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RESUMEN 

El presente trabajo analiza el efecto de emplear 

una combinación de campos de flujo para la 

distribución de especies en PEMFCs. La 

combinación toma en cuenta dos de los más 

efectivas formas de distribución de flujo usados 

actualmente: serpentín e interdigitado. El 

objetivo del estudio es determinar si el 

distribuidor de flujo propuesto contribuye a la 

mejora de la operación de una celda de 

combustible. De esta forma, el uso de la 

geometría propuesta como ambos, distribuidor 

de especies del ánodo y cátodo, es investigado. 

Distribución de  densidad de corriente y de 

especies, caída de presión, y curvas de 

polarización, son obtenidas para efectuar el 

análisis. Los resultados obtenidos son 

comparados con aquellos de una geometría 

convencional (serpentín). El modelo adoptado 

para el análisis toma en cuenta los efectos de las 

reacciones electroquímicas, el movimiento de 

electrones y protones, el consumo de especies, la 

producción de vapor de agua en los 

catalizadores  y el transporte de agua a través de 

la membrana (efecto electro-osmótico). Los 

resultados muestran que la geometría propuesta 

conduce a una excelente distribución de las 

especies, permitiendo una generación de 

corriente más uniforme y por lo tanto a una 

buena generación de energía. 

 

ABSTRACT 

This paper analyses the effect of using combined 

flow fields for the species distribution in 

PEMFCs. The combination takes into account 

two of the most effective flow fields currently in 

use: serpentine and interdigitated. The objective 

of the study is to determine whether the proposed 

flow distributor contributes to improve the fuel 

cell performance. Thus, the use of the proposed 

geometry as both, anode and cathode species 

distributor is investigated. Current density and 

species distribution, pressure drop, and 

polarization curves are obtained to perform the 

analysis. The obtained performance is compared 

to the one of a conventional commercial 

geometry (serpentine). The model adopted for 

the analysis takes into account the effects of the 

electrochemical reactions, the electrons and 

protons transport, the species consumption, the 

water vapor production in the catalysts and the 

water transport through the membrane (electro-

osmotic effect). The results show that the 

proposed geometry leads to an excellent species 

distribution allowing a more uniform current 

generation, while keeping high levels of power 

production. 

 

 

INTRODUCTION 

 

The principles of operation a proton exchange 

membrane fuel cell (PEMFC) is based on the 

direct conversion of chemical energy to electric 

energy; here hydrogen is oxidized at the anode 

chamber liberating protons and electrons which 

combine with the oxygen at the cathode side 

generating water, the protons pass through the 

membrane while the electrons cross through an 

external circuit.  The fact that electric energy is 

produce with zero harmful emissions along with 

a high efficiency and wide power range have put 

this technology as one of the best options to 

achieving a lower dependence on fossil fuels. 

 

Without a doubt, one of the tools that have 

contributed to the development of this kind of 

alternative technology is the numerical analysis. 

This kind of studies has spread analyses related 

to: the determination of effective materials for 

the involved components, the determination of 

the optimal operating conditions, the exploration 

of novel gas channels designs, just to mention a 

few. Today it is clear that flow field design plays 

a primary role in the performance of these 

electrochemical devices [1–3]. In fact, the 
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pressure drop, the electric flow resistance offered 

by the collectors, the rate of the electrochemical 

reactions, the good management of the electrodes 

(diminishing flooding due to species 

concentration), and the proper use of the reagents 

are some of the factors directly related to the 

design of the bipolar plates. 

 

       

 

 

 
Fig. 1. Common geometries used for the flow plates of a 

PEMFC: (a) straight channels,                                                                               

(b) serpentine, (c) interdigitated  geometry. 

 

In order to devise an effective flow 

distributor/collector plate there are some factors 

that should be taken into account. Firstly, since 

electrons are generated at the catalyst layer, the 

flow distributor (which also plays the role of 

electrons collector) should be designed such that 

the traveling path of the electrons is mostly 

reduced; here, the more the amount of the 

collector material in contact with the gas 

diffusion layer (GDL), the shorter the path for 

the electrons to travel; this is finally translated in 

a reduction of the ohmic losses [4]. Secondly, the 

flow plates design should correctly manage the 

species transport in the fuel cell; in this case, the 

correct water management as well as the 

uniformity of the species distribution are some of 

the important issues to be carefully considered. 

Other factor is the pressure drop which should be 

as low as possible helping to reduce the parasitic 

power needed to pump the reactants; 

furthermore, the reduction of this parameter also 

contributes in the matching of the species 

distribution with the specific design of the 

distributor (crossover species reduction). There 

are also other important factors such as 

manufacturing ease, and practicality [5].  

 

Figure 2 shows the three most common designs 

for the species distribution in PEMFCs. In 

general, these configurations are attractive since 

they are easy to manufacture and practical 

leading to a good fuel cell performance, 

however, they also presents some major 

deficiencies. Straight channels distributor (SGD) 

presents zones starving of reactant species, 

which are consequence of the not guidance of the 

species [6]. Serpentine gasses distributor (SGD), 

on the other side, even when it is the most 

acceptable because its relative effectiveness in 

species management and water removal, the fact 

that it consist of only a long channel leads to a 

substantial pressure drop and to a significant 

range of variation in the species concentration 

between the zones near and far away from the 

inlet/outlet of flows [7]. The interdigitated 

distributor (IGD) forces the reactant gases to go 

to the reactive zone improving in this manner the 

fuel utilization, even more, water is more 

effectively removed since the gases flow drags 

water out of the gas diffusion layer, 

unfortunately, operating the cell at lower current 

densities, an oversaturation of the electrodes is 

observed resulting in a misuse of the reactants, 

add to this the high pressure drop resulting from 

the hampering of the gases [8]. The fact that the 

catalysts and membrane into the system are 

homogeneously constructed requires of an 

homogeneous activation reaction along the active 

area, however the current designs lack also of 

such ability by leading to zones starving of 

species while others are fully oversaturated. 

 

Some other reported flow field configurations 

include: i) fractal [9], ii) spiral [10], iii) 

biomimetical [11], iv) radial [12, 13], and v) 

constructal [14]. The present study proposes a 

new geometric arrangement of species 

distribution. The new arrangement combines two 

common and efficient ways of fuel distribution: 

interdigitated flow and serpentine. This novel 

design, aims to attaining a more uniform species 

distribution around the active area, the central 

channels (interdigitated-effect channels) are 

positioned to increase the amount of hydrogen 

and oxygen even at the zones far from the inlet 

(which is seen as a recurring problem in the 

conventional serpentine geometry.) In the present 

work it is analyzed the effect of using the novel 

design on both the anode and cathode side or 

only on the anode side, therefore three different 

configurations are analyzed, see Table 1. It is 

noteworthy to observed that the effect of using 

dissimilar flow fields for both the anode and 

a) b) 

c) 
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cathode sides is going to be embraced also in the 

present study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

    

Fig.2. Proposed geometry for fuel distribution in the present 

study. 

 

Table 1. Analyzed configurations. 

Configuration Anode Cathode 

A 
Proposed 
Geometry 

Proposed 
Geometry 

B 
Proposed 
Geometry 

Serpentine 

Conventional Serpentine Serpentine 
 

 

COMPUTATIONAL MODEL 

 

This section describes the adopted methodology 

for simulating the PEM fuel cell operation, 

making emphasis on the correct application of 

the governing equations. In order to assess the 

effect of the flow pattern in the fuel cell 

performance, each analyzed configuration is 

simulated using the same active area and 

material properties, the concentration of the 

reactants and operating conditions are also the 

same.  

 

Computational domain 

 

Figure 3 shows the components of a PEMFC. In 

order to compare the results, a conventional 

PEMFC using the serpentine geometry for both 

anode and cathode has been also analyzed. Table 

2 shows the dimensions for each component used 

in the computational domain. 

 

Model Assumptions 

The assumptions of the present numerical model 

are: (1) steady state, (2) equilibrium of phases, 

(3) laminar flow, and (4) isotropic solid materials 

with constant properties. 
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Fig. 3. Main components of a PEMFC. 

 

Table 2. Computational domain dimensions of the PEMFC 

components [12]. 

Description Value 
(mm) 

Collector height (HCOLL) 0.5 
Collector width (WCOLL) 1 
Channel height (HCH) 1  
Channel width (WCH) 1  
Gas diffusion layer thickness (HGDL) 0.28 
Catalyst thickness (HCL) 0.025 
Membrane thickness  (HMEM) 0.18 
Plate length (Lp) 51 

 

Governing equations 

 

The numerical analysis is performed using a 

CFD commercial code. The numerical model is 

similar to the one used in [15-18] which takes 

into account the mass conservation, momentum 

and species transport for both, anode and cathode 

side. The only difference is that the present study 

adds the electrical potentials in the membrane 

ϕmem and in the collectors ϕsol; these potentials 

govern the movement of the protons and 

electrons respectively and its addition will take 

into account the effect of the electrochemical 

reactions in these volumes. The governing 

equations are shown in Table 3. 

 

The terms added to the governing equations, 

better known as source terms, take into account 

Outlet 

Inlet 
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the electrochemical effects occurring in the cell. 

The source terms are non-zero at the specified 

zone or volume (see Table 4), otherwise their 

value is zero. Table 5 shows the equations for the 

different phenomena present in the PEMFC. The 

values used for the equations are listed in Table 

6. 

 

 

Fig.4. External boundary conditions. 

 

Boundary conditions 

 

The boundary conditions are defined at the inlet, 

outlet, walls and at the interfaces between 

consecutive layers. At the outlet, the gauge 

pressure is defined equal to zero, considering that 

the gases are discharged to the environment. The 

main boundary conditions around the 

computational domain are shown in Figure 4. At 

the interfaces between the gas flow channels and 

the GDLs (gas diffusion layers), the velocity, 

mass flux, species concentration and species flux 

are all continuous, and they were considered as a 

porous jump. At the interface between GDLs and 

the CLs (catalyst layers), the velocity and 

concentration conditions are similar to those at 

the interface between the gas flow channels and 

the GDLs. At the interfaces between the catalysts 

and the membrane the mass flux is zero because 

the gas species cannot pass through the 

membrane. The main characteristic of this type 

of membranes is that only the protons can pass 

through it. However, water diffusion through the 

membrane from the anode is taken into account 

by the electro-osmotic coefficient. 

 

The inlet flow rates for the anode and cathode 

have been defined using the stoichiometric flow 

ratio, ζ, which is defined as the quantity of 

reactant fed to the fuel cell, divided by the 

required quantity in the electrochemical reaction. 

Thus: 
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Numerical procedure and model assumptions 

 

A computational commercial code based on the 

finite volume technique is used to analyze the 

electrochemical reactions occurring at the 

catalyst layer/membrane interface (for both, 

anode and cathode side), in other zones, such as 

the gas diffusion layer, no chemical reactions 

occur.  The pressure-velocity coupling algorithm 

employed for the numerical solution is the 

SIMPLE algorithm which uses the pressure-

based segregated algorithm to solve the 

governing equations. The convergence criterion 

for the residuals was set to 10
-7

, and convergence 

is checked calculating the scaled residual as 

follows: 
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  (34) 

 

where ap is the center coefficient, anb are the 

influence coefficients for the neighboring cells, 

and b is the contribution of the constant part of 

the source term. 

 

The numerical procedure is as follows:  

 

1. Fluid properties are updated based on the 

current solution. 

2. The solution for the Navier-Stokes equations 

in each direction is found, one after another, 

using the recently updated values of pressure 

and face mass fluxes. 

3. Face mass fluxes, pressure, and velocity 

fields are modified through a correction of 

pressure using the recently obtained field and 

mass-flux. 
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Table 3.  Governing equations. 

 

Governing Equations Mathematical Expression  

Mass conservation   iSV  
 

(1) 

Momentum     pSVPVV  
 

(2) 

Hydrogen transport  
222 HHH SJYV  

 
(3) 

Oxygen transport  
222 OOO SJYV  

 
(4) 

Water transport in the anode   OaHOHOH SJYV
222

 
 

(5) 

Water transport in the cathode   OcHOHOH SJYV
222

 
 

(6) 

Solid Potential  0)(  solsolsol S
 

(7) 

Membrane Potential 0)(  memmemmem S
 

(8) 

 

Table 4.   Source terms and application zones. 

 
Zone Source Term 

Interface catalyst/membrane: 

 

  

 anode 
OaHHi SSS

22
   (9) 

a
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H R
F

M
S

2

2

2


 

 (10)   
 

cathode 
OcHOi SSS

22


 
(11) 

c

O

O R
F

M
S

4

2
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c

OH
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F
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Catalyst:    

anode 
asol RS 
         

(14) 
amem RS                                                      (15) 

cathode 
csol RS 
        

 (16) cmem RS 
                                               

      (17) 

Porous zone                                  VS p





                                                                                             

(18) 

 
Table 6.  Parameters used in the numerical model. 

 

Description Value 

Reference current density at the anode (
ref

aj )  (A m
-3

)  1.0 x 10
9
 [19] 

Reference current density at the cathode (
ref

cj ) (A m
-3

) 3 x 10
5
 [19] 

Porosity of the GDL (εGDL)  0.4 [8] 
Porosity of the CL (εCL) 0.4 [8] 
Electrical conductivity of the GDL (σGDL) (Ω

-1
m

-1
) 53 [8] 

Electrical conductivity of the CL (σCL) (Ω
-1

m
-1

) 53 [8] 
Electrical conductivity of the solid phase (σsol) (Ω

-1
m

-1
) 1.25 x 10

5
 [20] 

Concentration coefficient at the anode (γa) 0.5 [21] 
Concentration coefficient at the cathode (γc) 1 [21] 
Transfer coefficient at the anode (αa) 2 [19] 
Transfer coefficient at the cathode (αc) 1 [19] 

Reference diffusivity for hydrogen (
0

2HD ) (m
2
 s

-1
)  1.1 x10

-4
 [19] 

Reference diffusivity for oxygen (
0

2OD ) (m
2
 s

-1
) 3.2 x 10

-5
 [19] 

Reference diffusivity for water (
0

2OHD ) (m
2
 s

-1
) 7.35 x 10

-5
 [19] 

Permeability (β) (m
2
) 2.0 x10

-10
 [7] 
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Table 5. Equations for the modeling of the phenomena. 

 

Exchange current density at the anode Ra and cathode Rc side, 
respectively. These are defined by the  Butler-Volmer function: 
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(20) 

Driving force, local surface over-potential: memsola  
 

(21) 

Over-potential in the cathode side: OCmemsolc V 
 (22) 

Open circuit voltage: 2329.00025.0  TVoc  (23) 

Mass diffusion flux of species in the ξ direction: 
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Diffusion coefficient [22]: 
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Water diffusivity in the membrane (f(λ) symbolizes a water content 
function) [23]: 
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Water content function in Eq. 26 [23]:   410000671.00264.033.0563.2)( 632   f   

Water content function [23]:  
103685.3981.170043.0 32  aaaa  

31)1(4.114  aa  
(27) 
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(28) 

Saturation pressure: 
15.273

104454.1101837.910953.21794.2log 37252

,10



 

Tz

zzzPsat
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Membrane conductivity [23]:  
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1
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1
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303100   (30) 

Membrane conductivity at 303 K [23]:   0.00326-0.005193303  K
  

Osmotic drag coefficient [23]: 
22

5.2


 d

 
(31) 
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4. The equations of species transport and phase 

potentials are solved using the current values 

of the solution variables. 

5. The source terms related to the 

electrochemical effects occurring in the cell 

are updated. 

6. Convergence of the equations is checked. 

 

 

RESULTS 

 

The numerical results are validated using an 

experimental analysis of a straight channel for a 

PEM fuel cell [19]. This geometry presents the 

advantage of being a simple flow distributor as 

compared to some other experimentally 

analyzed configurations. The operating 

conditions for the validation of the model are 

presented in Table 7, these conditions are also 

adopted to perform the present analysis. 

 
Table 7.  Operating conditions of the cell (validation model 

and present study) [19]. 

 

Description   Value 

Cell temperature (°C) 70 
Operating pressure (atm) 2 
Relative humidity of the fuel entrance (%) 100 
Relative humidity of the air entrance (%) 100 
Reference current density (A cm-2) 1 
Stoichiometric ratio for the anode  1.5 
Stoichiometric ratio for the cathode 2 
Nitrogen/oxygen mole fraction  at the inlet 
cathode 

0.79/0.21 

 

 
Fig.6. Comparison of the polarization curves. 

 

Figure 6 shows the comparison between the 

present numerical model and the experimental 

polarization curve of the fuel cell reported by 

Um. According to the results, the numerical 

prediction is close enough to the real behavior 

presented by a straight-based PEMFC. It can be 

seen from Figure 6 that small variations exist; 

these arise from the uncertainties of the physical 

parameters employed by the modeling 

equations. However, the differences are minimal 

and the results present a similar trend. This gives 

further confidence that our numerical model is 

appropriate to conduct the comparative study of 

the distributors.  

 

The polarization and power curves are the most 

important indicators of a PEMFC performance 

under different operating voltages, allowing the 

visualization of the main irreversibilities and 

power generated in the fuel cell operation, 

respectively.  

 

Figure 7 presents the performance curves 

obtained from the numerical simulations for 

each configuration in Table 1.   The performance 

behavior was found to be very similar between 

configuration B and the conventional 

configuration (see Table 1), obtaining 

overlapped trends in almost the entire range of 

the fuel cell operation. However, configuration 

A leads to significant differences. The initial 

results, therefore show that the proposed 

serpentine-interdigitated configuration is only 

appropriated for the hydrogen distribution. 

 

The activation irreversibilities are present during 

the entire operation of the fuel cell, having a 

remarked effect at low current densities (below 

0.1 A/cm
2
), where a significant amount of 

energy is needed to preserve the electrochemical 

reactions. Despite the flow pattern used in the 

fuel cell, these losses presented a similar 

behavior in the performance curves for each 

configuration (the three configurations were 

simulated at the same, previously stated, 

conditions.) 

 

 

Fig. 7 Performance curves of the simulated flow distributors. 

 

The electrical resistance presented by the solid 

components in the PEMFC due to the flow of 

electrons and protons moving from anode to 

cathode are addressed as the ohmic 

irreversibilities. This resistance is modeled by 
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Ohm’s Law, ηohm=iR, where i is the current 

density and R is the specific electrical resistance 

accounting for the overall resistance of the 

current collectors and electrolyte. This type of 

losses can be perceived in the linear part of the 

polarization curves, which for the case of the 

conventional configuration are generally 

presented in the range of 0.1~1.0 A/cm
2
.  

According to Fig. 7, the configurations B and C, 

present an overlapped trend in the ohmic losses, 

indicating that both configurations have similar 

capabilities in the species and electrons 

transport. The configuration A, on the other 

hand, is governed by the concentration losses 

(effect evidenced by the sudden reduction of the 

polarization curves). Now that the only 

difference between configurations A and B lies 

in the cathode species distributor, it can be 

concluded that the use of the proposed geometry 

for the cathode species distributor hampers the 

cell to reach high levels of current density 

production. 

 

Whereas polarization and power curves give an 

overall evaluation of the PEMFC performance, 

there are other locally measured parameters that 

are useful to complete the assessment of a cell 

design. One of these is the effectiveness of the 

distributors in handling the species at the anode 

and cathode sides. Figure 8 shows a comparison 

of the oxygen mass fraction contours over the 

active area for each analyzed configurations at 

an operating condition of 0.6 V. It must be 

pointed out that the oxygen consumption pattern 

follows the direction inlet-outlet, just as 

expected. Interestingly, for the cathode side, the 

proposed design harms the oxygen uniform 

distribution (Figure 8 a)), a phenomenon that 

explains the reason of the dominating 

concentration losses for the referenced 

polarization curve. Accordingly, once the 

oxygen is feed to the proposed distributor, most 

of it leaves the cell by traveling only through the 

central channel abandoning the active area with 

starving zones of oxygen.  This adverse effect 

might be due to the pronounced flow velocity of 

the cathode species. Therefore, as was 

previously noted, the proposed configuration 

does not properly manage the species at the 

cathode side. One possible option to revert these 

results is by considering the blocking of species 

at the central channel. Blocking the central 

channel, the only alternative of the species to 

leave the cell is by reacting (arrive to the active 

zone) or by traveling to the serpentine channels. 

In this way the oxygen might be forced to cover 

the starving zones. Continuing with the results, 

it must be recalled that both configurations, B 

and conventional, have a serpentine pattern as 

cathode gas flow channels. In Figures 8 b) and 8 

c) the same scale is used, allowing to observe a 

similar oxygen distribution; thus, it is concluded 

that not important effect of the anode gas flow 

channels is observed over the oxygen mass 

fraction contours at the given operating 

condition studied.  

    
a) Configuration A 

   
b) Configuration B 

    
c) Conventional Serpentine 

Fig.8. Oxygen mass fraction contours in the cathode gas 
flow channels for all three configurations. 
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Figure 9 shows the mass fraction contours of 

hydrogen at an operating condition of 0.6 V for 

the three cell configurations. According to the 

results, the proposed SIGD achieves a better 

capability to distribute the fuel that to distribute 

the oxygen. As was pointed out, this effect is 

mainly due to the flow velocity, which is higher 

for the cathode species than for the anode 

species. The proposed distributor accomplishes 

its main objective of homogenize the species 

concentration, effect that  is mainly observed in 

Fig. 9 b); the implementation of the central 

distributor between the two serpentines leads to 

maintain a very uniform mass hydrogen 

concentration, better than the conventional 

configuration.  
 

    
a) Configuration A 

    
b) Configuration B 

   
c) Conventional Serpentine 

Fig. 9 Hydrogen mass fraction contours in the anode gas 

flow channels for all three configurations. 

Considering now the case of conventional 

serpentine configuration, Figure 9 c), even when 

this distributor is recognize because of its high 

levels of energy production and the good water 

management at the cathode, its main weakness 

lies in the not perfect uniformity in the fuel 

distribution, its long channel produces a 

significantly difference in the species 

concentration between the zones near and far 

away from the inlet/outlet. This phenomenon 

also found in the present study, where the result 

in Figure 9 c) evidences the fact of the no-

homogeneity of the hydrogen along the channel. 

As a close remark to this discussion, the fuel 

distribution shows an increase in the 

concentration following the direction inlet-

outlet. Such a behavior can be explained due to 

effect of electro-osmotic drag, while hydrogen is 

consumed at the electrode-electrolyte interface, 

water molecules are dragged from anode to 

cathode side by protons; therefore, the 

concentration of water vapor is reduced and the 

hydrogen concentration increases. 

 

The utilization of active area given by the local 

current density production over the MEA is 

another important parameter in the evaluation of 

the effectiveness of the distributors; this 

parameter represents the local performance 

developed by the PEMFC. Figure 10 depicts a 

comparison of current density contours for the 

analyzed configurations; the contours are 

obtained at an operating condition of 0.6 V and 

at the interface between the electrode and the 

MEA in the anode side. It is observable that the 

current density produced by using configuration 

A is significantly reduced in comparison to the 

other configurations. This is a consequence of 

the poor oxygen distribution, which was 

previously discussed. In the case of the 

conventional SGD (Figure 10 c)), the results 

show that the reactions have a preferable zone of 

occurrence near the inlet where the oxygen has a 

large concentration. Observe, for example, how 

the current density generated by using the 

serpentine geometry decreases in the zone nears 

the outlet (where there is a lack of hydrogen.) 

This discouraging result can further lead to 

reduce activity of the electrodes which is a 

major concern in the fuel cells operation (as was 

previously mentioned, in these electrochemical 

devices, an homogeneous species distribution is 

highly required now that the catalysts and 

membrane are homogeneously fabricated.)  With 

respect to the configurations using the SIGD 

distributor in the anode side and the 
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conventional geometry at the cathode side 

(Configuration B), it is interesting to observe 

that the current density is mostly equally 

produced at the zones near and far away from 

the inlet/outlet; in such a case, the use of the 

proposed configuration then could lead to a 

more uniform exploit of the membrane and 

catalyst materials at the cell. This slightly 

superior distribution of the current distribution 

comes as a result of a better uniform distribution 

of the species at the anode side; this conclusion 

is based on the observation of the species 

distribution contours (Figures 8 and 9) that were 

previously discussed. 

    
                 a) Configuration A 

    
                 b) Configuration B 

       
                c) Conventional Serpentine 

Fig. 10 Current density contours [A/m2] for all three config-
urations. 

 

CONCLUSIONS 

 

A 3D CFD analysis for different configurations 

of a proton exchange membrane fuel cell was 

performed. The analysed configurations were: i) 

a proposed geometry for fuel and oxygen 

distribution, ii) a combination of the serpentine 

and the proposed geometry, and iii) the 

conventional serpentine configuration. All 

configurations were compared via polarization 

curves, and contours of species and current 

distribution. 

 

It was found that the proposed bipolar plate 

design allows an excellent PEMFC performance. 

The combination of the interdigitated and 

serpentine concepts helps the species transport, 

eliminating the zones of high and low 

concentration, especially for the hydrogen 

distribution. At the proposed configuration, the 

two extreme serpentines help to effectively 

distribute the hydrogen along the active area, 

whereas the interdigitated concept helps 

reducing the species gradient from inlet to 

outlet. This allows attaining a better 

performance at high current densities. 

 

The results show the capability of the proposed 

design to accomplish a similar performance of 

one of the most accepted flow fields in the state 

of the art. Furthermore, the proposed design 

increases the hydrogen distribution beneficially 

impacting the current density generation. This 

improvement also helps exploiting at its maxi-

mum asset the materials involved, such as the 

catalysts and the membrane, now that the elec-

trochemical reactions take place in a more uni-

form way. 

 

Thus, based on the overall results of the present 

analysis, even when still there have to be looked 

for some possible modifications allowing to a 

better species distribution (especially at the 

cathode side), this work shows that the combina-

tion of the most effective field to the species 

distribution (serpentine and interditated) may 

lead to an effective flow plate design.   

 

NOMENCLATURE 

 

A Area (cm
2
) 

Di Mass diffusivity  of species i (m
2
 s

-1
) 

Dw Water Diffusivity in membrane (cm
2
 s

-1
) 

F Faraday constant (96487 C mol
-1

) 

H Height  (mm) 

ISBN 978-607-95309-9-0 Página | 1184 Derechos Reservados © 2013, SOMIM



MEMORIAS DEL XIX CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
25 al 27 DE SEPTIEMBRE, 2013 PACHUCA, HIDALGO, MÉXICO 

 

 

ref

kj  

Volumetric reference exchange  

current density in stream k (A m
-3

) 

Ji Mass diffusion flux of  species i 

L Length (mm) 

Mi Molecular weight of species i (kg kmol
-1

) 

P Total pressure (Pa) 

P0 Reference pressure (101325 Pa) 

R Universal gas constant (8.314 J mol
-1

K
-1

) 

Rk Exchange current density (A m
-3

) 

Rohm Ohmic resistance, (Ω) 

S Source term in the transport equations 

T Temperature (K) 

T0 Reference temperature (300 K) 

V  Velocity vector (m s
-1

) 

Voc Open circuit voltage (V) 

Vcell Cell voltage (V) 

W Width (mm) 

Xi Mole fraction of species i 

Yi Mass fraction of species i 

Greek symbols 

α Charge transfer coefficient (dimensionless) 

β Permeability (m
2
) 

ε Porosity of the medium (dimensionless) 

ϕk Electrical potential in the k interface (V) 

γ Concentration coefficient (dimensionless) 

η Overpotential (V) 

λ water content (dimensionless) 

μ dynamic viscosity (kg s m
-2

) 

ϑ volumetric flux in the inlet (cm
3
s

-1
) 

σ electrical conductivity  (ω
-1

 m
-1

) 

ρ density (kg m
-3

) 

ξ cartesian direction x, y, z 

ζ stoichometric flux ratio 

ϴd electro-osmotic drag coefficient 

Subscript/Superscripts 

a Anode 

c Cathode 

CL Catalyst layer 

GDL Diffusion layer 

CH Channel 

COLL Collector 

i Species 

in Inlet 

k  Anode or cathode 

mem Membrane 

MEA Membrane electrode assembly 

p Porous 

pl Flow plates  

Ref Reference value 

sol Solid 

sat Saturation 
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