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Abstract 

This paper reports the three-dimensional modelling of a proton exchange 

membrane fuel cell (PEMFC) with straight flow field designs. Different 

shapes of both anode and cathode channels have been considered. Three 

geometrical configurations with same area: rectangular, triangular and 

elliptical straight channels are constructed to investigate the performance and 

the transport phenomena in the PEMFC at high and low operating voltages. 

The proposed model is a full cell, which includes different physical zones 

associated with a PEM fuel cell such as the Bipolar Plates (BPs) or current 

collectors, the flow channels, the Gas Diffusion Layers (GDLs), and the 

Catalyst Layers (CLs) on both anode and cathode sides as well as the 

membrane layer. The model is implemented into the commercial 

computational fluid dynamics (CFD) software package Fluent®6.3, with its 

user-defined functions (UDFs). The continuity, momentum, chemical species 

and charge conservation equations are coupled with electrochemical kinetics 

in the anode and the cathode channels and the Membrane Electrode Assembly 

(MEA). The obtained results determine that at high voltage (0.8 V) the cell 

performance is insensitive to the channel shape.  The simulation results show 

that at low voltage (0.4 V) when anode and cathode channels geometry is 

triangular the performance of the cell is better than the rectangular and 

elliptical channels. The best performance is obtained for a triangular channel 

width of 0.1 mm. 

Keywords: PEMFC, CFD, Fluent, Channel shape, Species distribution, Velocity 

field, Channel width. 
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Nomenclatures 
a  Water activity 

Cp Specific heat capacity at constant pressure, J kg
-1

K
-1

 

F Faraday constant , 96487 C mol
-1

 

M      Molecular weight, kgmol
-1

 

P Pressure, Pa 

R Gas constant , 8.314 J mol
-1

 K
-1

 

T Temperature, K 

Voc Open circuit voltage, V 

yj  Mass fraction of species j 
 

Greek Symbols 

 Transfer coefficient , dimensionless 
  Exponent for concentration dependence 

ε Porosity of the porous media 
  Activation overpotential 

  Permeability, m
2
 

  Water content  

  Viscosity, kgm
-1

s
-1

 



 

Velocity vector, ms
-1

 

g  Scalar density 

  Stress tensor 

  Phase potential 

 

Abbreviations 

BPs Bipolar Plates 

CFD Computational Fluid Dynamics 

CLs Catalyst Layers 

GDLs  Gas Diffusion Layers 

PEM Proton exchange membrane 

PEMFC Proton Exchange Membrane Fuel Cell 

UDFs User-Defined Functions 

1.  Introduction 

The energy demands of this century face the depletion of fossil resources involving 

the search for alternative solutions. Renewable energy sources are predicted to grow 

rapidly in the near future, but are still limited for static applications (such as 

electricity generation and water desalination, etc.) [1, 2], and not yet envisaged for 

transportation applications. Hydrogen is thought to be the solution as a clean and 

renewable future energy vector [3, 4], meaning that it can be used as portable fuel. 

Hydrogen is the most common element in the universe, its use in fuel cells is 

effective by direct conversion of chemical energy into electrical energy. 

To date, this is the cleanest energy converter, high performance, flexible and 

scalable in terms of power output. One type of fuel cell, a Proton Exchange 

Membrane fuel cell (PEMFC) supports the reaction between hydrogen and oxygen 

to produce electricity. It is considered one of the most promising technologies for 

both stationary and mobile applications. PEMFCs have high power density, solid 
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electrolyte, and low operating temperature, zero emission and quick start-up, as well 

as low corrosion [5]. They have greater efficiency when compared to heat engines 

and their use in modular electricity generation and propulsion of electric vehicles is 

promising [6, 7].A PEMFC is illustrated in Fig. 1. 

 

Fig. 1. Schematic representation of PEMFC system. 

Fuel cell models represent a significant tool in the development of PEMFC 

technology, which facilitate understanding and optimizing their complex 

phenomena such as: fluid transfer mechanism (mass and heat), water management 

and electro-chemical reaction, etc., In the last years, computational fluid dynamic 

(CFD)software Package has proved to be a helpful tool, and has been frequently 

used to simulate the fuel cells behavior in various applications involving flow 

field, thermal and water management [8-13]. 

It is known that the flow field design in the bipolar plates plays a very 

important role for improving reactant utilization and liquid water removal in 

PEMFCs which enhance the fuel cell performance. The reactants, as well as the 

products, are transported to and from the cell through flow channels. In order to 

understand the effect of flow field design in transport performance in the PEM 

fuel cells, many research have been carried in various flow field configurations, 

including parallel, serpentine, interdigitated and other combined versions [14-22] 

and for different flow channel shapes such as semi-circular, trapezoidal, 

rectangular and triangular. 

Ahmed et al. [23] investigated three different channel cross sections: rectangular, 

trapezoidal and parallelogram, on a straight flow channel at high current densities. 

Their results of the numerical simulations with these geometries revealed that the 

rectangular section channel provided the highest cell potentials, whereas the 

trapezoidal cross section displayed the most uniform current density distributions. 

Kumar and Reddy [24] analyzed the effect of channel dimensions on the 

hydrogen consumption at the anode. For high hydrogen consumptions (80%), the 

optimum dimension values for channel width, rib width and channel depth were 

close to 1.5, 0.5 and 1.5 mm, respectively. Moreover, the effect of different 

channel shapes was investigated. They showed that triangular and hemispherical 
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shaped cross-section resulted in the highest hydrogen consumption by around 9% 

at anode, improving fuel cell efficiency. 

Wang et al. [25] investigated numerically the effect of cathode channel shapes 

on the local transport characteristics and cell performance. The cells with triangle, 

trapezoid, and semicircle channels were examined and compared with rectangular 

channel. They suggested that the local transport phenomena in the cell indicates 

that triangle, trapezoid, and semicircle channel designs increase remarkably the 

flow velocity of reactant, enhancing liquid water removal and oxygen utilization. 

Khazaee [26] studied experimentally and numerically single serpentine 

PEMFC performance with flow fields by changing the geometry of the channels. 

His results showed that when the geometry of the channel is rectangular the 

performance of the cell is better than the triangular and elliptical channels. 

Ahmadi et al. [27] investigated the effect of increasing the width of the gas 

channel at the upper region, on the PEM fuel cell performance for straight flow 

channel.  The cross section of the performance was obtained for inverse trapezoid 

channel with the 1.2 mm width in the top section of channel. 

Zeng et al. [28] developed a three-dimensional, non-isothermal model with a 

single straight channel and used the genetic algorithm to study the optimization of 

channel configuration. They showed that, at an operating potential of 0.4 V, the 

optimal design obtained is a trapezoidal channel compared to a square channel. 

To the best of our knowledge, no work has addressed the effect of both anode 

and cathode rectangular, triangular and elliptical channel shapes for a straight   

flow field on cell performance for two operating potential.  

The operating conditions and electrochemical parameters used in this work are 

different from studies quoted in this paper. 

In the present work, a complete three-dimensional, single phase and 

isothermal PEM fuel coupled with electrochemical reaction for a single straight 

PEMFC with three different channel shapes has been developed to investigate 

the internal physico-chemical processes and fluid flow distribution within a 

single cell unit. The electrochemical reactions, fluid mass transfer phenomena 

have been included in the cell model. The conservation equations are solved by 

using commercial computational fluid dynamics (CFD) software, Fluent
®

 6.3, 

and its PEMFC module. 

The variation of gaseous species concentrations, distribution of current density 

and flow field over the cell unit are presented and discussed. Furthermore, the 

effects of changing the shapes of the flow channels are investigated by 

comparison between the three configurations at high and low voltage. 

2.  Numerical model 

2.1. Model assumptions 

Basic assumptions are made to simplify actual cell conditions in the theoretical 

model and thus facilitate the modelling approach of transport component 

influence on cell performance and transport phenomena. The following are the 

most important: 
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 The reactant and product are considered incompressible, ideal gas. 

 The flow in channels and porous layers is laminar due to small pressure 

gradient and low flow velocities. 

 The cell operates under steady-state condition (stationary condition). 

 Isothermal condition (the cell temperature is uniform and fixed at 70°C = 343 

K; it is the favourable temperature because it is in the range of 60°C-80°C). 

 Butler -Volmer kinetics is used for electrochemical reaction rate [29]. 

 Water exists in vapor form only. 

 The membrane is impermeable enough for gas phase to neglect diffusion of gases. 

 Ohmic losses in the GDL and current collector are neglected. 

 

2.2. Model equations 

The transport of gas mixtures in different parts of PEM fuel cell is governed with 

standard equations of fluid mechanics (conservation of mass or continuity 

conservation, momentum, species transport) [29]. These equations were coupled 

to the electrochemical model which consisted in two potential equations 

associated to the electron transport and another potential equation describing the 

proton transport (charge equations). 

 Continuity equation 

 
mg

g
S

t













 


                                                                                        (1) 

Sm is the mass source term. For all zones in this model, Sm= 0. 

 Momentum conservation equation  

Mg

g
Sp

t













 




                                                                      (2) 

The momentum equation shown in Eq. (2) is used to solve the velocities of the 

fluid in the channels and the GDL and the species partial pressures. 

SM is the momentum source term. SM = 0 for the gas channels, for the porous 

medium (gas diffusion layers and the catalyst layers). Equation (3) defines the 

source term SM as follows: 



 



MS                                                                                        (3) 

 Species conservation equation 

The species transport equation is defined as follows according to Fick’s law: 

 
  jj

eff

jgjg

jg
SyDy

t

y













 




                                                    

(4)  
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where eff

jD is the effective mass diffusivity. In Fluent, eff

jD is calculated according 

to Eq. (5) accounting for the effects of temperature, pressure and water saturation. 

 
tp

s

T

T

P

P
DsD j

reff

j



 



















0

005.1 1                                                                (5) 

where 0
jD is the mass diffusivity of species j at reference temperature and pressure 

(P0, T0) [30]. 

Sj is the species volumetric source terms, Sj = 0 for the channels, the gas 

diffusion layers and the membrane. For the catalyst layers, the source terms of 

hydrogen, oxygen and water the species volumetric source terms are as follows: 

Hydrogen consumption at anode   

a

H

H J
F

M
S

2

2

2


 

Oxygen consumption at cathode     

c

O

O J
F

M
S

4

2

2


 

Water vapor production at cathode   

c

OH

OH J
F

M
S

2

2

2


 

Water vapor net transport from anode to cathode    

a

OH

OH J
F

M
S 2

2


 

J is the transfer current density (A/m
3
) can be calculated from Butler-Volmer 

function as shown in Eqs. (6) and (7) [31].                   

(6)
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                                             (7) 

 Energy conservation equation 

We have the following equation for energy conservation 

 
  e

eff

Pg

Pg
STKTC

t

TC













 




                                     

(8) 

Se is the volumetric source term and is defined for all zones of the cell by Eq. (9). 

Lohmcareacte hRIRhS  2

,
                                                                       (9) 

In this equation, I
2
Rohm is the ohmic heating term, hreact is the heat of 

formation of water term, ηRa,c is the electric work term, and hL is the latent heat 

of water term. 
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2.2.5. Charge conservation equations 

 Electron transport equation 

  0 solsolsol JΦ                                                                                  (10) 

 Proton transport equation 

  0 memmemmem JΦ
                                                                                   (11) 

where Jsol and Jmem are the source terms of solid phase and membrane phase. 

These terms are only defined in the catalyst layers: 

For the solid phase:  Jsol= −Ja(<0) Anode side 

Jsol= Jc(>0)Cathode side 

For the membrane phase:  Jmem= Ja(>0) Anode side  

Jmem= −Jc(<0) Cathode side 

 

2.2.6. Water transport through membrane 

Since PEM fuel cell operates under relatively low temperature (< 100°C), the 

water vapor may condense to liquid water, especially in high current densities.  In 

the present model the water in the assumption of single phase model is used. It 

means the water in the membrane is assumed to be in vapor state and there is no 

liquid in the fuel cell (liquid water is ignored). 

Water content in membrane, λ [32]. 

 













3114.114

103685.3981.17043.0 32

aa

aaaa


                                (12) 

a is the water activity in gas phase: RT
P

c
a

sat

w
 

where cw and P
sat

 are concentration and saturation pressure of water vapor at each 

electrode respectively, the saturation pressure, P
sat

, is computed as [33]:

 

37

25

10

)15.273(104454.1

)15.273(101837.9)15.273(02953.01794.2log









T

TTP sat

         
(13) 

2.3.  Model description and mesh generation 

The objective model geometry studied in the present work is shown in Fig. 2. The 

same straight and parallel channels flow field of the polar plate was assumed on 

the cathode and anode side. The multi-channel structure and the periodicity of the 

polar plate make it possible to select one unit cell with dimensions of xyz = 

24.48125 mm
3
. 

The computational domain includes all major cell components for full cell 

modeling (BP, flow channel, GDLs, CLs and membrane). A commercial 

Nafion117 was employed as a proton exchange membrane (PEM) [34].The 

detailed dimensions are shown in Table 1. The complete 3D grid model 

(computational grids) of PEM fuel cell with three different cross sectional shapes 
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(rectangular, triangular and elliptical) was prepared and meshed with a pre-

processing software Gambit
®

2.4.6 [29], as shown in Fig. 2(d).The utilized grid 

was verified to give mesh independent results. 

 
 

(a) Top view of a single straight 

channel flow field. 

(b) Cross-sectional view. 

 
 

(c) Unit cell dimensions.  

 

(d) Mesh generation of three geometries. 

Fig. 2. Single straight channel in PEM fuel  

cell with mesh generation of three geometries. 

 

Anode 

Cathode 

Unit = 1 mm 
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Table 1. Model geometry and operating conditions. 

Parameter  Value 

Model /Cell width, m 210
-3

 

Model / Cell height, m 4.4810
-3

 

Model /Cell length, m 12510
-3

 

Gas Channel width, m 810
-4

 

Gas Channel height, m  610
-4

 

Membrane (Nafion 117) thickness, m  3610
-6

 

Catalysts layers thickness, m  1210
-6

 

Gas diffusion layers thickness, m 2110
-5

 

Current collectors width, m 210
-3

 

Current collectors height, m 210
-3

 

Cell Temperature (Tcell), K 343 

Operating pressure (Pcell), atm 2 

Open-circuit-voltage (Voc), V 1.1 

2.3.1. Boundary conditions 

The boundary conditions used for the CFD model are based on publication [36]. 

The channel inlet is defined as a mass-flow-inlet of the gas mixture. The mass 

flow rates (H2/O2 (air)) are calculated for a stoichiometry of a = 2,c= 2 at a 

reference current density of 1 A/cm
2
; the channel outlet is defined as a pressure 

outlet. The channel faces which are adjacent to the gas diffusion layers and the 

faces of the gas diffusion layers that are next to the catalyst layers are defined as a 

porous jump (porous media). The direction for H2 and O2 is defined as counter-

current flow pattern. The cell is fed with mixture H2/H2O and O2 /H2O at the 

anode and the cathode inlet respectively. It is operated at Pcell = 2 atm and Tcell = 

343 K, under an isothermal assumption. The cases are simulated under the low 

humidity inlet operation (relative humidity RH= 47%). 

2.3.2. Operating conditions 

The operating conditions and parameters related to electrochemical kinetics are 

presented in Tables 1 and 2. 

 

The reference cell open-circuit voltage Voc=0.0025 Tcell+ 0.2329 [37]. 

 

2.4.  Numerical solution method and strategy 

The CFD code Fluent is used to achieve the simulation. This software package 

provides a solver for fluid-flow, heat-transfer, chemical-reaction and related 

problems ranging in complexity from two-dimensional single phase and steady 

state, to three-dimensional multi-phase and transient. The computational domain 

is divided into control volumes and Fluent is used to solve the three-dimensional 

conservation equations, using appropriately specified boundary conditions in 

finite-volume form. 

The numerical simulation model used to solve the governing equations is 

based on the semi-implicit method for pressure linked equations (SIMPLE) 

algorithm developed by Patankar [38].The source terms generated by the 
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electrochemical reaction are inserted into the mass, momentum and species 

conservation equations in different zones of the fuel cell using a User Define 

Function (UDF included in Fluent code; Fuel Cell Module). 

The solution is obtained by solving the coupled set of conservation equations, 

Eqs. (1) to (13), explicitly using a finite volume approach, this method is based on 

the iteration processes and the solution was considered to be convergent when the 

relative error in each field between two consecutive iterations was less than 10
-3 

for all variables and 10
-6

 for energy equation. 

The calculations finally generate different parameters: species, current density 

and flow field distributions, these parameters judge the best cross-section shape 

for the best fuel cell performance. 

Table 2. Electrochemical parameters. 

Parameter Symbol Value Reference 

Anode    

Gas Hydrogen 

(H2) 
  

Ref. exchange current density, 

A/m
3
 

ref

aj  110
9
 [35] 

Ref. concentration,  kmol/m
3
  1.0 [35] 

Concentration exponent a
 0.5 [35] 

Exchange coefficient αa 2.0 [35] 

Reference diffusivity, m
2
/s 

0

2HD  
1110

-5
 [30] 

 
0

2 oHD  
7.3510

-5
 [30] 

 Other species 1.110
-5

 [30] 

Mass fraction of  H2 yH2 0.727 [39] 

Mass fraction of H2O  yH2O 0.273 [39] 

Cathode    

Gas Air   

Ref. exchange  current 

density, A/m
3
 

ref

cj  25.8510
4 [40] 

Ref. concentration, kmol/m
3
  1.0 [35] 

Concentration exponent c
 1.0 [35] 

Exchange coefficient αc 2.0 [35] 

Reference diffusivity, m
2
/s 0

2OD  3.210
-5

 [30] 

Mass fraction of oxygen  yO2 0.225 [39] 

Mass fraction of H2O 

Mass fraction of nitrogen 

yH20 

yN2 

0.024 

0.751 
[34] 

Porosity of diffusion layer εd 0.55 [30] 

Porosity of catalyst layer εl 0.457 [30] 

Porosity of membrane εm 0.28 [41] 

 

3.  Results and Discussion 

The distribution of gas composition, current density and flow field for three 

channel configurations in counter-current flow cells operating at high and low 

voltages are presented and discussed below. 
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3.1. Model validation   

The validation of the numerical results is performed by comparing the present 

model with results obtained in experimental data reported by [42]. Figure 3 shows 

the comparison of the numerical and experimental results of the cell performance, 

i.e., the operation voltage Vcell versus the current density of fuel cells I(Acm
−2

), at 

the operating conditions of low humidified fuel gases with pressure of 1atm, and 

operating temperatures of 70
 °
C. 

The comparison indicates that, at low current density, the results from 

modeling simulation are in favorable agreement with experimental data, at high 

current densities, the results of experimental data have higher value compared to 

the simulated results due to the some difference in physical parameters, i.e., 

reactants inlet boundary conditions, relative humidity of gases, coefficient 

stoichiometric of anode and cathode…etc. 

 
Fig. 3. Model validation with experimental data. 

 

3.2.  Polarization curve (I-V) 

The performance of the fuel cell system characterized by the current-voltage 

curve (polarization curve) depends on several factors and operating parameters 

implemented into the model, such as the geometry of the flow paths in the bipolar 

plates. In order to plot the (I-V) curve, the base operating parameters considered 

are the following: The operating pressure and temperature of both anode and 

cathode are 1atm and 343 K, the mass flow rates are calculated for a = 2,c= 2, 

the RH = 47% in anode of  hydrogen gas and the cathode of air.  

Figure 4 shows the comparison of polarization curves of the PEMFC for the 

three models proposed. It can be seen that globally there is very little difference 

for the polarization curve behavior between the three shapes of channels. 

However, under further observation at current density of more than 1.5A/cm
2
, it 

could be seen that triangular channel shows slightly higher cell potential 

compared to other channels. Polarization (I-V) curve, which is an insufficient 

approach for the comprehensive assessment of PEMFC models. Therefore, 

changing channel shape indeed affects the polarization curve, while no sharp 

conclusion could be drawn yet from this preliminary study. 
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Fig. 4. Polarization curves for PEM fuel  

cell with various flow channel shapes. 

 

3.3.  Species distribution 

Species distribution of H2 at anode, O2 at cathode and H2Ovapor at cathode catalyst 

layer are investigated.Knowing that the direction of inlet gasses is assumed        

on counter-flow direction, the gas inlet is located at z = 125(upper) at anode and 

at z = 0 for Cathode (lower). 

A global view in 3D distribution of the effect of channel shape design on 

hydrogen and oxygen mass fraction along the anode and cathode respectively, at 

0.4 V and 0.8 V is shown in Figs. 5 and 6 for three flow channel shapes, while in 

Fig. 7 hydrogen and oxygen distributions at catalyst surface are presented for the 

cell voltage 0.4 V 

Generally, the mass fraction of oxygen and hydrogen decreases gradually 

from the channel toward the catalyst surface where reaction consumption takes 

place. At low cell voltage (0.4 V), the mass fraction of both species decreases 

rapidly. In diffusion and catalyst surface the mass fraction of oxygen reaches 

the zero value, thus, more oxygen is required for the electrochemical reaction.  

At 0.8 V, the hydrogen and oxygen concentration are relatively more uniform 

and the mass transfer is low that reduces the consumption rate of both reactants. 

The channel shape is seen to have little effect on the cell performance. 

At catalyst layer surface (Fig. 7) the influence of channel shape becomes 

obvious at 0.4 V. The consumed hydrogen at anode (or oxygen at cathode), can 

be determined from the hydrogen (or oxygen) mass fraction difference from 

inlet to outlet. It can be seen from Fig.7 that the highest hydrogen and oxygen 

consumption rate occurs at the triangular channel compared to rectangular and 

elliptical channels. This result agrees with that of Kumar et al. [24] who showed 

that triangular shaped cross-section increased hydrogen consumption at anode. 
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Fig. 5. Concentration distribution of hydrogen for  

various anode channel shapes at a) 0.4 V and b) 0.8 V. 

 

Fig. 6. Concentration distribution of oxygen for various cathode  

channel shapes at a) 0.4 V and b) 0.8 V in counter-current flow pattern. 

 

Fig. 7. Hydrogen and oxygen concentration at cathode catalyst layer  

at 0.4 V, for (a) rectangular (b) triangular, (c) elliptical channels. 

Flow direction  

  a) 
b) 

Flow direction 
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Figure 8 shows 3D water vapor distribution and water vapor distribution at 

cathode catalyst layer for the three geometries at cell voltages 0.4 V for Fig. 8(A) 

and 0.8 V for Fig. 8(B).  

It is clearly seen that the water concentration is very weak at the inlet; the 

cathode flow remains dry since only a little amount of water arrives from the 

anode (electro-osmotic flow).Then, the water vapor concentration increases 

gradually until it reaches its maximum at the outlet. 

A large amount of water occurs at cell voltage of 0.4 V, as water is coming from 

the anode and is produced by Oxygen Reduction Reaction (ORR) in the cathodic half-

cell reaction at the surface of catalyst layer. It can be shown that at 0.4 V the water 

rate formed in triangular channel is approximately 5% higher than in rectangular and 

elliptical channels (5×10
-3 

kmol/m
3
 for triangular compared with 4.93×10

-3 
kmol 

/m
3
and 4.95×10

-3 
kmol⁄m

3
 for rectangular and elliptical respectively). 

At low cell voltages (Fig. 8(A)) water production on the cathode side is sufficient 

to maintain good proton conductivity for all the simulated shape geometries. 

 

 
Fig. 8.Water vapour distribution: 3D and at cathode catalyst surface  

for the three geometries, at (A) Vcell = 0.4 V and (B) Vcell = 0.8 V. 

 

3.4. Current density distribution 

Because the channel shape starts to differ at low voltage the current densities 

distribution, velocities field  and effect of channel width we analyzed at cell 

Flow direction 
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voltage Vcell = 0.4 V.The predicted current density profiles in the catalyst layer 

along the cell length at 0.4 V are presented in Fig. 9. 

At the beginning part (z = 0), the current density for all three channel shapes 

increases gradually with increases in direction Z. Then the increase becomes 

sharp due to strong oxygen consumption at the catalyst layer by the 

electrochemical reaction at the first of the channels. Maximum values of current 

densities are reached at different positions within the cell: 44510Am
-2

 at Z = 15 

mm for the triangular channel; 42687 Am
-2

 at Z = 27 mm for rectangular channel 

and 43573Am
-2

 at Z = 24 mm for elliptical channel. 

 
Fig. 9. Current density distribution at cathodic catalyst surface 

 along the Z direction for the three models proposed at Vcell = 0.4 V. 

 

This can be explained this by the difference in the rate of oxygen consumption 

at the catalyst surface as shown in Fig. 7. Then the current density decreases until 

Z = 125 mm due to the reduction in concentration of the oxygen by consuming it 

along the channel. According to Eqs. (6) and (7), current density is proportional to 

the consumed concentration of the reactants. Also it can be seen that the 

cumulative current densities value for rectangular channel is the best one 

compared with triangular and elliptical channel. 

 

3.5.  Flow field distribution 

The transport phenomena in the flow channel, as well as in the gas diffusion layer 

of a fuel cell, are important. The velocity vectors of the gas mixture within the 

PEM fuel cell are shown in Fig. 10. Clearly, the velocity magnitude is uniform at 

the channel inlet due to the viscosity (a boundary layer has been developed in the 

wall of the channel and the interface of GDL), therefore the flow becoming fully 

developed within the channels where the maximum value is located at the central 

core of the flow channel and the lateral velocities are quickly reduced. This 

profile is maintained until the channel outlet. It is important to note that the 

velocity field is very weak in the porous medium (GDLs, CLs, PEM) because of 
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reduction in transport rate in these layers. For all three designs, it can be seen that 

the highest velocity magnitude is found in the triangular channel (22.6 m/s for 

triangular channel compared with 19.7 m/s and 20.9 m⁄s for rectangular and 

elliptical channels respectively).  

  

 

Fig. 10.Velocity field vectors of gas mixture inside the cell at Vcell = 0.4 V. 

 

3.6.  Effect of channel width 

The channel size is a major factor which can affect the cell performance through 

the distribution of reactant and product gas species in channels, the diffusion 

within the GDL and the active surface where the chemical reaction takes place 

(contact surface area). Figure 11 shows profiles of hydrogen and oxygen 

concentrations at catalyst layer using triangular straight channels with different 

widths: 0.1 mm, 0.3 mm, 0.5 mm, 0.7 mm and fixed height = 0.6 mm. 

Mass fraction profiles of hydrogen in anode catalyst layer along the length of 

the cell are shown in Fig. 11 (Left). Due to the oxidation reaction in anode 

catalyst layer, where the hydrogen diffuses and consumed along the flow 

Anode side 

Cathode side 
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direction, the concentration of H2 dropping  from the maximum amount at the 

inlet (z = 0.125 m) to the lowest point at the outlet (z = 0). Therefore, the 

difference between the four profiles is clearly observed, the net consumption of 

hydrogen (mass fraction difference from inlet to outlet) is highest when the 

channel width is 0.1 mm (4.210
-1

 to 1.710
-1

) compared with lowest 

consumption when the width is 0.7 mm (4.110
-1

 to 3.810
-1

). 

The concentration profiles of consumed oxygen are illustrated in Fig. 11 

(Right). It is clear that the oxygen concentration decreases along the flow 

direction from inlet (z = 0) to outlet (z = 0.125 m), where oxygen has been 

consumed producing water during electrochemical reaction with hydrogen. The 

high net consumed oxygen is in the channel of width 0.1 mm (2.0410
-1

 to 

1.7110
-10

), and the bad consumption is within the channel of width 0.7 mm 

(1.910
-1

 to1.110
-1

). 

Accordingly, the results show that as the channel width increases, the mass 

fractions of H2/O2 are lowered as a consequence of the highly reduced average 

current density. 

 
Fig. 11. Effect of triangular channel width on hydrogen and oxygen 

concentrations at catalyst layer; Hydrogen (left), Oxygen (right) at Vcell = 0.4 V. 

4. Conclusion 

A computational three-dimensional single phase model of a PEMFC with straight 

channel geometry for predicting the effect of different channels shapes was 

developed. Simulations were performed using the commercial computational fluid 

dynamics software Fluent and its PEMFC module. The main objective of this 

study was to investigate the cell performance at high and low operating voltage 

for three different channel configurations with same area (rectangular, triangular 

and elliptical) at cathode and anode. The effect of channel width on hydrogen and 

oxygen consumption was investigated for 0.1 mm, 0.3 mm, 0.5 mm and 0.7 mm. 

Simulations results revealed that at cell voltage of 0.8 V the cell performance 

was insensitive to the channel shape. Whereas, at 0.4 V the effect of changing 

channel geometries became apparent. The results showed that the effect of 

channel shapes was similar between the anode and cathode sides. The high 

hydrogen and oxygen consumption rates occurred at the triangular channel, and 

the water rate formed in this channel was approximately 5% higher than in 

rectangular and elliptical ones.Moreover, the results indicated that local density 
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and velocity distributions at cathode were strongly dependent on channel shapes. 

The highest velocity magnitude of the gas mixture was encountered in the 

triangular channel. Based on triangular shaped channel, the simulations showed 

that high reactant consumption was obtained for 0.1 mm channel width. 

Clearly, in this model, a high performance was observed by using a triangular 

geometry for the channels of both anode and cathode with an optimum width of 

0.1 mm. 
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