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Thermal management of high-temperature solid oxide fuel cells (HT-SOFCs) is very
important especially in long-term applications. Anode and cathode channels geometry
plays a key factor on thermal behavior of SOFCs. In this study, different schemes of gas
flow cross-sectional channels are examined and compared. The study procedure is
considered in two steps. First, a comparison between different rectangular cross sections
gas channels with different aspect ratios is carried out and then, the scheme having less
temperature gradient as a base case for second step to examine with the other two shapes
including triangular and semicircular geometries in this study with the aim of improving
temperature uniformity. For this purpose, the validated CFD code used for solving fully-
coupled mass, continuity, momentum, charge and energy transport equations in three
dimensions under steady state conditions. Results show that wider cathode channel and
narrower anode channel when using rectangular electrode channels are more suitable in
long-term applications. Furthermore, rectangular and triangular geometries, in comparison
with the semicircular one, are preferred. Eventually, to fulfill the channel geometry effect

on the cell thermal behavior, the parametric study is performed.

1. INTRODUCTION

Running out of conventional fuel resources such as fossil
fuels is a challenge to supply required energy sources recently
[1]. Plus, using these types of fuels rises the production of
greenhouse gases and is also the most relevant reason of the
observed climate change since the mid-20th century [2]. To
decrease today's dependency on fossil fuels, intensive research
has been conducted on the development of fuel cell systems as
an alternative energy resource [3]. Among these, solid oxide
fuel cells (SOFCs) as a high temperature fuel cells have
received much more attention due to their special advantages
such as high electrical efficiency [4]. However, this high
operational temperature of SOFCs brings some challenges that
need to be overcome [4]. For this purpose, research efforts
have been made to reduce this operational temperature range
while maintaining the cell performance high [4]. Research
works in this area can be divided into two categories,
experimental and numerical studies. Experimental works in
these recent years have been mostly focused on the fabrication
methods and new materials for SOFCs components [5-10].
Besides experimental studies provide many valuable data, but
they are costly, time consuming, limited and in some cases
impossible. Accessing detailed internal data such as
temperature, velocity, current and molar concentration of the
gaseous species throughout the cell necessitates the use of
numerical tools. Especially, when minimizing thermal stresses
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that occur in the cell because of difference in the thermal
expansion coefficient in the PEN is the target. With recent
numerical studies focusing on gas flow channel design, Gong
et al. [11] proposed a novel rotary L-type gas flow for SOFC
showing at least 40% more uniformity index leading to better
control of the thermal stress of the SOFC. Another affecting
factor on thermal management of SOFCs is interconnect
design. Kim et al. [12] reported a new interconnect geometry
for a 1-kW planar SOFC stack and examined the effects of its
design variables on internal thermal conditions via a three-
dimensional thermo-fluid simulation. Their result revealed a
50°C decrease in the vertical temperature difference. Quach et
al. [13] proposed a novel interconnector design using a three-
dimensional model to reduce the temperature difference by
40% in an ammonia-fueled planar SOFC stack. Another way
to overcome large temperature gradients occurring in the cell
is to insert an obstacle in the channels. Chellehbari et al. [14]
worked on a new gas channel design with different number,
cross section and size of obstacles effects on a planar SOFC
performance. Their three-dimensional finite element method-
based revealed that increasing the number of obstacles and
considering rectangular cross section compared to trapezoid
and triangular cross section, improved the cell performance.
Also, flow arrangement design is the other applicable solution
to improve the temperature uniformity. Kong et al. [15]
worked on improving the planar SOFC performance by
introducing a new design of interconnector called X-type
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interconnect. Their finding indicated that with the new design,
the performance improved in comparison to the conventional
cells. Moreno-Blanco et al. [16] analyzed the way channel-
electrode interface area affects. The planar SOFC
performance. They showed that channel width and numbers in
a co-flow pattern directly affected the cell efficiency. In a very
recent work, Aghaei et al. [17] examined the effect of gas flow
channel geometry on dynamic response of a planar solid oxide
fuel cell to a step difference in the cell voltage. Their study
was more focused on the cell performance instead of thermal
management. Furthermore, the interconnector domains were
disregarded in their three-dimensional model. Wang et al. [18]
reported that considering the interconnect in the numerical
model was essential. While SOFCs in planar geometry
compared to other types produce much more power density,
they are exposed more to thermal stresses especially within
PEN layers. In another recent work, Fan et al. [19] estimated
the pitch width and rib width alternation of the anode and
cathode channels effect on the output power density produced,
temperature and concentration distributions of an anode-
supported planar SOFC stack using a three-dimensional
model. They found out that the cell performance can be
improved by using narrower channels and this effect was more
significant at cathode channels. However, they did not work
on temperature gradients that occur within the cell which is
very important in durability of long-term applications and non-
rectangular cross-sections were not considered. Lee et al. [20]
argued on the role of the distribution of temperature on the

SOFCs efficiency for different channel designs in a high
current density region. Three flow patterns including co-,
counter- and cross-flow were compared. They claimed that the
counter-flow configuration was the best scheme around high
current density ranges. Although all these studies provide
valuable data in controlling thermal gradients, examining the
channel geometry variations (including both shapes and aspect
ratios of rectangular shapes which are more common in planar
type of SOFCs) in thermal management is missing.

There have been some numerical approaches in the previous
studies working on thermal stresses occurring in the cell [21-
26]. All these studies confirm that there is an urgency for the
SOFC in planar shape to control the temperature gradient in
the cell and remove the hot spot that occurs inside the cell. It
is only in this situation that its long-term operation durability
can be guaranteed. Therefore, the current study focuses on
thermal management of a planar hydrogen-fueled anode-
supported SOFC. This study is performed in two steps: step 1
involves the examination of changes in aspect ratio in
rectangular cross-section of anode and cathode channels
effects on temperature uniformity throughout the cell layers.
Then the scheme showing the worst temperature uniformity is
chosen to examine whether it can be modified by changing the
cross-section or not. To have more logical comparison, all
alterations take place in a constant cross-sectional area.

2. PROBLEM STATEMENT

Computational domain
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Interconnector
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Anode backing layer
Interconnector
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Figure 1. (a) A planar SOFC schematic with a row of the counter-flow channels (b) Aspect ratio of the different rectangular
cross-sections considered in this study (c) comparison of the different shapes located as flow channels

Prediction of the thermal behavior of a single planar SOFC
under steady state conditions was done using a 3D numerical
model. In order to examine just shape of channel cross-
sections, the fluid flow arrangement is fixed as counter-flow
in all cases. The counter-flow arrangement is opted because its
electric performance and temperature uniformity are better
than co-flow arrangement [20, 27]. However, the gradient of
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temperature in the counter-flow arrangement is much higher
[11]. Figure 1 depicts the schematic of the single planar SOFC
with counter-flow arrangement. As shown, a row of flow
channels is used to transport fuel and oxidant gaseous species
toward the cell layers. Considering the geometric symmetry,
the cell with only one pair of channels constructs the
computational domain of this study. It involves two



interconnectors, two cathode and anode backing layers, two

cathode and anode active layers and electrolyte layer. In

addition to these seven domains, two separate channels enable

fuel and oxidant transport to the active layers. The typical

materials for SOFCs noted by Zhang et al. [28] are regarded.

The geometrical parameters for this model are listed in Table

1. To apply different shapes of rectangular cross-section in

anode and cathode channels, the aspect ratio (AR) is defined

as width-to-height ratio for each anode and cathode channel.

To reduce the problem complication, the following

simplifications are regarded:

*  Steady state conditions.

*  Flow is incompressible and laminar.

*  Ideal behavior of gases and mixtures is assumed.

*  Stokes-Brinkman’s assumption is applied to porous
media flow.

*  The thermal diffusion is disregarded.

*  Thermal balance is considered among solid and fluid
particles in porous media.

*  The electrolyte is fully impermeable.

*  Gravity effects are ignored.

Table 1. Geometrical parameters

Description Symbol Value

Cell length Leen 10 [em]
Cell width Weell 2.5 [mm]
Interconnectors height Hint 1.2 [mm]
Anode backing layer thickness ta 400 [um]
Anode active layer thickness tac 15 [um]
Electrolyte thickness te 10 [pum]
Thickness of cathode current collector te 50 [um]
Thickness of cathode functional layer tec 20 [um]

With these assumptions, governing equations namely mass,
momentum, charges (ion and electron) and energy coupled
with the electrochemical relationships are formulated as
follows:

2.1 Mass and momentum conservation

The equation of continuity for incompressible fluids is as
follows [29]:

V.(pu)=0, (1)

where, p and u represent the mixture density and velocity
vector, respectively. Qm is the mass source term due to
electrochemical reactions. Its value is equal to zero except at
active layers. In hydrogen-fueled SOFCs, two common
electrochemical reactions are happened at electrode active
layers [30]:

 Oxidation of hydrogen occurring at anode active layer:

H,+07? - H,0+2¢ )
* Oxygen reduction occurring at cathode active layer:
0, +2¢ 07 3)

Eq. (4) represents the stationary free and porous media flow
transport equation for an incompressible flow using Darcy’s
law [31, 32]:

1531

2u

3¢

V.(— pl+E(vas(Vu)' |- (V.u)]j @)

B
M
+pg—| = |[u+F

p-(£]

where, u indicates the fluid dynamic viscosity, ¥ and ¢
represent permeability and porosity, respectively, and F shows
the volume force exerted on the fluid. Using Stokes-
Brinkman’s assumption in porous layers, the inertial part
((u.V)u/e) in porous flow is neglected. However, in channel
flow, porosity € is considered to be 1, and permeability « is
regarded as infinite. Note that as electrolyte dense layer is
sandwiched between anode and cathode sides, two separate
flows are created. Also, these equations are disabled in
electrolyte layer. The dynamic viscosity, uy, is calculated by
[33].

Hy = Zx/‘ﬂf (5)

where, u; represents the dynamic viscosity of the jth species
and x; indicates its mole fraction.

2.2 Species transport

The equation of species transport for each species is [34]:
V.j+p(uV)w =R (6)

where, j; and w; show the relative mass flux vector and the
mass fraction of the ith species, respectively, and R; indicates
the source term representing the mass consumption or
production of the ith species. Using the Maxwell-Stefan
diffusion model, we have [35]:

Ji ==pa, ) Dyd, 7
k

where, Dj and d; refer to the multicomponent Fick’s

diffusivities and the diffusional driving force, respectively,

which is the former can be obtained in m?/s using Fueller,

Schettler and Giddings relation [36].

D, =1.013x

10777 [MLJFML]% /(p(v,-% inve )ZJ
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®)

where, T and p are the absolute temperature and pressure in K
and Pa, respectively, M;is the molecular weight in g/mol and
v; is the molecular diffusion volume in cm?*/mol. The values of
v; for different species are tabulated by Taylor and Krishna
[34]. The multicomponent Fick’s diffusivities are modified to
take resistance to mass transfer in electrodes into account [37].

o =(%)

where, 7 represents the tortuosity.
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2.3 Charge conservation

Based on Ohm’s law, ion and electron conservation
equations are formulated as [38]:

_V'(O-ev¢e):je (10)

ACATIEY (11)
where, @, and @; refer to the electric and ionic potential and
o. and o; refer to the electronic and ionic conductivity,
respectively. For obtaining electronic and ionic conductivity
in electrodes, the porous structural dependency factors should
be accounted. For this, readers are referred to the studies of
Andersson et al. [39, 40].

Jje and j; in Egs. (10) and (11) represent electrical and ionic
charge sink or source terms, respectively, which are limited to
the cathode and anode catalyst layers. According to
electrochemical equations occurring within the cell, electrons
and ions are generated in the anode and cathode, respectively.
In this study, the activation-controlled Butler-Volmer equation
is used for electrochemical relationship modelling [41].

A _exp(naaFnact.a /RMT)
o 12
Jia = "Jea = Aadoa —ep(-n(1-a,)Fn,,,/RT) "

) _exp(naaF Nucra ! RT )
4 13
]1,:1 ‘]‘*” a]O.a __e-xp(_n(l - aa )Fnact.a / RUT)_ ( )

where, F refers to Faraday’s constant, a refers to the anodic
and cathodic transfer coefficient, A refers to the active specific
surface area, and 7, represents the activation overpotential.
The “a” and “c” indices in the above formulas refer to the
anode and cathode sides. The activation overpotentials are
obtained by [42]:

77{16[.[1 = ¢E‘*¢i

nact_c = ¢ef¢i - Voc

(14)

(15)

where, ¥V, refers to the open circuit voltage estimated by [42]:

|

In Egs. (12) and (13), jo refers to the exchange current
density which is dependent to the total pressure.

Note that ion transfer physics is valid for electrolyte and
active layers of anode and cathode domains, whilst electron
transfer physics is active for both electrode active layers, and
the anode substrate and cathode current collection layers.

V., =1317-2.769x107*T

16
+RMT/2Fln(pH2,pOyZ2 /szoaprlé. (16)

2.4 Energy conservation

The energy conservation for the entire geometry under
steady state conditions is explained as follows [33].

V.(pCuT—kVT)=Q (17)

where, k refers to the thermal conductivity, C, refers to the
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specific heat, and Q refers to the heat source caused by ion and
electron transport resistance, reversible and irreversible heat
generation. To take into account electrode porosity, the
effective relationship is employed for specific heat capacity
(pCp) and heat conduction coefficient (k) using the heat
equilibrium [33].

(pC,),, =¢(pC,), +(1=2)(pC, ), (18)

k

o = ek +(1-2)k,

(19)

where, “f” and “s” refer to fluid and solid phases, respectively.
Considering fluid conductivity and specific heat, we have.

k,,=20,C,, (20)
J

ky = Z’?/kj (1)
J

where, w and x refer to mass and mole fraction, respectively
and k; and G, refer to the conductivity and specific heat for
each gas species, respectively.

2.5 Boundary conditions

To fulfil the mathematical modelling, it was needed to
determine the boundary conditions. The Dirichlet and
Neumann boundary conditions were used.

Pressure, temperature and mole fractions were known at the
inlet of the channel. At the channel side walls, thermal
insulation and no slip (u = 0) boundary conditions were
exposed for heat transfer and fluid flow physics, respectively,
and also for the physics of species transport. The pressure and
the total pressure at the outlet were the same and conduction
heat transfer compared to convection term was negligible. In
the same way, the diffusion part in the transport of species
transport physic was negligible. Working cell and zero
voltages were employed at the cathode-interconnector and
anode-interconnector intersections, respectively. Since the
electrolyte layer was only impermeable to electron transport
and also no electrons can transport to the channels, the
insulated boundary condition was used for electronic current
distribution equations at all exterior boundaries of the
electrolyte domain and electrode-channels intersections. In
addition, given that the electrochemical reactions take place in
the active layers, the insulation boundary condition was
utilized. The continuity boundary condition was assumed for
the remaining boundary conditions.

3. NUMERICAL SOLUTION PROCEDURE

A three-dimensional FEM-based method CFD home-made
code was used to solve the linear and non-linear governing
equations developed in previous section. The detailed solution
algorithm is depicted in Figure 2. A triangular mesh type was
selected. In meshing process, first yz surface was meshed as
shown in Figure 3 then it was swept along with x direction.
The number of elements was changed for each case. However,
the maximum total number of elements among all cases was
842356. To stabilize the numerical solution procedure, the
mesh refinement was tuned so that finer meshes existed in



active layers where more equations should be solved. The total
solution time was in the range of 1 hr to 2 hr on a dual 3GHz
Intel Xeon each with 64 GB memory.
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Figure 2. Solution algorithm in simulation
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Figure 3. (a) Mesh geometry, (b) Mesh distribution in active
layers (yz view)

4. RESULTS AND DISCUSSION

To prove the current model data precision, the solution
output should be validated. For this aim, the current model
outputs are compared to the data reported by Zhang et al. [28]
and are shown in Figure 4. Note that all thermo-physical and
geometrical data are kept the same as in the study of Zhang et
al. [28]. The input data are listed in Table 2. The temperature
distribution in the direction of fluid flow in the active anode
layer is considered for validation task where all physics occur
and are coupled. For this comparison, the R? value indicating
the deviation amount between two different studies is obtained
by 0.99584 which is extremely close to one, showing that the
current study has sufficient agreement with the data developed
by Zhang et al. [28].

Figure 5 shows the normalized temperature difference
(NTD) at the cell voltage of 0.7 V using geometrical
parameters given in Table 1 within the anode-electrolyte
intersection. The NTD value is defined as [11]:

v T- average
7T e 22
1090
1080 F
1070
1060 } by
1050 F
1040 }
= 1030 b ===« Zhang's Data
1020 Current study
1010
1000 f f : f f i
0 0.016 0.032 0.048 0.064 0.08 0.096

x [m]

Figure 4. The comparison between current study and
Zhang’s data [28]

Normalized Temperature Difference

Figure 5. The normalized temperature difference (NTD) at
the cell voltage of 0.7 V using geometrical parameters given
in Table 1 within the anode-electrolyte intersection



Table 2. Thermo-physical parameters used in this study

Description Symbol Value
Total pressure Prot 1 [atm]
Operating temperature Tin 1000 [K]
Cell voltage Veelr 0.7 [V]
Hydrogen inlet mole fraction  Xp, in 0.9[1]
Oxygen inlet mole fraction x,;, 0.21[1]
Pressure loss at anode channel AP, 3000 [Pa]
Pressure loss at cathode
channel Afe 75 [Pa]
Anode and cathode porosity & 0.3
Cathode specific heat Ce 430 [J/kg.K]
Anode specific heat Cq 450 [J/kg.K]
Electrolyte specific heat Ce 470 [J/kg.K]
Cathode conductivity ke 6 [W/m.K]
Anode conductivity ka 11 [W/m.K]
Electrolyte conductivity ke 2.7 [W/mK]
Cathode density Pe 3030 [m?/kg]
Anode density Pa 3310 [m?/kg]
Electrolyte density De 5160 [m*/kg]
H, dvnamic viscosi 6.1621106+1.145 11037
24y ty K, [Pa.s]
i10-6 i10-8
H>0 dynamic viscosity UH,0 4'567110[;382]09 o r
0, dvnamic viscosit 1.668110°+3.108 {107
24y y Ko, [Pa.s]
i10-5 i10-8
N2 dynamic viscosity Un, 1'435110[;212 g6]42 Hno™r
- 0.08525+2.964 {107
H: conductivity ky, [W/m.K]
- 0.01430+9.782 {1057
H20 conductivity kn,o [W/mK]
iy 0.01569+5.69 110-°T
02 conductivity ko, [W/mK]
- 0.01258+5.444 {10°5T
N2 conductivity ky, [W/m.K]
Ha specific heat Ch, 13960 +0.95T [J/kg.K]
H-0 specific heat Ch,o 16392 +0.6417 [J/kgK]
Oz specific heat Co,  876.80+0.217T [J/kg.K]
N2 specific heat Cy 935.6 +0.2327 [J/kg K]

As shown in Figure 5, the maximum NTD value occurs
nearly at the middle of the cell but a little towards the cathode
channel outlet. It is due to a large amount of pressure loss
applied between inlet and outlet of cathode channel, leading to
enlarge convection heat transfer coefficient at cathode channel
and so the maximum point is moved towards the cathode
channel outlet. The larger amount of pressure loss at cathode
channel side compared to anode channel side is because of
supplying sufficient oxygen at cathode active layer. It is also
found out that the temperature distribution throughout the cell
is not varied with y direction which is in agreement with Gong
et al.’s study [11]. Therefore, the temperature variable is the
function of x at a specified z and T-x plots can be considered
for the aim of comparison of different cases.

Figure 6 shows the effect of the rectangular cross section of
electrode channels aspect ratio on the temperature profile
along with flow direction based on a x-line crossing the center
of the active anode at 0.7 V. AAR and CAR in this figure
denote for the aspect ratio of anode and cathode rectangular
cross sections, respectively. It is worth mentioning that to
consider only geometrical effects of anode and cathode
channels, the area of cross sections in all cases is constant as 1
mm?. As can be seen, the higher temperature is obtained with
narrowing the cross section of channels so that the cell with
channels of AAR =4 and CAR = 4 reveals more temperature
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gradient and, in this case, the temperature changes from 1000
K to about 1030 K discovering a 30 K temperature difference
while this value for the case of AAR =1 and CAR =1 is about
20 K, showing an about 33% decrease. However, narrowing at
cathode channel side is obviously more effective in growing
the temperature profile. However, Figure 7 discovers that
varying the AAR value has more impact on the cell power
density so that the maximum AAR value happens in narrow
anode channel. Considering both maximum temperature and
power density, the case with AAR =4 and CAR = 1 reveals
best performance while keeping the cell in lower temperature
gradients.

1030 +
1024 +
1018
= AAR=1, CAR=1
AAR=1, CAR=2
1012 ¢ AAR=1, CAR=4
/ — - - AAR=2, CAR=1
A AAR=2 , CAR=2
1006 + AAR=2 , CAR=4
AAR=4 , CAR=1
AAR=4 , CAR=2
1000 AAR=4 , CAR=4 |
0 0.02 0.04 0.06 0.08 0.1
x [m]

Figure 6. Temperature profile along with flow direction in
the middle of active anode for different aspect ratios of
rectangular cross sections anode and cathode channels at cell
voltage of 0.7 V
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Figure 7. Maximum cell temperature and power density
values for different anode and cathode channels aspect ratios
at cell voltage of 0.7 V

Figures 8(a)-(c) depict a comparison between different
geometries including rectangular (with AAR =4 and CAR =
1), triangular and semicircular in the cell performance and
thermal behavior. As can be seen from Figure §(a), a similar
maximum temperature of 1025 K is achieved in these three
geometries, however, the semicircular case produces the
lowest power density of 1593 W/m2 The power density



produced by the triangular and the rectangular cases are 1610
and 1608 W/m? respectively, showing nearly the same value.
The temperature profile along with the flow direction for three
various geometries is presented in Figure 8(b). It is obvious
that a similar temperature profile is observed for both
triangular and rectangular geometries, touching the maximum
point of 1026 K at location of x = 0.037 m. This value for the
semicircular case is 1021 K, showing a 5 K decrease. Figure
8c presents the highest temperature difference in the cell with
the current density of 200-2300 A/m? The maximum
temperature difference in both semicircular and triangular
geometries is a little higher compared to the rectangular one
which is the greatest amount, showing a 5.2% decrease.
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T [K]
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— = =Rectangular
Triangular
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1006

1000
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% 15 7
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0 T r r r
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Figure 8. Comparison of different geometries of channels
effect: (a) the cell power density and maximum temperature,
(b) temperature profile along with flow, (c) the cell
maximum temperature difference

Figure 9 shows the pressure distribution in the middle of
active anode at cell voltage of 0.7 V for different channel
shapes. As can be seen, semicircular and triangular shapes
show the same behaviour, however, rectangular shape shows
a slight increase compared to the other two shapes.

80

0§ K
6() -+
SO -+

P [Pa]

-------- Rectangular
20 ¥ | = = =Triangular
Semicircular

0 0.02 0.04 0.06 0.08 0.1
X [m]

Figure 9. The pressure distribution in the middle of active
anode at cell voltage of 0.7 V for different channel shapes

4.1 Parametric study
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Figure 10. The cell voltage effect on the temperature
changes for various channel shapes: (a) rectangular shape, (b)
triangular shape, (c) semicircular shape

In this section, how the variations in the operating
temperature, the inlet velocity and the cell voltage affect the
temperature gradient inside the cell is investigated. Figure 10
depicts the cell voltage changes on temperature differences
occurring in the middle of the anode active layer. As can be
seen, the channels with rectangular shape show lower
temperature gradient compared to the other two shapes. It is
surprising that changing the voltage value from 0.6 to 0.5 V in
the rectangular channel shape does not alter the temperature
gradient profile significantly. However, this voltage change
increases the maximum temperature difference from nearly 45
to 75 K in both triangular and semicircular shapes.
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Figure 11. The inlet velocity effect on the temperature
changes or various channel shapes: (a) rectangular shape, (b)
triangular shape, (c) semicircular shape

The inlet velocity effect on temperature difference
occurring in the middle of the anode active layer is shown in
Figure 11. To summarize the data presentation, as the velocity
value in cathode channel is higher than this value in anode
channel for reaching sufficient oxygen to the cathode
functional layer, the cathode inlet velocity effect is examined.
As shown, changing the inlet velocity discovers the same
temperature gradient for all channel shapes. Furthermore,
increasing the inlet velocity, decreases the temperature due to
improving convection heat transfer in all cases. In fact,
increasing the velocity value leads to transferring more heat
produced within the cell.
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Figure 12. The operating temperature effect on the
temperature changes for various channel shapes: (a)
rectangular shape, (b) triangular shape, (c) semicircular shape

Finally, the operating temperature effect on temperature
difference occurring in the middle of the anode active layer is
shown in Figure 12. Results reveal that the rectangular shape
presents more obstacles in the operating temperature changes
considering the temperature gradient values compared to the
two other shapes. The maximum temperature gradient for the
rectangular shape is about 40 K in operating temperature of
1050 K, however, this value for both the triangular and the
semicircular shapes is about 45 K.

5. CONCLUSION

A three-dimensional, FEM method based, is applied to be
able to evaluate different shapes of anode and cathode
channels cross sections in 1 mm 2 channels cross section area.
Results show that narrowing the anode channel and widening
the cathode channel in rectangular cross section cases increase
the cell power density and decrease the temperature gradients
which is more suitable in long-term operations. Finally,
different geometries including rectangular, triangular and
semicircular for the channels are examined to compare the cell
performance and thermal gradient values. It is realized that by
changing the channel geometries, almost the same thermal
behavior is achieved. However, the semicircular case gives out
less power density compared to the other two geometries and
triangular geometry case produces the best performance. Thus,
in the long-term applications of the planar SOFCs, the
triangular and rectangular geometries for the anode and
cathode channels are suggested. However, in the case of
rectangular geometry, the aspect ratio should be tuned so that
the narrower anode channel and wider cathode channel are
preferred. Eventually, the parametric study revealed that the
rectangular shape results in a lower temperature gradient in the
variations of the cell voltage and the operating temperature
situations compared to the triangular and the semicircular
shapes. But, the inlet velocity values have the effect on the
temperature gradient for all channel shapes.
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surface area per volume (m?.m)
isobaric specific heat (J.kg'. K™
diffusional driving force (m™)
multicomponent Fick’s diffusivity (m?2.s™)
Faraday’s constant (C.mol™")

volume force (N.m)

gravity acceleration (m.s?)

singular matrix (1)

Height (m)

volumetric charge source term (A.m)
mass flux vector (kg.m?2.s")

thermal conductivity (W.m™ K1)

cell length (m)

molecular weight (kg.mol ")

number of electrons (1)

pressure (Pa)
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Q energy source term (W.m™)
Qm  mass source term (kg.m>.s")
Ri ith mass source term (kg.m>.s")
Ru universal gas constant (J.mol'.K'")
t thickness (m)

T absolute temperature (K)

u velocity vector (m.s™!)

X mole fraction (1)

W cell width (m)

Greek symbols

o conductivity (S. m™)

T tortuosity of porous media (1)
0] voltage (V)

W mass fraction (1)

o conductivity (S.m-1)
Subscripts

a anode

ac anode catalyst layer

act activation

av average

c cathode

cc cathode catalyst layer

cell cell

e electrolyte

eff effective

el electronic

f fluid

in inlet

io ionic

int interconnect

j jth gaseous species

max  maximum

ocC open circuit

s solid

tot total





