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Abstract 
The All Porous Solid Oxide Fuel Cell (AP-SOFC) is a concept that links the dual and single chamber Solid Oxide Fuel 
Cell (SOFC), combining advantages of both. The AP-SOFC does not need any sealant and crack generation in its 
electrolyte component does not terminate cell operation. In this study, the performance of a hydrogen-fuelled co flow 
planar AP-SOFC is investigated numerically for the first time. Governing equations include species, mass, momentum, 
charge and energy solved fully-couple with electrochemical equations. Due to lack of study on hydrogen-fuelled AP-
SOFC, first the performance of a conventional hydrogen-fuelled SOFC is modeled and the results are compared with 
experimental results for the validation purpose, then changes in the model are made to apply the electrolyte porosity. 
Results show a 29% decline in maximum power density produced by the AP-SOFC compared to its conventional scheme 
with the same inputs.  The main reason for this reduction in the cell performance is mostly the flow leakage of oxygen 
from the near air channel inlet to the fuel channel side. This leakage leads to displace the maximum cell temperature 
point. 
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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 at high temperatures between 500 and 950oC [7]. 
These  high operating temperatures have both 
advantages and disadvantages. On one hand, above 
650°C they enable direct internal reforming of simple 
hydrocarbons at the anode as well as the fuel flexibility 
of using hydrogen, carbon monoxide and simple 
hydrocarbon fuels in one and the same device, on the 
other hand they can lead to thermal stresses, especially 
during thermal cycling, that might lead to crack 
formation within SOFC components [8].The high 
operating temperature also gives rise to increased 
materials degradation, as far as this is thermally 
activated [9-12]. In dual chamber SOFCs, the strict 
separation of fuel and oxidant is a key requirement [13], 
with the need for reliable sealing between the electrode 
compartments [14]. One applicable way to simplify the 
cell structure is to use a single chamber instead of two 
fully separated chambers and expose a uniform mixture 
of fuel and oxidant gases on both the anode and cathode 
simultaneously. This simplified design is titled as 
single chamber solid oxide fuel cell (SC-SOFC) and 
was demonstrated by Hibino and Iwahara for the first 
time in 1993 [15].  

SC-SOFCs, compared to conventional SOFCs, 

bring some advantages including lower weight as well 
as smaller volume (specially with the planar type) and 
also remove the need for complex sealants. Thus, the 
manufacturing process is potentially more cost -
effective. However, the presence of ‘spectator’ species 
at the two functional layers of SC-SOFCs (for example 
transport of hydrogen to the cathode functional layer 
with no chemical interaction) leads to very low 
performance compared to conventional SOFCs [16] 
due to reactant dilution. A number of studies on SC-
SOFC have been performed using numerical 
approaches and published in [2, 9, 12-27] in order to 
enhance this low performance. Reported SC-SOFC 
performances show that high power density and high 
fuel efficiency cannot be achieved simultaneously in an 
SC-SOFC. This is due to flammability and flow pattern 
issues. Among these studies, Kamvar et al. [2] 
performed a comparison study between different anode 
and cathode configurations on SC-SOFC. Their results 
revealed that the Ohmic losses played a key role in cell 
performance improvement. Kamvar et. al. in their 
recent work [16] numerically investigated the effect of 
different support types on the cell performance. Their 
results showed that the anode-supported scheme 
revealed the best performance compared to the other 
two support types. They also reported that lack of 
oxygen at the cathode side of a cathode-supported cell 
was an obstacle that limited the cell performance 
around open circuit voltage conditions., Many useful 
reports have been published in the area of the dual 
chamber SOFCs. However, a number of novel 
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numerical studies have been recently performed in the 
SOFC area. Kong et. al. [28] proposed a novel 
interconnector design named X-type interconnect. 
Their numerical results showed that the cell with this 
novel design presented better performance compared to 
the cell with conventional interconnect. Schluckner et. 
al. [29] studied 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 way of varying the 
electrical contact positions. Moreno-Blanco et. al. [30] 
numerically studied the effect of the channel-electrode 
interface area on the performance of planar SOFC. 
They found that the size (width) and number of 
channels in a co-flow arrangement had a direct effect 
on the cell performance. 

Guo et al. [31] successfully designed a novel 
concept of dual chamber SOFC technology with porous 
electrolyte named All Porous Solid Oxide Fuel Cell 
(AP-SOFC) which forms a link between dual and single 
chamber SOFCs. Their cell used methane fuel without 
any external reformer or steam addition. The porous 
structure of the electrolyte allowed gaseous species 
transport through the electrolyte. Therefore, the 
presence of cracks in the electrolyte or sealant failure 
are of no concern in AP-SOFCs and fuel-oxygen 
concentration management is performed easily to keep 
the system away from the risk of explosion. 

Recently, Xu et. al. [32] developed numerical 
models for button AP-SOFC as presented in Guo’s et al 
experimental study. Their results focused on electrolyte 
porosity optimisation to control the oxygen transport to 
the anode to prevent the risk of simple combustion (and 
explosion) as well as methane coking and carbon 
deposition in the anode which would considerably 
reduce the cell performance. Xu et. al. in their other 
study [33] investigated the thermal effects in AP-
SOFC. They conducted parametric studies for various 
operating parameters such as voltage, inlet gas 
temperature and different cell structures to optimise the 
cell performance. 

The aim of this study is to present a numerical 
model of a planar hydrogen-fuelled AP-SOFC to be 
able to evaluate the flow leakage content and position 
occurring within the cell and its effect on the cell 
performance for the first time. Using hydrogen as fuel 
brings advantages including: i) avoiding coking 
problems, and ii) it simplifies the overall anode 
chemistry. However, the leakage flow from within the 
porous electrolyte can decline the cell performance. 

2. Problem Definition

A 2D numerical steady state condition model was used 
to predict the performance of a planar AP-SOFC. In the 
planar type of AP-SOFC, the porous electrolyte is 
sandwiched between two porous electrodes. As shown 
in Figure 1, two fully separated chambers are used to 
feed fuel and oxidant individually and the porous 

structure of the electrolyte allows the gaseous species 
transport from anode to cathode and vice versa. The cell 
consists of five layers; an anode current collecting layer 
made of nickel (Ni), an anode functional layer made of 
a cermet of nickel with yttria-stabilised zirconia 
(50%Ni-50%YSZ), a porous electrolyte of YSZ, a 
cathode functional layer made of a composite of YSZ 
and lanthanum strontium manganite (50%YSZ-
50%LSM), and a cathode current collection layer of 
pure LSM.  To present a more realistic prediction of the 
cell performance, all geometrical, micro-structural and 
thermo-physical parameters of the current cell follow 
the experimental base case reported by Timurkutluk et 
al. [34]. The geometrical data of the model considered 
in this study are tabulated in Table 1. A 0.3 electrolyte 
layer porosity is applied to the AP-SOFC scheme. 

Figure 1. (a) Schematic illustration of a single cell 
of planar-type AP-SOFC, (b) cross-section of 

planar-type AP-SOFC representing the 
computational domain (detailed “A”) 

Table1. Geometrical data 
Description Symbol Value 

Channel length Lch 10 [mm] 

Channel height Hch 0.5 [mm] 

Anode current collecting layer 
thickness 

ta 50 [μm] 

Anode functional layer thickness taf 20 [μm] 

Electrolyte thickness te 50 [μm] 

Cathode current collector 
thickness 

tc 50 [μm] 

Cathode functional layer thickness tcf 20 [μm] 

3. Results and Discussion

The governing equations were solved through finite 
element analysis in the commercial software COMSOL 
MULTIPHYSICS®. A triangular mesh was opted. The 
mesh distribution was such that more elements were 
concentrated in the functional layers where more 
calculation volume existed.  

In order to show the accuracy of the model results, 
a validation was performed. Due to lack of 
experimental data in the area of AP-SOFC with 
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hydrogen fuel, the results were compared to 
experimental data provided by Timurkutluk et al. [34] 
for a dual chamber SOFC using hydrogen as a fuel. The 
base cell of their study consisted of Ni/YSZ/LSF 
materials for anode/electrolyte/cathode layers 
respectively, at 750oC operating temperature, where 
this temperature is maintained as inlet temperature in 
current modelling work. 

In this section, a comprehensive analysis of the 
steady state performance of an all-porous solid oxide 
fuel cell with hydrogen fuel is examined for the first 
time. In order to have more realistic cell performance, 
all input parameters used in the validation section are 
maintained. 

Results include the polarization plot of the AP-
SOFC with hydrogen fuel, the x-component total flux 
of the hydrogen and water gas components on the axis 
passing through the interface between the electrolyte 
and the cathode electrode and the x-component total 
flux of the oxygen gas component through the interface 
between the electrolyte and the anode electrode, 
distribution of x component velocity of gas mixture and 
temperature contours.  

4. Conclusions

The performance analysis of an all-porous solid oxide 
fuel cell with hydrogen fuel was performed using a two-
dimensional numerical model based on the finite 
element method and focusing on the study of the fluid 
flow inside the cell layers. The results showed that the 
maximum power density produced by the all-porous 
cell was 2540 W/m2, which showed a 29% decrease 
compared to the conventional solid oxide fuel cell with 
the same input. Comparing the distribution of the x 
component of the total flux of different gas components 
on the interface between the electrolyte and the anode 
electrode, it was observed that the oxygen gas 
component had more diffusion and leakage compared 
to the other two gas components. This leakage occurred 
mostly near the cathode chamber inlet from cathode 
side to anode side. The velocity distribution between 
the anode and cathode channels showed that in none of 
these channels the fluid flow reached a fully developed 
state and the fluid velocity in the anode channel was 
11.4 % higher compared to the cathode channel due to 
gas leakage (Especially near the cell inlet from the 
cathode electrode to the anode electrode). Comparison 
of temperature contour between conventional and all-
porous solid oxide fuel cells showed that in the all-
porous design, the temperature distribution is more 
homogeneous, so that under the same conditions, the 
maximum temperature in the conventional type occurs 
in the middle of the electrolyte layer and near the outlet 
while this maximum temperature point for the all-
porous type occurred in the cell center.  
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