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Abstract

Single chamber solid oxide fuel cells (SC-SOFCs) could be an alternative to the conventional
dual chamber types since they do not need any sealant and electrolyte crack growth does not
lead to failure in performance. However, the reduced reactant activity due to spectator species
present at anode and cathode results in a significantly decreased performance. The focus of
this paper is to present a comparative study on the performance of single-chamber anode-,
cathode, and electrolyte-supported cells. Our results show that anode-supported cells offer
significantly better performance compared to electrolyte-supported cells. The cathode-
supported cells show a similar performance to anode-supported cell close to open circuit
voltages, i.e. voltages above 0.92V, after which the cell current density decreases due to lack
of oxygen at the cathode catalyst layer. Finally, a time-dependent performance study of the

cathode-supported cell concept is presented and discussed.

Keywords: Single chamber, Solid oxide fuel cell, Hydrogen-Air, Premixed, Lack of Oxygen, Support types

1. Introduction

Fuel cells are an efficient technology for generating electricity through direct electrochemical
conversion of a fuel and an oxidant without thermal conversion [1]. SOFCs are gaining

considerable attention due to their high efficiency and the fuel flexibility [2-6]. SOFCs work
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at high temperatures between 500 and 950°C [7]. These high operating temperatures have
both advantages and disadvantages. On one hand they enable direct internal reforming at the
anode as well as the fuel flexibility, on the other hand they can lead to crack formation within
SOFC components due to thermal stresses [8,9]. Also, the high operating temperature gives
rise to increased materials degradation [10-13]. In this respect, single chamber solid oxide
fuel cells (SC-SOFC) could be an alternative since they do not need any sealant and any
crack growth would not terminate their performance. However, SC-SOFCs suffer from very
low performance compared to conventional SOFCs. This low performance is mostly due to
the presence of ‘spectator’ species at the two catalyst layers (for example transport of
hydrogen to the cathode catalyst layer) which currently reduces their development interest to
research projects. Thus, there exists some interest in studying SC-SOFCs and finding

pathways to improve their performance and the management of energy transfer.

Studies that have investigated SC-SOFC behavior can be divided into two categories,
namely “numerical” and “experimental” approaches. Experimental studies will be factual and
represent the ‘real world” performance of SC-SOFC. However, experimental tests are usually
cost intensive, consume time and energy, and are usually unable to provide details including
the concentration of chemical species at the electrodes, the velocity of fluid flow or local
current densities etc. Nevertheless, knowledge of such data would play a key role in
improving cell performance and facilitating device improvement. Accordingly, the
development of numerical studies in this area provides very useful details especially as there
is too little experimental information on SC-SOFCs performance. Indeed, a number of studies
on SC-SOFC have been performed using numerical approaches and published in [2, 10, 13-
25]. Among these few numerical models, Chung et al. [14] reported that ohmic loss in
comparison to the other two voltage losses (i.e. concentration and activation losses) was the

major term present in SC-SOFCs. For this reason, different anode and cathode arrangements



can affect the SC-SOFC performance by changing the path of movement of the oxygen ions
from the cathode to the anode and thus influencing the ohmic loss occurring in the cell. Wang
et al. [8] presented a novel configuration for SC-SOFC called right-angular configuration.
Since their study was limited to experiment, detailed information about the physico-chemistry
was not reported. Kamvar et. al. [2] performed a comparison study between different anode
and cathode configurations on SC-SOFC. Their results revealed that the ohmic losses play a
key role in cell performance improvement. Recently, Xu et. al. [26] developed numerical
models for button all porous dual chamber solid oxide fuel cells. Their results focused on
electrolyte porosity optimization to control the oxygen transport to the anode to prevent the
risk of simple combustion (and explosion) which would considerably reduce the cell
performance. However, a number of useful recent numerical studies have been performed on
SOFC area. Kong et. al. [26] proposed a novel interconnector design named X-type
interconnector. Their numerical results showed that the cell with this novel design presented
better performance compared to the cell with conventional interconnector. Schluckner et. al.
[27] studied on the influence of different possible flow configurations and electrical contact
positions on the temperature distribution within the cell. They claimed that it was not possible
to move the maximum cell temperature to the cell centre by a variation of the electrical
contact position. Moreno-Blanco et. al. [28] numerically studied on the effect of channels-
electrode interface area on the performance of planar SOFC. They found out that the size
(width) and number of channels in a co-flow arrangement had a direct effect on the cell
performance.

In this study, the evaluation of the performance of a planar single chamber solid oxide fuel
cell within a wide range of voltages is our target. The focus is laid on the control of the

amount of oxygen present at the cathode functional layer

2. Problem Definition



A 2D numerical model was used to predict the performance of a single planar SC-SOFC.
In the planar type of SC-SOFC, the electrolyte is sandwiched between two porous electrodes.
As shown in Fig.1, a single cell is located in the middle of a reaction chamber. 50%
hydrogen, 50% air by volume is used to ensure the system safety [16]. Using hydrogen as a
fuel is a benefit because: 1) it avoids coking problems, and ii) it simplifies the overall anode
chemistry. The cell consists of five layers; anode, anode functional layer, electrolyte, cathode
layer and cathode current collection layer. They are made of nickel (Ni), nickel-yttria-
stabilised zirconia (Ni-YSZ) cermet, yttria-stabilised zirconia (YSZ), yttria-stabilised
zirconia-lanthanum strontium manganite (YSZ-LSM) composite, and lanthanum strontium
manganite (LSM), respectively. The governing equations for gas-phase species, energy,
momentum, and charge balance are coupled with kinetics equations, which describe the

electrochemical reactions.
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Fig. 1: (a) Schematic illustration of a 3D view of a planar SC-SOFC, (b) cross-section of a planar SC-SOFC

which represents computational domain (detailed “A”), (c) schematic of different support types used for



current study (not to scale)

Three geometrical types of planar SC-SOFC were investigated here: 1) anode-supported,
i1) cathode-supported, and iii) electrolyte-supported. Tablel tabulates the geometrical data for

our model.

Tablel: Geometrical data

o Value
Description Symbol Anode- Cathode- Electrolyte-
supported supported supported
Channel length L, 250 [mm] 250 [mm] 250 [mm]
Channel height H,, 25 [mm] 25 [mm] 25 [mm]
Cell length Loy 20 [mm] 20 [mm] 20 [mm]
Anode thickness ty 1000 [um] 100 [um] 100 [um]
Anode functional layer thickness tor 20 [pm] 20 [pm] 20 [pm]
Electrolyte thickness t 500 [um] 500 [um] 1000 [um]
Cathode current collector thickness t. 100 [um] 1000 [pm] 100 [um]
Cathode functional layer thickness te 20 [pm] 20 [pm] 20 [pum]

The simplifying assumptions of our study are listed in the following.

e [t is assumed that the electrodes are selective. This means that the following reactions
occur at the electrodes.

Anode oxidation of hydrogen:

H,+0? — H,0+2e” (1)
Cathode reduction of oxygen:
Oyt2e — O )

e Flow is two-dimensional, compressible and laminar with Mach number lower than 0.3

e All species behave as an ideal gas.



e The electrolyte is fully impermeable.

e The inertia term in porous media flow is neglected (Stokes-Brinkman’s assumption).

e The thermal diffusion is disregarded.

e The ohmic resistance due to electron transport is neglected since the electronic

conductivity of the electrodes is noticeably high compared to ionic conductivity.

The thermal equilibrium is valid between solid and fluid phases in porous electrodes.
The governing equations are described separately below.
2.1. Conservation of mass and momentum

The continuity equation for compressible fluids is stated as [29]

L)1 (pu)=0 (3)
where p is the density of the mixture and u is the velocity vector. ¢ is the porosity of the
porous electrodes with a value between 0 and 1. Considering free fluid flow inside the
chamber, the continuity equation is obtained by setting the porosity value to unity.

The single-phase fluid flow equation for a compressible flow in porous electrodes using
Darcy’s law is expressed as [30 and 31]:

( Y f . ) (1)
gk%ﬂu.wa :V.L—pl+§(Vu+(Vu) )_%(V'U)UWQ_LEJUJFF (4)

K

where p is the dynamic viscosity of the fluid, € and k are porosity and permeability of the

porous electrodes, respectively, and F is the volume force acting on the fluid. By applying
u

Stokes-Brinkman’s assumption the inertial term ((U.V)—) in porous electrode flow vanish. In
g

a free media gas chamber, porosity € is taken to be unity while, permeability x is infinite.

Furthermore, as it is assumed that the electrolyte layer is impermeable, the mass and



momentum equations should not apply in this layer. The dynamic viscosity of a

multicomponent mixture, £ P is obtained by:

Hy :ij'”j (5)
J

where M, is the dynamic viscosity of the jth species of the mixture and x is its mole fraction.

2.2. Species conservation

The governing equation of species conservation for an individual species i can be written as

1317
Jw
epo+ p(w.V)w; = R; (6)

where j; is the relative mass flux vector, ®; is the mass fraction of the ith species, and R; is the
source term that accounts for mass deposit or mass creation of the ith species. By applying

the Maxwell-Stefan diffusion model, the relative mass flux vector can be written as [32]
Ji=-po, ZDikdk (7)
k
where d; is the diffusional driving force and D;; are the multicomponent Fick’s diffusivities
calculated by [32]:
D, =1.883x10°T" (I/M, +1/M,)" /(o) (8)

where o is the characteristic length in Angstrom and €2, is the diffusion collision integral.

The multicomponent Fick’s diffusivities are corrected to account for mass transfer resistance

in the porous electrodes according to the following equation:

D;{f = (g/T)Dik (9)



where 1 is the tortuosity of porous media. In this work, the Dusty Gas Model (DGM) is
applied in order to account for the impact of Knudsen diffusion in small pores. In porous
electrodes, the multicomponent Fick’s diffusivities in Equation (6) are then substituted with

the effective DGM diffusivities which are formulated by [33]:
D%M,ik = (5/7) (Dik Diy i )/(Dik + Dy i ) (10)

where Dxy i are the Knudsen diffusivities which are calculated based on the free molecular

flow theory [33]:

DY, =4/3r JRT(M,+ M) [(zM,M,) .

KN ik

where 7, is the effective pore radius and R, is the universal gas constant.
As stated before, the electrolyte layer is assumed to be impermeable thus none of the species

can diffuse and the species conservation equation is inactive for this layer.
2.3. Charge conservation

Since the characteristic time scale for charge transfer is much shorter than for heat and mass
transfer [34], ionic and electronic charge conservation equations are solved in steady state

[30]. By applying ohm’s law, ionic and electronic charge conservation equations are stated as

[34]:
V(0.4 =, (12)
_v'(o-iv¢i):ji (13)

respectively, where o, and o; are the electronic and ionic conductivity and @, and @; are the
electric and ionic potential, respectively.
The right-hand sides of equations (12) and (13) describe electrical and ionic charge

source/sink terms, respectively, and only exist in the anode and cathode functional layers.



According to equations (1) and (2), electrons and ions are produced in the anode and cathode
catalyst layers, respectively. The electrical and ionic charge source for the anode functional
layer are sink and source terms, whereas for the cathode layer they are source and sink terms,
respectively. Consequently, the sink and source term of the charge conservation equation for

the anode and cathode layers are stated using the Butler-Volmer equation [35-37]:

Ja="Ju= AaJ:jd.(cHz/cHZM )yH2 [exp(naaan’a/RuT)— exp(—n(l - aa)an’“/RuT)J (14)

Joe==Jie= ACJ&/ (COZ/COZM )yO2 [exp(nacFrym,C/RuT)— exp(—n(l -a)Fn,,. RuT)J (15)

where A4 is the electrochemically active surface area per unit volume, J(ﬁ?ef and J(?f,ef are
reference exchange current densities, and y,, and y, are the reaction order for hydrogen
oxidation and oxygen reduction at reference concentrations ¢, . and ¢, ., respectively, o

is the charge transfer coefficient whose value lies between 0 and 1, F is Faraday’s constant
(equal to 96487 C/mol), and 7, is the activation overpotential. The indexes “a” and “c” in
the above equations denote the anode and cathode sides. The anode and cathode side

activation overpotentials are calculated by [16]:

N = 0. =4, (16)
Nact.e = b= —Voc (17)
respectively, where V. is the open circuit voltage calculated by the Nernst equation [38]:

Voo =1317-2.769x10*T+R,T/2F In(py,, .13} | PPl ) (18)

It is worth mentioning that ion transport physics is active for anode and cathode functional
layers as well as the electrolyte, whilst electron transport physics is valid for both electrode

functional layers and substrate/current collection layer.



2.4. Energy conservation

The conservation of energy for the entire domain is governed by [39]:
oT
pCpgﬂ—V.(pCpuT—kVT): 0 (19)

Where C, is the specific heat, k is the thermal conductivity, and Q is the energy source term
due to ionic transport resistance, reversible and irreversible heat generation. In order to

account for the porosity of the electrodes, the effective relationship is used for specific heat

capacity (pC,) and thermal conductivity (k) by applying the thermal equilibrium between

solid and fluid phases in porous electrodes [31]:
(pC,),, =2(pC,), +(1=2)(rC,), (20)
k, =&k, +(1-&)k, (21)

In above equations, the indexes “f’ and “s” denote fluid and solid phase, respectively.

Specific heat and conductivity for the fluid mixture is determined by:

C.HJ' - - chp,j (22)

k= ijk./' (23)

Where C,; and k; are the specific heat and conductivity for each gas species, respectively, x

and o are mole and mass fraction, respectively.
2.5. Boundary conditions

In order to fulfill the mathematical modelling, specifying the boundary conditions for each

physics was necessary. Two types of boundary conditions were used: the Dirichlet boundary



condition in which the value of the dependent variable was specified, and the Neumann

boundary condition in which the derivative of the dependent variable was specified.

At the inlet of the chamber, velocity, pressure, mass fraction of species and temperature were
specified. At the chamber walls no slip (U=0) and thermal insulation boundary conditions
were applied for fluid flow and energy equations, respectively, and the insulation boundary
condition was used for transport of species equations. At the outlet of the chamber, the
pressure was equal to the total pressure and conduction heat transfer in comparison to
convection heat transfer was neglected. Similarly, the diffusion term in the species transport
equation was disregarded versus the convection term. At the intersection between electrodes
and gas channel, the voltage was specified. In other words, the cell voltage and ground
voltage were applied for cathode-channel and anode-channel intersections, respectively.
Since the electrolyte was impermeable to mass and electron transport and also fluid flow, the
insulation boundary condition was used for fluid flow, mass, species and electron transport
equations at all exterior boundaries of the electrolyte layer. Plus, as the electrons could not
diffuse to the chamber, the insulation boundary condition was applied for the electron
transport equations at all intersections between electrodes and chamber, respectively.
Furthermore, since it was assumed that the electrochemical reactions occur in the catalyst
layers, the insulation boundary condition was utilised for the ion transportation physics at the
electrodes-catalyst layer interfaces. The continuity boundary condition was applied for the

rest of the boundary conditions.

3. Numerical procedure

An in-house two dimensional computational fluid dynamics (CFD) code was utilised. The

code was based on the finite element method. Two types of mesh were used in order to have



better convergence. A triangular mesh was used for the chamber and a mapped mesh used for

the cell (as shown in Fig.2).
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supported SOFC (c) Electrolyte-supported SOFC

The mesh distribution was such that more elements were concentrated in the catalyst domains
where more calculation volume existed.

Our study included steady state and time-dependent approaches to the problem. Table 2
tabulates the number of elements and solution time for each cell type. In the steady state
study of the problem, to catch instabilities occurring in the solution procedure, the governing
equations were solved in steps. Since the Butler-Volmer and fluid flow equations are non-
linear equations, the ionic and electronic current distributions were obtained initially, then the
fluid flow equations are solved. Finally, all governing equations were solved fully-coupled.
The solution for each step was stored and applied as an initial guess for the next step. To
improve the accuracy of the solution, the second-order elements for the velocity components
and first order elements for the pressure field were applied in a discretisation process, while
linear elements were used for the other dependent variables. The relative tolerance of 1x10°°
was chosen. The calculations were performed on a laptop with the following specifications:
processor Intel (R) Core ™ 17 CPUX980 @ 2.2 GHz with an installed RAM of 16 GB.

Table 2. Mesh element number and solution time obtained for each cell type.

Cell Type Triangular Quadrilateral Steady state study Time-dependent
P elements elements solution time study solution time
Anode supported 14600 19600 1 hr 32 min 33 s -
Cathode supported 15811 21200 10 min 21 s 42 hr 46 min 5 s
Electrolyte supported 17658 34400 7min 4 s -

4. Results and discussion

4.1.Model validation




In order to show the accuracy of our model results, a validation was performed. Due to lack
of experimental data in the area of SC-SOFC with hydrogen-air premix, the results were
compared to experimental data provided by Rogers et al [40] for a dual chamber SOFC using
hydrogen as fuel. Fig. 3 shows how our model results for a dual chamber configuration are in
agreement with the experimental data. The R” value is obtained to indicate how the current
model fits the experimental data. Higher values indicate that the model fits the experimental
data better. The R* value for current model is obtained as 0.995. In order to calibrate our
model results, the electrochemically active surface area per unit volume at anode and cathode
and also the anodic and cathodic charge transfer coefficients were considered as fitting

parameters. The current data were obtained with Aa=7.25616><105 mz/m3, Ac=4.0312X107
m*/m’, a,=0.75 and « =0.125. These fitting parameters were maintained for our study.

The input parameters used for validation are tabulated in Table 3.

B Rogers' Data [40]

= Current Model

0.4 -

0 0.5 1 1.5 2 2.5 3

I [A/lcm?]

Fig. 3: The current model accuracy applied to a dual chamber configuration compared to Rogers’ data.

Table 3: Input parameters used in validation.

Description Symbol Value Dimensions




Geometrical parameters:

Anode and cathode channel height

Anode and cathode channel width

Anode thickness

Anode functional layer thickness

Electrolyte thickness

Cathode layer thickness

Cathode current collector thickness

Thermo-physical parameters:

Inlet velocity

Inlet temperature

Total inlet pressure

H, inlet molar fraction

H,O0 inlet molar fraction

O, inlet molar fraction

N, inlet molar fraction

Inlet velocity

Anode and cathode permeability [15]

Anode and cathode porosity [31]

Anode and cathode tortuosity [31]

Pore diameter in porous media [31]

Universal gas constant

Anode thermal conductivity [15]

Cathode thermal conductivity [15]

7—;71

P in

0.H,

0,H,0

0.5

10

0.02

0.01

0.02

0.05

1073

0.95

0.05

0.21

0.79

10"

0.375

2.75

0.0015

8.314

m/s

atm

m/s

J/mol.K

W/m.K

W/m.K




Electrolyte thermal conductivity [15] k. 2 W/m.K
Anode conductivity [15] o, 71428.57 S/m
Cathode conductivity [15] o, 5376.34 S/m
Electrolyte conductivity [15] o, 0.64 S/m
Anode specific heat [15] Coa 595 J/kg K
Cathode specific heat [15] Coe 573 J/kg K
Electrolyte specific heat [15] Coe 606 J/kg K
Anode density [15] Pa 6870 kg/m®
Cathode density [15] Pe 6570 kg/m®
Electrolyte density [15] Pe 5900 kg/m®
Dynamic viscosity of hydrogen [15] Hy, 6.162x107° +1.145x10°* x T’ Pa.s
Dynamic viscosity of oxygen [15] Ho, 1.668x107° +3.168x107°T Pa.s
Dynamic viscosity of nitrogen [15] Hy, 1.435x10° +2.642x10° T Pa.s
Dynamic viscosity of water [15] Hiro 4.567x10°+2.209%x10°xT Pa.s
(W/(m.K))

Thermal conductivity of hydrogen [15] ky, 0.08525+2.964x10*T W/m.K
Thermal conductivity of oxygen [15] ko, 0.01569+5.69x10°T W/m.K
Thermal conductivity of nitrogen [15] ky, 0.01258+5.444x10°T W/mK
Thermal conductivity of water [15] K0 -0.0143+9.782x10°T W/m.K

4.2. Steady-state performance analysis

In this section the steady-state and time-dependent performance of the anode, cathode and
electrolyte-supported cells will be studied. The geometrical data of the different cell types
considered in this study are tabulated in Table 1. All input data used in the validation

stage remained constant except the inlet temperature which was equal to 773K. Also, to



ensure the safety of the system, the mixture composition was considered as 50%
hydrogen, 50% air by volume. Fig. 4 depicts the i-V and i-W plots for different cells, i.e.
anode-supported, electrolyte-supported, and cathode-supported cells. It can be seen that
anode- and cathode-supported cells reveal better performance, however the cathode-
supported cell performance is just limited to conditions close to the open circuit voltage.
The maximum power density for the anode-supported cell is 43.7 mW/cm® while this
value for the electrolyte-supported cell is only 22.0 mW/cm®. This low maximum power
density produced by the electrolyte-supported cell is due to the higher resistance of the
thicker electrolyte. It can be also seen that the cathode-supported cell reveals the same
performance compared to anode-supported cell at current densities less than 0.02 A/cm?.

After this point the cell does not reach to stable performance at voltages less than 0.92V.
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Fig. 4:1-V and i-W plots for different cell types.

Figs. 5a, 5b and 5c¢ show oxygen concentration distribution at voltages 1.1, 1, 0.92V and
inlet cell temperature 773K along a y-axis passing through the center of the cathode
functional layer for cathode-supported, anode-supported and electrolyte-supported cells,
respectively. It can be seen that in all cell types, the amount of oxygen inside the cathode
decreases as the working cell voltage decreases. This shows that more oxygen is
consumed according to equation (2) in order to provide more current. It is also found that
the oxygen concentration through the cathode layer of a cathode-supported cell is lower
compared to the other two cell types. This reduction in oxygen concentration continues
until this value tends to zero at 0.92V. This is why the cathode-supported cell does not

reach a steady-state performance at voltages less than 0.92V.
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Fig. 5: Oxygen concentration distribution along a y-axis passing through the centre of the cathode
functional layer at voltages 1.1, 1, 0.92V and 773K: a) cathode-supported b) anode-supported c) electrolyte-

supported.

The low oxygen concentration within the cathode layer of the cathode-supported cell is
related to the difficulty of oxygen diffusion from the oxygen stream inside the chamber
through the relatively thick layer of cathode current collector in the presence of a lighter
hydrogen molecule. However, as shown, the anode- and electrolyte- supported cells

which have the same cathode functional and current collection layer thickness, reveal a



different oxygen concentration within the cathode functional layer. The minimum oxygen
concentration at the cathode functional layer of the anode-supported cell is 0.17 mol/m’ at
0.92V while this value for the electrolyte-supported cell is 0.02 mol/m’. This difference is
due to the better performance of the anode-supported cell compared to the electrolyte-
supported cell which is clear from Fig. 3 and results in a higher amount of oxygen

consumed according to equation (2).

Figs. 6a, 6b and 6¢ show the hydrogen concentration distribution at voltages 1.1, 1, 0.92V
and inlet cell temperature 773K along a y-axis passing through the centre of the cathode
functional layer for cathode-supported, anode-supported and electrolyte-supported cells,
respectively. It is clear that hydrogen can more easily diffuse to the functional layer of the
cathode-supported cell compared to the other two cells. Consequently, the hydrogen
which is not participating in the cathodic electrochemical reaction is accumulated. The
maximum of hydrogen concentration in this case reaches 15.22 mol/m’® while this value

for anode- and electrolyte- supported cells is 14.77 and 14.74 mol/m’, respectively.

Figs. 7a, 7b and 7c show the water concentration distribution at voltages 1.1, 1, 0.92V and
inlet cell temperature 773K along a y-axis passing through the centre of the cathode
functional layer for cathode-supported, anode-supported and electrolyte-supported cells,
respectively. A slight accumulation of water is observed in all cells, however, the amount of
water accumulation for the cathode-supported cell is about 10% greater than the value for

anode- and electrolyte-supported cells.
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Fig. 8: Maximum cell temperature distribution for each support types

Fig. 8 represents maximum cell temperature in each cell voltages for different support types
considered in this study. As expected, maximum cell temperature increases with decreasing
of cell voltage for all support types. This is due to more losses occur in lower cell voltages.
The changes in maximum cell temperature for both anode- and cathode-supported cell are the
same. However, anode-supported cell reveals more temperature gradient compare to
electrolyte-supported cell. For electrolyte-supported cell, the maximum cell temperature
value is about 774.5K at cell voltage 0.4V while this value for anode-supported cell is 776K

at the same working condition.

4.3.Time-dependent performance analysis



In this section the cell response to a negative step change in working voltage from 1V to 0.9V
is investigated. As the steady-state performance study in section 4.2 showed that the cathode-
supported cell does not reach to its steady-state performance at voltages less than 0.92V, this
specific negative step change was chosen. Fig. 9 shows the negative step change in working
voltage applied to the cathode-supported cell. This sudden change in voltage was introduced
at t=3s. Steady-state simulation results at 1V served as an initial solution for the time
dependent study. Since the steady-state study of the cells revealed a slight temperature
gradient within the cell, the energy equation was not solved in the time dependent study and
all temperature gradients obtained in the steady-state study stage were retained to save

computing time.

Fig. 9: The negative step change in working voltage applied to cells from 1V to 0.9V.

Fig. 10 depicts the current density response of the cathode-supported cell to a negative step
change in voltage from 1 to 0.9V at t=3s. The plot shows an initial jump in current density
from 0.022 to 0.035 A/cm’. This value remains constant for only about 20ms after the step

change
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Fig. 11: Oxygen concentration distribution along a y-axis passing through the centre of the cathode functional
layer as the response of the cathode-supported cell to a negative step change in voltage from 1 to 0.9V att=

3s.

in voltage is introduced. After that the current density decreases. By plotting the oxygen

distribution along a y-axis passing through the centre of the cathode functional layer, the



response of the cathode-supported cell to this step change in Fig. 11, it was found that this
reduction in current density value occurring after 20ms is due to the consumption of all

oxygen present at the cathode layer.

5. Conclusion

The numerical investigation of a planar single chamber solid oxide fuel cell with a focus on
the support types has been reported. The steady-state study of the cells revealed the better
performance of the anode-supported cell compared to the electrolyte-supported cell where the
maximum power density produced by the anode-supported cell was about double of the
maximum power density generated by electrolyte-supported cell. This was due to the ohmic
losses which are proportional to the electrolyte thickness. Also, the cathode-supported cell
showed a similar performance to the anode-supported cell at voltages above 0.92V but after
that the cell did not achieve steady-state performance due to lack of oxygen at the cathode
layer. Our transient performance study on the cathode-supported cell showed that the amount
of oxygen at the cathode layer was consumed within 20ms after introducing the negative

voltage step from 1 to 0.9V.
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