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Abstract
Proton exchange membrane fuel cells (PEMFCs) are very 
promising for both mobile and mid-power stationary applications. 
One of the key component of fuel cells is the flow field plate 
through which hydrogen fuel will reach the anode and oxygen 
reach the cathode. Another function of the flow field plate is 
the electron collection. Traditionally flow field plates are made 
of graphite which makes them good for current collection. The 
dimensions of the flow channel play an important role in fuel 
cell performance. Here we build a three dimensional model for 
a fuel cell using COMSOL Multiphysics. The performance of the 
cell is studying under varying channel widths and rib widths.
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I. Introduction
Fuel cells [1] are emerging as the power sources of the future. 
PEM fuel cell [2] are the most popular type of fuel cells which 
use hydrogen as the fuel. The necessary improvements for fuel 
cell operation [3] and performance demands better design 
and optimization. These issues can be addressed easily if 
mathematical models [7, 9, 10] are available. Traditionally the 
flow field plates are made of graphite and the current collection 
is carried out from the flow field plates. But in literature, many 
authors [4-6] have reported building micro fuel cells, where the 
flow field plates are also made of silicon. The channel width 
and rib width plays an important role in the performance of 
micro fuel cells. Rib width is defined as the width of the GDL 
which is not covered by the flow channel.

II. Governing equations for the fuel cell model
Mass conservation or continuity equation tells that the change 
of mass in a unit volume must be equal to the sum of all 
species entering or exiting the volume in a given time period. 
This law applies to the flow field plates, GDL and the catalyst 
layer. Momentum conservation relates net rate of change 
of momentum per unit volume due to convection, pressure, 
viscous friction and pore structure. This law applies to the flow 
field plates, GDL and the catalyst layer. Species conservation 
relates the net rate of species mass change due to convection, 
diffusion and electrochemical reaction. The most commonly 
used one is the Stefan-Maxwell diffusion equation. Charge 
conservation corresponds to the continuity of current in a 
conducting material. This is applied to the GDL, catalyst layer 
and the membrane.

III. Experimental
The Nafion 212 membrane was boiled in 3% H2O2 solution for 
1 hour. Then membrane was placed in de ionized water and 
boiled for 1 hour. Again membrane was boiled in 0.5 M H2SO4 
solution and again boiled in deionized water. The membrane 
is ready for use now. Two pieces of Toray carbon paper were 
cut in size of 2.2cm x 2.2cm.Amorphous carbon Vulcan XC- 

72 of weight was ultrasonicated in isopropanol to which PTFE 
dispersion was added, which varies from 15 to 30 wt% to make 
the slurry. This slurry was then brushed on carbon paper pieces 
and dried at 80o C to make GDL.The above steps were repeated 
with platinized carbon from E-Tek. 20% weight of platinum 
on carbon. Nafion concentration was kept fixed at 30 wt % of 
catalyst. Platinum loading was 0.2 mg/cm2 on anode and 0.4 
mg/cm2 on cathode. Now the two electrodes are ready and the 
membrane in placed between the two electrodes, which was 
sandwiched between 2mm thick Teflon sheets and hot pressed 
the assembly together  for 2 min under 50 atm of pressure, at 
approx 125 degrees.
The MEA is tested in Arbin Instruments fuel cell test station 
with 100 % humidified oxygen and hydrogen gas. Flow rates 
were maintained at 0.2 SLPM. The gas was passed for 15 min 
to completely humidify the membrane after which a constant 
current was drawn in the intervals of five minutes and voltage is 
noted. Impedance spectroscopy was performed in galvanostatic 
mode for current densities upto 1.2 A/cm2 where anode is used 
as a reference and counter electrode whereas cathode served 
as a working electrode.

IV. The Model
A 3 dimensional model [8] of a PEM fuel cell is implemented 
using COMSOL Multiphysics. The present model is established 
based on the following assumptions:

Flow is laminar everywhere due to small gas pressure 1. 
gradient.
Reactant gases behave as the ideal gas mixture.2. 
The electrodes and membrane are made of homogeneous 3. 
materials.
The temperature distribution across the cell is uniform.4. 
Water exists only in the gas phase in the fuel cell.5. 
The polymer electrolyte membrane is impermeable to 6. 
reactant gases.
Protons can only transport through the electrolyte, and 7. 
electrons through the solid phase.
Three species including oxygen, water and nitrogen are 8. 
considered on the cathode side while only hydrogen and 
water are considered on the anode side.
The fuel cell is operating at the steady state.9. 

The following are the operating conditions of the model.
Cell length (L)                                 20 mm • 
Channel height                               1 mm• 
Channel width                                 0.7mm• 
Rib width                                        1   mm• 
GDL width                                            0.3 mm• 
Porous electrode thickness                   0.5 mm• 
Membrane thickness                            0.05 mm• 
GDL Porosity                                        0.4• 
GDL electric conductivity                  1000 S/m• 
Inlet H• 2 mass fraction (anode)              0.743
Inlet H• 2O mass fraction (cathode)        0.023
Inlet oxygen mass fraction (cathode)    0.228• 
Anode inlet flow velocity                       0.2m/s• 
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Cathode inlet flow velocity                     0.5m/s• 
Anode viscosity                            1.19 E-5 Pa.s• 
Cathode viscosity                        2.46 E -5 Pa.s• 
Permeability (porous electrode)  2.36 E -12 m• 2

Membrane conductivity                     10 S/m• 

Fig. 1, shows the structure of the model developed in Comsol 
Multiphysics.The top part is the anode side while bottom part 
corresponds to the cathode.

Fig. 1: The schematic PEM fuel cell model

V. Result

Fig. 2: Polarization plot for experimental and modelling 
results

Fig. 2, shows the experimental and modeled polarization 
plot. Fitting is obtained by varying active surface area of the 
catalyst per unit volume and cathodic Tafel slope. Membrane 
conductivity was determined from the high frequency intercept 
in the Nyquist plot, assuming negligible contact resistance. Its 
estimated value is 10 S/m over the modeled current density 
range. 
Impedance spectroscopy [11] in fig. 3, shows the Nyquist plot 
for the MEA. Following observations can be made from these 
plots.
1. For all current densities HFR is nearly the same which 
means no change in membrane conductivity. But there is slight 
increase in HFR above current density of 1 A/cm2, which may 
be due to gradient of water across the membrane due to higher 
production rate of water at the cathode. 
2. Mid frequency arc diminishes as current density increases. 

This is due to decrease in charge transfer resistance which is 
related to the faster kinetics of oxygen reduction at high current 
densities. This behavior is observed upto current density of 1.2 
A/cm2, the mid frequency arc starts increasing after this. This 
may be attributed to oxygen mass transport limitations due to 
water accumulation on the cathode side.
3. The low frequency arc of small diameter appears above the 
current density of 1.5 A/cm2., which is attributed to the start of 
flooding in the electrode due to liquid water accumulation.

Fig. 3:  Nyquist plots of the MEA, values assigned to the markers 
refers to the total current

VI. Effect of channel width
Effect of channel width on the performance of the cell is studied 
by varying the width of the channel and keeping channel width 
to rib ratio constant at 1. All other parameters of the cell are 
kept constant. As can be seen from  fig. 4, that the performance 
of the cell degraded as the width of the channel is increased 
from 0.5 mm to 2 mm. The probable reason for this stems from 
oxygen concentration distribution in the cell for various channel 
widths as oxygen concentration is directly related to local 
current density inside the cell at higher current densities.

Fig. 4: Polarization curves for different channel widths with 
channel width to rib width ratio is one

Fig. 5, shows oxygen mole fraction on the surface of cathode 
catalyst layer along the length of the channel. These line graphs 
are taken at the center of the length of the cell. From these 
profiles it appears to contradict the assumption mentioned 
above as the oxygen fraction is highest for the channel width 
of 2 mm and lowest for the channel width of 0.5 mm. But the 
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situation becomes clearer when we look at fig. 6, It shows 
oxygen mole fraction plotted in the direction perpendicular 
to the channel on the catalyst surface. Gaussian distribution 
of the species is observed with the peak in the middle of the 
channel. It includes the effect of the rib where the catalyst 
underneath the rib is hidden. From the fig. 5, it is clear that 
oxygen mole fraction is increased under the rib as the width of 
the channel is decreased. This is due the higher pressure drops 
created along the length of the channel at smaller widths of 
the channel. This scenario is clear from the fig. 7, which shows 
the pressure of the mixture along the length of the channel. 
Higher pressure drop forces more oxygen molecules inside the 
rib thereby increasing their concentration.

Fig. 5: Oxygen mole fraction along the length of the channel for 
different channel widths at cell potential of 0.4 V

Fig. 6: Oxygen concentration profiles across the length of the 
channel for different channel widths at cell potential of 0.4 V

Fig. 7: Pressure variation along the length of the channel for 
different channel widths

VII. Effect of Rib Width
Fig. 8, shows the simulated polarization curves for the 
constant channel width and varying channel rib. As expected 
the performance of the cell is lowered as the width of the rib 
is increased because of the oxygen mole fraction distribution 
as shown in fig. 9. But the performance degradation is higher 
beyond rib width of 0.7 mm. Cells with rib widths of 0.2 and 
0.7 have nearly the same performance.

Fig. 8: Polarization curves for different rib widths with channel 
width kept constant at 0.5mm

Fig. 9: Oxygen mole fraction profiles across the length of the 
channel for different rib widths for cell potential of 0.4 V

VIII. Conclusion
A 3-dimensional model for PEM fuel cell is validated under the 
experimentally feasible assumptions. The effect of channel 
width and rib width on the fuel cell performance is studied by 
considering various channel widths and rib widths employing 
different distributions and dimensions. The performance of the 
cell is degraded as the width of the channel is increased from 
0.5 mm to 2 mm. Also the performance of the cell is lowered 
as the width of the rib is increased.

References
[1] B Viswanathan, M Aulice Scibioh,“FUEL CELLS Principles 

and applications”, University Press, Chennai, 2006. 
[2] Ryan O Hayre, Suk Won Cha, Whitney Collela, Fritz B 

Prinz,“Fuel Cell Fundamentals. John Wiley and sons," 
2005.

[3] T.S.Zhao, K.D Kreur, Trung Van Nguyen, “Advances in Fuel 
cells”, Elsevier, Great Britain, 2007.

[4] C.Xie, J.Bostaph, J.Pavio, "Development of a 2W direct 
methanol fuel cell power source", Journal of power sources, 
Vol. 136 ,No 1, pp. 55-65, 2004. 



IJECT Vol. 2, IssuE 4, oCT. - DEC. 2011 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g54  InternatIonal Journal of electronIcs & communIcatIon technology

[5] Zhen Guoa, Amir Faghri, "Development of planar air 
breathing direct methanol fuel cell stacks", Journal of 
power sources, Vol. 160, No 2, 2006, pp. 1183-1194, 
2006.

[6] Stefan Wagner Roger Hahn, H. R., "Development of Micro 
Fuel cells with MEMS", Geramny, MINATEC, 2003.

[7] Adrew Rowe, Xianguo Li., "Mathematical modeling of 
proton exchange membrane fuel cells", Journal of power 
sources, Vol. 102, No 1, pp. 82-96, 2001.

[8] S Dutta, S shimpalee, J W Van Zee, "Three Dimensional 
numerical simulation of straight channel PEM Fuel Cells", 
Journal of Apllied Elecrochemistry Vol. 30, pp. 135-146, 
2000.

[9] Sukkee Um, C Y Wang , K S Chen, "Computational Fluid 
Dynamics Modelling of Proton Exchange Membrane Fuel 
Cells", Journal of the Electrochemical society, Vol. 147, 
No. 12, pp. 4485-4493, 2000.

[10] Vladimir Gurau, Hongtan Liu, Sadik Kakac, "Two 
Dimensional model for proton exchange membrane fuel 
cells", AIChE Journal, Vol. 44, No 11, pp. 2410-2422, 
1998.

[11] E. Bradley Easton, P. G., “An electrochemical impedance 
spectroscopy study of fuel cell electrodes”, Electrochimica 
Acta ,Vol. 50, pp. 2469–2474, 2005.

                          
Ramesh Pushpangadan received his B.Tech 
degree in Electronics engineering and M.Tech in 
Instrumentation Engineering in 2000 and 2003 
respectively. He joined Department of Electronics 
and communication engineering, College of 
engineering Munnar as a lecturer in 2004. Later 

he was promoted to the post of assistant professor in 2007 .He 
is currently working towards his Ph.d in electrical engineering 
from IIT Bombay. His areas of interests are fabrication, testing, 
packaging and modelling of PEM fuel cells.


