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Abstract

In the present work, a numerical analysis of three novel PEM fuel cells with
tubular geometry was conducted. Three different cross sections were considered for 
the PEM, namely: circular, square and triangular. Similar boundary and operational 
conditionswere applied for all the geometries. First the obtained polarization curve 
for basic architecture fuel cells was validated with experimental data and then the
results of the three novel tubular   architectures were compared with basic conventional
geometry. The results showed that for the  case of V=0.4 volts, circular and square
tubular  models gives up to 27.5 and 8 percent outlet current density more than 
the base model, whereas the triangular model predicts a decrease of 14.37 percent
compared to the base model. Because the square tubular and in particular the circular 
tubular models do not have sharp edges, uniform reactioncan take place over the
entire catalyst layer of the cathode and anode electrodes, and therefore the distribution 
of the hydrogen, oxygen and water is uniform. Also, circular geometry, due to use 
of all the reaction surface and lack of dead zones, produces higher power outputs. 
The temperature distribution in a lateral direction in the reaction zone for all three
configurations indicates that the maximum temperature for the circular tubular has the 
lowest values in comparison to the other two   cases, which results from a uniform 
surface reaction for this geometry. The results presented in this paper can be used for 
designing novel architecture of fuel cells.

*Corresponding Author’s E-mail address: b_osanloo91@ms.tabrizu.ac.ir

1. Introduction

Recent advances in the fields of modern technology 
have had a significant impact on increasing demand 
for energy. With the increase in demand, more people 

are turning to the use of limited energy resources and 
searching for alternative forms of energy that not only 
cause no harm to the environment but also help reduce 
pollution. One of these methods which develops 
electrical energy with high efficiency without creating
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environmental and acoustic pollution is fuel cells, 
which utilize a direct combination between fuel and 
oxidization. Among the different types of fuel cells 
(such as alkaline, direct methanol, solid oxide, and 
molten carbonate) the proton exchange membrane 
fuel cell (PEM) is one of the most functional fuel cells 
and is applied in different sectors of transportation and 
housing. Proton exchange membrane fuel cell (PEM) 
can be a good alternative to other energy convertors 
due to their simplicity of design, storage, efficiency 
and quick set up [1-3]. PEM fuel cell experimental 
research has only offered general parameters such as 
polarization characteristic in different current density 
by examining the current-voltage curve. Unfortunately, 
a thorough understanding of the species transport 
within the PEM fuel cell is not possible due to size 
limitations of the device. PEM fuel cell performance 
not only includes the electrochemical reactions, but 
also current distribution, fluid mechanics, species 
transport, managing heat and water. Using experiments 
to understanding these complex electrochemical 
reactions and new reactants transport restrictions is 
difficult and often impossible. However, PEM fuel 
cell modeling provides a better understanding of such 
electrochemical reactions and transport phenomena. 
The purpose of such modeling is to determine the best 
methods to achieve maximum power and reduce losses 
in PEM fuel cells. In this regard, some of the previous 
studies have dealt with examining environmental 
effects such as rising temperature, pressure and inlet  
humidity of the reactants on the outlet power of PEM 
fuel cells and have concluded that such an increase 
in the parameters  have a significant impact on PEM 
fuel cell performance [4-8]. But in practice, such 
changes in fixed environmental conditions is energy 
consuming and therefore not economically viable.
Moreover, the effects of materials used in PEM fuel 
cells, like porosity, diffusion coefficient, absolute 
permeability and membrane phase conductivity, 
has been evaluated in other studies [5, 9-11]. In fact 
because of limitations in the choice of materials, 
the use of such methods for increasing the power is 
accompanied with some difficulties. Other works 
have examined the geometric parameters such as

thickness of the Gas Diffusion layer, Catalyst layer 
and membrane, changing the channel cross-section, 
making the channels convergent or divergent, creating 
different obstacles including the baffle, and different 
pin configurations inside the channel of the PEM fuel 
cell. For example, Burning and Djilali examined the 
effect of geometric and material parameters, such as 
thickness and porosity coefficient of the GDL, on the 
performance of fuel cells [12]. They concluded that at 
low current densities increasing the thickness of the 
GDL leads to an increase in average mass fraction of 
oxygen due to more lateral dispersion of the thicker 
GDL.The effect of three-dimensional configurations 
of the channel, including rectangular, trapezoidal and 
parallelogram cross sections, was simulated by using 
a non-isothermal model in a straight single channel 
PEM fuel cell by Ahmed and Sung [13]. Simulations 
showed that the channels with a rectangular cross 
section results in higher cell voltages compared to the 
other two cross-sections. Although the channel with 
trapezoidal cross-section facilitates the distribution 
of the reactants, Yan et al. [14] proceeded to examine 
the impact of channel convergence in vertical and 
lateral directions in order to improve the efficiency 
of PEM fuel cells. They reduced flow channels with 
different width and height taper ratios to compare 
the fuel transport characteristics to channel with a 
constant cross-section. They found that by converging 
the channel in the lateral direction and diverging it in 
the vertical direction cell performance improves. In 
addition, Fontana et al. [15] dealt with the effect of 
channel convergence angle in increasing outlet power 
and pressure drop along the channel. They examined 
the three angles of convergence i.e. 0.25, 0.5 and 0.75 
degrees, and found that a 0.75 degrees angle and the 
channel with a constant cross section gives greater 
current density increasing the over pressure drop by 
a factor of 3.5 as compared to the other angles. Perng 
and Wu [16] dealt with a three-dimensional numerical 
simulation of a single channel PEM fuel cell using 
the trapezoidal baffles within the cathode and anode 
channels. By changing the angle and height of the 
baffles and comparing the results within the channels



2. Description of the computational model

Figs. 1 and 2 show the grid and computational domain 
along with the boundary condition for the base and 
three tubular models, respectively. The new models   
studied in the present work consist of three tubular 
geometries with circular, square and triangular cross-
sections. Each of these figures include gas diffusion 
layers (GDL), the catalyst layers (CL), membrane 
(MEM) and electrode layers (EL). A feature of these 
new models is increasing reactants distribution 
which leads to an increased reaction surface. Another 
feature is the entire surface of the electrode is used for 
electron transfer which is why the increase in power 
density is expected compared to the basic architecture 
for the fuel cell reaction compared to the base model 
where only the horizontal surfaces (electrode plates) 
of the flow is used. In the present study a parallel flow, 
non-isothermal, single-phase and three-dimensional 
model is used for solving computatinal fluid dynamic 
equations in the three novel tubular architectures of 
PEMFC.
Boundary conditions in these new architectures 
are similar to the basic PEM fuel cell. The present 
simulations were performed in order to achieve 
accurate results and ensure that the obtained results 
are independent of the grid. The parameter used 
for this work was the current density. Finally, the 
hexahedral grids used in these models for tubular 
with circular, square and triangular cross sections 
were 408000, 666400, and 599760, respectively. The 
computational region and structured grid used for 
these new architectures are presented in Fig. 2.

2.1. Model assumptions

Assumptions used in the model simulation, includes 
the following cases:
(1) It operates under steady state. (2) Inlet gas mixture 
is an incompressible ideal gas. (3) Due to pressure 
gradients and low flow velocity, flow in the channels 
is laminar. (4) The gas diffusion and catalysts layers 
and membrane in porous zones are homogeneous and 
isotropic. (5) There are non-isothermal and steady
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they found that novel gas channel with trapezoid 
baffles, increases the net output power by about 90%. 
It is noteworthy that each of these methods increased 
the power but reduced the non-uniform distribution of 
temperature, current  density and low distribution of 
the reactants in the catalyst layers, these results indicate 
that novel architectures for PEM fuel cell are needed. 
Some examples of the small amount of work done 
in the recent years in this area include the following 
studies. Al-Baghdadi and Maher [17] compared the 
performance of a novel tubular PEM fuel cell with a 
conventional planar PEM fuel cell. They concluded that 
the tubular architecture presents a better performance 
for the current density and the reactants transport, and 
also provides a higher current density. Also, in novel 
PEM fuel cell architecture the effect of geometric 
parameters and materials have been evaluated. Most 
recently, Soria et al. [18] evaluated the performance 
of three flow fields with cylindrical architecture 
including the serpentine, interdigitated and straight 
channel in the PEM fuel cells. Their results showed 
that configurations with cylindrical channels reduce 
the pressure drop due to gradual reduction of the angle 
of the flow path, thereby facilitating the expulsion of 
liquid water from gas diffusion layers. Torkavannejad 
et al. [19] investigated three novel architectures of 
single cell proton exchange membrane fuel cells, 
namely circular, square and octagonal duct-shaped 
architectures, under isothermal conditions and steady 
state. They found that square and circular architectures 
showed a significantly better performance. They stated 
that the geometry with a square cross-section shows 
more current density and more uniform temperature, 
and water distribution is the best alternative for the 
production of novel fuel cell architectures. So, in 
the present paper three novel configurations for a 
PEM fuel cell consisting of (a) circular tubular, (b) 
rectangular tubular and (c) triangular tubular have 
been proposed to indicate the improvement in the 
results. To indicate the improvement in the results, 
simulation of the basic architecture fuel cell has been 
done and the obtained results have been validated by 
Wang et al.'s experimental results.
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Fig. 1. (a) Computational region, boundary conditions and (b) grid, for the base model.

Fig. 2. (a) Computational region, boundary conditions and (b) grid used in the three novel cylindrical models.
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state conditions. (6) Electrochemical reactions take 
place on surfaces of the catalyst layers. (7) Liquid 
water transport in the membrane are controlled by 
diffusion and osmotic drag mechanisms. (8) Diffusion 
of species and electrochemical reaction are based on 
the dilute solution theory and Butler-Volmer kinetic 
equation, respectively. (9) At the inlet, fully humid 
conditions are considered for the anode and cathode. 
(10) The amount of the liquid phase water produced 
from chemical reactions is small and phase changes 
or two phase transports have not been considered. 
This could be a model for future work and it will be 
investigated.

2.2. Governing Equations

Transport phenomena that occur inside a PEM fuel 
cell are expressed by governing equations including 
conservation of mass, momentum and transport of the 
charge and species. These equations can be described 
as follows:

Continuity and momentum equations

                                                                                  (1)

Where ρ is the fluid density and V is the apparent 
velocity vector. The momentum equation in steady 
state is expressed as follows:

                                                                                  (2)

Where p is the static pressure, μeff is the mixture of 
average viscosity, and Sp is the source term that 
contains the physical properties of the porous regions 
and is expressed as follows:

                                                                                  (3)

where K is the permeability of the gas diffusion layers 
and catalyst layers. μ is the gas viscosity and V is 
the apparent velocity vector in porous zones [21].

Species transporting equation:

To determine the local mass fraction of each component 
of yi , species transport equation are applied as follows:

                                                                                  (4)

where Si is the source term for each species and Di 
is the diffusion coefficient for each species which are 
defined as follows:

                                                                                  (5)

                                                                                  (6)

                                                                                  (7)

                                                                                  (8)

Where D0 is the component mass distribution in the 
reference temperature and pressure [21].

Energy equation

The temperature field is obtained by solving the energy 
equation as follows:

                                                                                  (9)

Where E is the total energy and hi is the enthalpy 
of  each species. The term ( D .y )i iρ− ∇  is the flux 
diffusion for species i, which is calculated for a
laminar flow. Also, keff is the effective conductivity 
coefficient representing the gas mixture thermal 
conductivity in hollow channels and in the membrane 
which were presented as follows:

                                                                                 (10)
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Where, km and kw are the thermal conductivity of the 
membrane (Nafion) and water, respectively.

Electrochemical model

To account for the electron transport in of catalysts 
layer, gas diffusion layer and plates and also for 
transporting of protons through the membrane and 
catalyst layers, it is necessary to solve two equations 
to predict the electrochemical phenomena occurring 
in the PEM fuel cell as follows [21]:

                                                                                (11)

                                                                                (12)

Where σ is the ionic conductivity, φ is the cell 
potential and R is the convection currents. Also, the 
mem and sol subscripts correspond to the solid and the 
electrolyte phases. Using the Butler-Volmer`s general 
relation used for calculating the local current density 
in the catalyst layers, exchange current density is 
obtained as follows:

                                                                                  (13)

                                                                                (14)

Where Jref is the volumetric reference exchange 
current density and 2 2,refH H  and 2 2,refO O  are the 
reference and local species concentration on the 
anode and cathode, respectively, γ is the concentration
coefficient, α is the transfer coefficient, F is the Faraday 
constant and η is the activation losses. Activation losses 
or local surface verpotential, η controls reaction. This 
parameter is associated with the potential difference 
between the electrodes and the electrolyte surfaces 
( ),sol memϕ ϕ . This overpotential is calculated for both 
the anode and cathode sides and includes the open 
circuit voltage, Voc.Therefore, the potential difference 
between the electrodes are established as follows:
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                                                                                (15)

                                                                                (16)

Where Voc is the open circuit voltage and is obtained 
from the following equation [22]:

                                                                                 (17)

For a membrane which is modeled as a porous zone, 
Springer reported that the ionic conductivity, , and 
electro-osmotic drag coefficient is obtained as a 
function of water content as follows [24]:

                                                                                (18)

                                                                                 (19)

                                                                                 (20)

where a is the water activity.

2.3. Boundary Conditions

The boundary conditions required for the computational 
domain are shown in Figs. 1 and 2. Inlet velocities at 
the entrance of the anode and cathode gas channels are 
calculated as the following [25]:

                                                                                (21)

                                                                                (22)

Inlet velocities at the anode and cathode gas flow 
channels (in equations 21 and 22) for solving the 
momentum equation are obtained by the stoichiometric 
flow ratios, ,an catξ ξ , PEMFC operating current 
density,I, the cross-sections area of the anode and 
the cathode, ,an catA A , and finally hydrogen and air 
density. Moreover, the cross-sections area of the anode 
and the cathode, , and finally hydrogen and air density. 
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shows that the present numerical simulation in a wide 
range of obtained values is in good agreement with the 
experimental results. However, at high current densities 
the numerical simulation shows a slight deviation from 
the experimental results. That is because the model 
in the numerical simulation removes liquid water, 
considered formed water, in the catalyst layer in the 
form of vapor phase. As liquid water fills the catalyst 
and gas diffusion layers and therefore prevents the 
oxygen molecules from reaching the catalyst surface. 
As shown in Fig. 3 (a) and (b), this factor led to the 
loss of species and eventually reduces power density 
compared with the experimental results.
Figure 4 shows the comparison of the performance of 
the three new architectures with the base conventional 
model fuel cell by polarization curve. As shown in 
Fig. 4(a), circular and square tubular configurations   
produced a higher current density compared with the 
base PEM fuel cell model. In contrast, the triangular 
tubular configuration shows a drop in current density 
especially in the low-voltage. These three novel 
configurations in high voltage values predict almost 
similar results, but with a reduction in cell voltage 
the circular tubular architecture shows more values 
compared to two other new figures due to a more 
uniform surface distribution. The corresponding power 
density also have been proposed for the three new 
architectures and base model in Fig. 4(b). According 
to Fig. 4(b), circular and square tubular architectures 
presented more power density compared with the 
basic architecture. While the triangular architecture, 
due to the surface non-uniform distribution, presented 
lower power density.
In order to interpret the results of the polarization 
curve more accurately, as shown in Fig. 4, contours 
of hydrogen mass fraction are presented for the three 
novel architectures in Fig. 5. The circular tubular 
configuration shows a more uniform distribution 
of hydrogen in comparison with the two other 
architectures and especially with the triangular 
tubular. Another point is that the range of value 
change of hydrogen in the catalyst and gas diffusion 
layers in the triangular tubular architecture is so wide 
that the corner zones have the maximum values due to

Moreover, the same mass flow rate is applied at the 
inlet channels of the base model and the three tubular 
cases. Zero gauge pressure conditions at the outlet 
have been applied to the atmosphere for discharge 
simulation. Also, zero flow direction gradient has 
been established (Neumann boundary condition) for 
the other parameters. The non-slip boundary condition 
for velocity and coupled boundary condition and zero 
Species flux is determined at the interface between the 
fluid and non-porous solid walls. The temperature on 
the external surface of the bipolar plate is specified 
as cell operation ambient temperature in the present 
study.

2.4. Numerical methodology

At the present study, the finite volume method, 
SIMPLE algorithm in Ansys Fluent 14 software 
[21], is used to obtain the conservative form of the 
governing equations including convective, diffusion 
and source terms [26]. The algebraic multigrid 
method is used in order to speed up the convergence. 
Then calculation is done in more than one grid level 
by eliminating high errors and low frequencies. 
Second order upwind is used for the interpolation 
functions. In the multi-grid method, the F-cycle along
bi-conjugate gradient stabilized method (BCGSTAB) 
is used. The most number of cycles is set to 60, along 
with one pre-sweep and two post-sweep steps. This
computational process was finished when the 
relative error of each parameter reached for the 
specific convergent criteria. Other physical and 
current parameters are presented in Table 1 from 
the experimental data of Wang et al. [20]. These
parameters have been used in both the base 
conventional model and three new configurations.

3. Results and discussion

To validate the present work the obtained results 
from the polarization curve for a base fuel cell with 
straight channels were compared with Wang et al.’s 
experimental data [20] in Fig. 3. The comparison
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the low flow velocity in these regions. All three new 
configurations have a higher overall reaction surface 
compared with the base PEM fuel cell, but the circular 
and square tubular configurations show a higher 
uniformity level compared with the triangular case. 
Comparison of the oxygen mass fraction contours is 
presented in Fig. 6. The maximum value of oxygen 
is shown at the inlet of the computational region. 
Moreover as flow approaches the downstream due 
to the decreased   amount of oxygen in the channel, 
its permeation into the gas diffusion layer and the 
catalyst layer decreases. Mass fraction of oxygen for

square tubular and triangular tubular is maximum in 
the corners due to low flow velocity in these regions. 
Moreover, it is can be seen that the non-uniform 
distribution in the diffusion layer causes a reduction 
in reaction and thus reduces the current density. 
This non-uniformity of the oxygen consumption in 
triangular tubular architecture is high compared to two 
other cases.
Water mass fraction contours in the gas diffusion and 
catalyst layers at the cathode side are shown in Fig.7.  
Moving along the channel in the cathode side will 
increase the water content. This increase in the water

Parameter Symbol Value Unite
Gas channel length L 0.05 m
Gas channel height (base model) H 0.001 m
Gas channel width (base model) W 0.001 m
Land area width (base model) WL 0.001 m
Diffusion layer thickness δGDL 0.26×10-3 m
Catalyst layer thickness δCL 0.029×10-3 m
Membrane thickness δM 0.23×10-3 m
Gas diffusion layer porosity εGDL 0.4 -
Membrane porosity εM 0.4 -
Permeability K 1.76×10-11 m2

Faraday constant F 96485 C/mol
 Anode pressure Pa 3 atm
Cathode pressure Pc 3 atm
Inlet fuel and air temperature Tin 353 K
Fuel/air stoichiometric ratio ξa/ ξc 2/2 -
Relative humidity of inlet fuel and air (fully humidified conditions) RH 100% -
Electrode electronic conductivity λe 100 S/m
Membrane ionic conductivity (humidified Nafion117) λm 17.1223 S/m
Transfer coefficient, anode side αa 0.5 -
Transfer coefficient, cathode side αc 1 -
Electrode thermal conductivity ke 1.3 W/mK
Membrane thermal conductivity  km 0.455 W/mK
Membrane equivalent weight base model and three tubular cases) - 1100 g/mol

H2 diffusivity 2 2H H OD − 1.1×10-4 m2/s

O2 diffusivity 2 2O ND − 3.23×10-5 m2/s

H2O diffusivity at cathode 2 2H O ND − 7.35×10-5 m2/s

H2O diffusivity at anode 2 2H O OD − 7.35×10-5 m2/s

Table1 Physical Parameters and Boundary Conditions used in the Base Model and the Three Tubular Cases.
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amount is related to the phenomenon where water is 
produced by the electrochemical reaction along the 
channel and at the same time the water is transported 
from the anode to the cathode by electro-osmotic drag. 
Also, similar to previous contours, the triangular tube 
has the most non-uniformity. A lower concentration 
of water is predicted in the corners of the triangular 
architecture indicating the slowness of reaction in 
these regions. These regions have too little activity 
compared to other regions. Unlike this architecture, 
the circular tubular configuration shows a uniform 
distribution for water vapor due to the uniform 
distribution presented in the previous contours of the

reaction species, consequently   there is little difference 
between its maximum and minimum values. The 
square architecture is expressed between these two 
configurations, so power density is placed between 
the circular and triangular architectures. Therefore, 
the important result is that surface uniformity of fuel 
cell configuration has a direct effect on the amount of 
current density, and finally the outlet power density   
should be evaluated in designing new architectures of 
PEM fuel cells.
The contours of water vapor mass fraction shown 
in Fig. 8 can be used to determine the content of 
transposed water from the anode through electro-

Fig. 3. Comparison of polarization curves between the base model predictions and experimental data [20].

Fig. 4. Comparison of the results of different arrangements (a) current density (b) the power density.



Iranian Journal of Hydrogen & Fuel Cell 3(2015) 181-196190

Fig. 5. Hydrogen mass fraction contours at , (a), (b), (c) the entire domains and (d), (e), (f) the gas diffusion and catalyst layers 

of the anode.

Fig. 6. Oxygen mass fraction contours at , (a), (b), (c) the entire domains and (d), (e), (f) the gas diffusion and catalyst 

layers of the cathode.
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osmotic drag toward the cathode for the three new 
architectures,. According to Fig. 8, the water along 
the channel gradually decreases for these three tubular 
architectures. In addition, the difference between 
maximum and minimum values of transported water   
increased for the triangular configuration.
Another important factor in designing the fuel cell 
is the control of increasing temperature and uniform 
temperature distribution in heat producing regions. 

Increasing temperature in PEM fuel cell is caused by 
heat produced by the heating nature of the general 
reactions of the cell, Joule heat and water phase 
change. The heat produced by the   novel architectures 
was investigated by the temperature distribution 
contours presented in Fig. 9. As shown in Fig. 9, 
the maximum temperature occurs at the inlet region 
for all the architectures due to the small amount of 
water produced. By moving along the channel, water

Fig. 7. Water mass fraction contours in the gas diffusion and the catalyst layers of the cathode at V=0.4 v.

Fig. 8. Water mass fraction contours at , (a), (b), (c) the entire domains and (d), (e), (f) the gas diffusion and catalyst layers of 

the anode.
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content increases and as a result the temperature 
gradually reduces. In the square and triangular 
tubular architectures, due to their sharp corners and 
slowness of the reaction, the temperature increase 
is concentrated in the regions away from the corner. 
There is no significant rise in temperature at the 
corners. This maximum temperature concentration 
can damage the membrane, gas diffusion and catalyst 
layers. It is most undesirable in the catalyst layer due 
to the cost. The maximum temperature is lower for 
the circular tubular architecture in comparison with 
the two other architecture due to species uniform 
distribution.
Figure 10(a) presents the temperature distribution in 
the enterance region. (the region  where the maximum 
rise in temperature occurred) in the lateral direction. 
The results of the base geometry is also shown in 
Fig. 10(b). According to Fig. 10 (a) and (b), the 
peak temperature is nearly the same for the base and 
three new fuel cell membranes and catalyst layers. 

According to Fig. 10(a), as the reaction surface in 
the base model is reduced the maximum temperature 
is less compared with the novel geometries. On the 
other hand, the maximum temperature for the circular 
tubular configuration is less compared with the two 
other architectures, and the triangular configuration   
shows the greatest increase in temperature. Circular 
architecture had the widest range of increase in 
temperature due to distribution of the reaction at 
all surfaces and therefore has a lower amount of 
maximum temperature. But on the otherhand, the 
triangular architecture had the maximum temperature 
occurring in a limited area due to having sharp corners 
and non-uniform reaction. Therefore the maximum 
temperature for this configuration is high compared 
with the two other architectures, which causes 
dryness of the membrane at the anode and results 
in an increase of resistance against ion transport in 
the membrane. This factor should be utilized in the 
design of high temperature fuel cells along with the   

Fig. 9. Temperature distribution contours at , (a), (b), (c) the entire domains and (d), (e), (f) the gas diffusion and catalyst 

layers of the cathode.
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use of   novel architectures with the most uniformity 
of the reaction surface to decrease the maximum 
temperature in the fuel cell and increase net power.

4. Conclusions

In the present papera numerical analysis of   three new 
tubular PEM fuel cell architectures namely: circular, 
square and triangular has been done for the first time. 
A summary of the results are presented below:

 (a) Comparing the polarity curves indicated that 
circular and square tubular configurations propose 
higher current density compared to the base PEM fuel 
cell model. But the triangular tubular configuration

Fig.10. Lateral temperature distribution in the entrance 

region for (a) base modeland (b) three new tubular models.

shows a drop in current density, especially in the low-
voltages, in comparison with the base PEM fuel cell 
model.
 (b) Circular tubular architecture indicated more 
uniform distribution for oxygen and hydrogen mass 
fraction contours in comparison with the two other 
architectures and especially with the triangular tubular 
architecture. Triangular architecture due to its low 
angle corners prevented uniform reaction   so that 
the range of values in the catalyst and gas diffusion 
layers was wider.  The maximum values existed on 
the corners, and the species values decreases and 
distribution becomes more uniform the further you 
moved from the corners.
  (c) Water mass fraction contours in gas diffusion and 
the catalyst layers showed that by moving along the 
channel the water amount gradually increases. Like the 
previous contours, the triangular tubular showed the 
most uniformity in water distribution. A small amount 
of water content was predicted in the corners of this 
architecture indicating the slowness of the reaction 
in these regions. Unlike that case, the circular figure 
demonstrated a uniform distribution of the exit water 
vapor due to the uniform distribution of the species. 
Square architecture power production is placed 
between the circular and triangular architectures .
  (d) Temperature distribution contours in gas diffusion 
and the catalyst layers at the cathode indicated 
that rising temperature is concentrated away from 
of the corner regions of the square and triangular 
architectures due to their sharp angles and slowness of 
reaction Furthermore, the centralized distribution of 
temperature rise increased the maximum temperature 
in limited regions for these two architectures. In the 
Circular architecture, due to the dispersion of reaction 
at all surfaces, distribution of rising temperature   
occurred in wider surfaces and therefore the maximum 
temperature for this architecture is low. But triangular 
geometry, due to its non-uniform reaction, has the 
maximum temperature compared with the two other 
architectures. This   damages   the catalyst and diffusion 
layers which results in   an undesirable increase in cost 
especially for the catalyst layer. So this point should 
be considered when designing novel high temperature
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fuel cells and designers should attempt   to use novel 
figures with the highest level reaction as much as 
possible to increase power and decrease maximum 
temperature in fuel cell surfaces.
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Nomenclature

Aa,c Area cross section channel for 

anode and cathode

(m2)  

Amem Active cell area (m2)
a Water activity - 
D Mass diffusion coefficient (m2/s)
F Faraday's constant (C/mole)
K Permeability (1/m2)
k Thermal conductivity (W/mk)
M Molecular weight (g/mole)
p pressure (Pa)
R Universal gas constant (J/kg.mole)
T Temperature (K)

Voc Open circuit voltage (V)
X Mole fraction - 

Greek symbols
α Water transfer coefficient - 
ε porosity -
ρ density (Kg/m3)
γ Concentration coefficient -

  μ Viscosity
σ membrane conductivity (1/ohm.m)
λ water content -
ξ stoichiometric ratio -

Subscripts and Superscripts
an anode -
cat cathode -
eff effective -

mem membrane -
m mass -

  

i individual specie in the reference 

condition

-

ref reference value - 
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