundary conditions. The numerical scheme is based
n the methods published by Denton �17� and Haberman and
oung �18–20�. It should be noted that this numerical method is
ot currently time accurate, and, as mentioned earlier, time is used
s a pseudovariable to allow convergence to the steady-state so-
ution.

Table 2 Physical properti

Property
Porous
support A

Porosity � 0.20 0
Tortuosity � 2.5 2
Pore diameter dp ��m� 2 1
Electric
conductivity �e �S mm−1� — 3
Ionic
conductivity �i �S mm−1� — —

Variable updated
at cell centre

Fluxes
averaged
over faces

Variables
stored at
vertices

ig. 6 Diagram showing a computational cell and the storage

f information

21003-4 / Vol. 6, MAY 2009
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6 Results
The results presented below were calculated using the boundary

conditions and physical properties described in Sec. 3 and pre-
sented in Tables 1 and 2, which represent notional dimensions and
operating conditions for a high temperature fuel cell such as the
IP-SOFC.

6.1 Code Validation. Several tests were performed to vali-
date the SOHAB code and to establish the mesh density required to
produce accurate results in a reasonable CPU time. The imple-
mentation of the CPIM in the SOHAB code has been extensively
validated against experiments on the counter flow of a binary gas
mixture through a porous layer �14,16�.

The SOHAB current flow model was validated against the ana-
lytical work of Costamagna et al. �7� and Bossel �8� who modeled
the current flow path shown in Fig. 4 by neglecting the electro-
chemical reactions and assuming that current could flow freely
between the electrolyte and electrodes. Using this model in con-
junction with Ohm’s law, the total resistance of the cell geometry
�see Fig. 5� was calculated to be 0.797 �. Numerical simulations
were performed that also neglected the electrochemical reactions,
and results were obtained for a wide range of computational grids
so that a mesh sensitivity study could also be performed �see
Table 3�. A comparison between the analytical and numerical re-
sults shows that an excellent agreement is obtained using a com-

of the model components

de Electrolyte Cathode Interconnect

0.00 0.20 0.00
0 2.5 0
0 1 0

— 50 0.02

0.00735 — —

Table 3 Calculated Ohmic resistance

Number of grid cells across Calculated Ohmic resistance ���

Electrolyte Interconnect
5 5 0.764

10 10 0.791
15 15 0.795
20 20 0.797
25 25 0.797

0.0

0.1

0.2

0.3

0.4

2 3 4 5 6 7

i(
A

cm
-2

)

x (mm)

5 cells
10 cells
15 cells
20 cells
25 cells

Fig. 7 The calculated current density i distribution along the
width of the electrolyte obtained for different computational
es

no

.20

.5

3.3
grid resolutions
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utational grid representing the width of both the interconnect and
lectrolyte with 20 grid cells. Figure 7 shows a plot of the current
ensity distribution along the width of the electrolyte calculated
or each grid and confirms that a grid of 20 cells produces accu-
ate results.

6.2 Test Cases. The current density distribution within the
ell is controlled by the interaction between the activation, con-
entration, and Ohmic losses. Figure 8 shows a comparison be-
ween losses where each loss was evaluated separately using a
ne-dimensional model representing a line through the four layers
f the fuel cell model. A uniform current density i was applied
cross the electrolyte, and the resulting gas conditions on its elec-
rode interfaces were found. A comparison using Eq. �4� was made
etween these conditions and the fixed properties given in Table 1
o estimate the concentration loss. The activation losses for the
node and cathode were calculated using the kinetic models given
n Sec. 2.3 and the electrolyte gas conditions predicted above. The
hmic loss was estimated from the total resistance of the cell �see
ec. 6.1�.
Figure 8 shows that the different losses are of similar magni-

udes. The rate of increase in the activation loss is highest at low
alues of i, whereas the opposite is true for the concentration loss.
he magnitudes of the losses suggest that the current density dis-

ribution of the cell is activation loss dominated. The relative size
f the Ohmic loss steadily increases with the current drawn
hrough the cell, suggesting that the current density distribution
ill become increasingly affected by the Ohmic behavior of the

ell.
An initial test case was chosen to illustrate how the current

ensity distribution within the electrolyte is controlled by the in-
erplay between the three loss mechanisms. The computational

0.0

0.1

0.2

0.3

0 0.4 0.8 1.2

L
os

s
(V

)

i (Acm-2)

Concentration
Activation
Ohmic

ig. 8 The variation of each cell loss mechanism with applied
urrent density, calculated separately

( )

( )0 2 4 6 8

y mµ

x mm

120

80

40

0

ig. 9 Vectors of conventional current density plotted in the

-y plane of the cell

ournal of Fuel Cell Science and Technology

 https://electrochemical.asmedigitalcollection.asme.org on 06/29/2019 Terms of U
grid identified from the convergence study and the fixed boundary
conditions and material properties given in Sec. 3 were used. A
fixed current was drawn through the cell that corresponded to a
mean current density of imean=0.1 A cm−2 in the electrolyte.

Figure 9 shows a plot of conventional current density vectors in
the x-y plane of the cell for this test case. The current flow path is
typical for a segmented-in-series cell and is similar in appearance
to that assumed in the purely Ohmic model of Bossel �8� �see Fig.
4�. The conductivity of the electrolyte and interconnect are much
lower than the electrodes, and as a result the current spreads pref-
erentially throughout the high conductivity electrodes in the
x-direction and appears to flow uniformly through the electrolyte
in the y-direction.

On closer inspection, it is possible to see that the current den-
sity distribution is not uniform �see Fig. 10�. The current density is
highest at x=2 mm as the current preferentially flows from the
anode into the lower resistance cathode. Figure 10 also shows a
comparison to the current density predicted by a purely Ohmic
model, as used in Sec. 6.1. This Ohmic model predicts very high
current densities at the edges of the electrolyte, whereas the SO-

HAB code, which includes models for the activation and concen-
tration losses, predicts a much more uniform current density dis-
tribution. These two losses reduce the potential difference
produced across the electrolyte Ee, especially in regions of locally
high current density, which leads to a much more uniform distri-
bution. Figure 10 also plots the variation of Ee and shows that as
expected it is smallest near the edges of the electrolyte where the

0.0

0.1

0.2

0.3

0.4

2 3 4 5 6 7

0.875

0.876

0.877

0.878

0.879

0.880

i(
A

cm
-2

)

E
e

(V
)

x (mm)

i (SOHAB)
i (Ohmic)

Ee

Fig. 10 A comparison between the current density distribu-
tions predicted by the SO-HAB code and a purely Ohmic model.
The spatial variation of the potential difference across the elec-
trolyte Ee is also shown.

0.315

0.32

0.325

0.33

0.335

0.34

0.345

0.7

0.8

0.9

1.0

1.1
H2

X

0 2 4 6 8 (mm)

(mm)y

x

Fig. 11 Hydrogen mole fraction XH2
distribution plotted in the
x-y plane of the cell
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urrent density is highest.
Figure 11 shows a plot of the hydrogen mole fraction XH2

dis-
ribution in the x-y plane of the cell. XH2

is lowest at the AEI
here hydrogen is consumed by the electrochemical reaction, and

t diffuses toward this region from the surrounding fuel side parts
f the cell. H2 can also diffuse to the edges of the electrolyte in the
-direction from the surrounding inactive regions of the cell, and
he lowest value of XH2

is found in the center of the AEI where the
lectrolyte current density is at a minimum. A similar plot is ob-
ained for the distribution of the steam mole fraction XH2O except
hat it increases at the AEI where it is produced by the electro-
hemical reaction. There is much less XO2

variation in the cathode
han in the fuel gases mentioned above because it is very thin and
onstrained by the electrolyte on one side and by the prescribed
oundary conditions on the other.

The results presented above suggest that the concentration loss
EC is not responsible for flattening the current density distribu-

ion and that this effect occurs primarily as a result of the activa-
ion loss �EA. This is confirmed in Fig. 12, which shows the
patial variation of the two losses. The activation loss is larger
han the concentration loss and is largest near the edges of the
lectrolyte where the current density is highest. The concentration
oss shows very little variation and is smallest near the edges of
he electrolyte because of gases diffusing in the x-direction, as
hown in Fig. 11

Several further test cases were run to establish how the current
ensity distribution is affected by the mean current density imean
rawn through the electrolyte. Figure 13 shows a comparison be-
ween the distributions obtained at different values of imean. The
hape of the distributions becomes more peaked at their edges as
mean is increased, and the Ohmic behavior of the cell becomes
ore visible. This observation is confirmed in Fig. 14, which

0.00

0.01

0.02

0.03

0.04

2 3 4 5 6 7

∆E
(V

)

x (mm)

∆EC
∆EA

ig. 12 The spatial variation of concentration �EC and activa-
ion �EA losses along the width of the electrolyte

0.0

0.5

1.0

1.5

2.0

2 3 4 5 6 7

i(
A

cm
-2

)

x (mm)

imean=0.1 (Acm-2)
imean=0.5 (Acm-2)
imean=0.9 (Acm-2)
imean=1.3 (Acm-2)

ig. 13 Comparison between the current density distributions

btained at different mean electrolyte current densities
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shows current density distributions that have been normalized by
imean to allow a better comparison between them. At very high
values of imean, the effects of the concentration loss become vis-
ible and the middle of the current density distribution becomes
more flattened. This flattening does not extend to the edges of the
electrolyte due to the diffusion of gases in the x-direction men-
tioned above, and the distribution in these regions has become
even more peaked.

Figure 15 shows the variation in the calculated output voltage
of the cell with imean. For comparative purposes, the results ob-
tained by summing the individual losses shown in Fig. 8 where a
uniform current density distribution was assumed are also plotted.
There is a good agreement at low values of imean, which suggests
that current density distribution calculated by the SOHAB code is
sufficiently flat to allow a uniform current density approximation
to be made. However, there is an increasing error at large values
of imean where this approximation tends to underestimate the out-
put voltage. The main reason for this is that the concentration loss
is smaller than expected as gases diffuse between the edges of the
electrolyte and the inactive regions of the cell in the x-direction.

7 Conclusions
A new computer code known as the SOHAB code has been de-

veloped for investigating the behavior of SOFCs. In this study, the
SOHAB code has been used to simulate the current flow within a
segmented-in-series cell including the spatial variation of activa-
tion and concentration losses that result from the kinetics of the
electrochemical reactions and the mass flow within the cell, re-
spectively.
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Fig. 14 Comparison between the normalized current density
distributions obtained at different mean electrolyte current
densities
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Fig. 15 The variation in calculated cell output voltage with
mean current density drawn through the electrolyte imean. A
comparison is also made to the result obtained using the one-

dimensional „1D… model described in Sec. 6.2.
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Several simulations were performed to fully understand the cell
ehavior, and comparisons were made to an analytical solution
hat considered the Ohmic behavior of the cell only. It was found
hat the purely Ohmic model predicted a very peaked current den-
ity distribution with high currents flowing near the edges of the
lectrolyte. However the SOHAB code, which included all the cell
rreversibilities, predicted a much flatter distribution. This differ-
nce is caused by the strong coupling between the current density
istribution and the spatial variation of the cell irreversibilities.

It was also found that the characteristics of the calculated cur-
ent density distribution vary with the current drawn through the
ell. At low currents the cell behavior is dominated by the activa-
ion loss and the current density distribution is almost uniform. As
he current drawn is increased, the Ohmic behavior of the cell
ecomes apparent and the distribution becomes more peaked near
he electrolyte edges but not to the extent predicted by the purely
hmic models. At very high currents the effect of the increased

oncentration losses is visible as a further flattening of the central
art of the distribution. However, this effect does not extend to the
dges of the electrolyte where the concentration losses remain
mall because of the improved gas flow from the surrounding
nactive areas of the cell.

Finally, a comparison was made over a range of applied cur-
ents between the cell output voltage predicted by the SOHAB code
nd the results from a simplified uniform current density model. A
ood agreement was obtained at low and moderate currents, sug-
esting that a uniform current density distribution is a valid as-
umption. However, at high currents this simplified model over-
stimates the concentration loss because it does not account for
he improved gas flow near the electrolyte edges.
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omenclature
Dnm � binary diffusion coefficient
Dk,n � Knudsen coefficient

dp � mean pore diameter
G � total mass flux vector

i � current density vector
M � molar mass
N � number of species
p � pressure
R � specific gas constant
t � time

T � temperature
X � mole fraction
Y � mass fraction

reek Letters
� � tortuosity
� � porosity
� � electric field potential
� � dynamic viscosity
� � density
� � electric or ionic conductivity
ournal of Fuel Cell Science and Technology
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Subscripts
a � anode
c � cathode
e � electrolyte
g � gas
m � component species m
n � component species n
s � solid

Superscripts
d � diffusion
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