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Introduction:  This work presents the application of numerical 
techniques in a model of PEM fuel cell with the objective of improving 
the sensoring of water and oxygen mole fractions at the cathode. The 
fuel cell has 5 cm2 of geometric area and the COMSOL Multiphysics'®  
CFD and Chemical Reaction Engineering modules allowed the 
implementation of the problem and its complex multiphysics. The 
domain geometry is showed in Figure 1(a), and the multilayer physics 
of the cell is presented in Figure 1(b).

Results:  Figures 6(a) and 6(b) present the variation of the 
oxygen molar fraction along the horizontal lines (11 lines (a) and 
2 lines (b)), in the range of 0.1 – 0.95 V, at 308 K. Figure 7 
presents the variation of oxygen molar fraction along the vertical 
line, in the range of 0.1 – 0.9 V, at 298 K, 308 K, 318 K and
328 K. The polarization curves are showed in Figure 8, 
presenting a good correlation of experimental and numerical 
responses at 298 K, 308 K, 318 K and 328 K.

Conclusions: The numerical results allow to predict the behavior 
of the PEM fuel cell when it works in low temperatures, that is, 
condition in which the efficiency control is more difficult. Usually, 
flooding problems are observed in this context. The study of 
phenomena and the control of operating conditions are very 
difficult tasks for researchers and the use of numerical sensoring 
is of great help, when allied to the experimental results.

Figure 8. Polarization curves.
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Figure 6. Oxygen molar fraction values
along the horizontal lines, T=308 K.

Figure 7. Oxygen molar fraction
values along the vertical line.

Figure 1. Fuel Cell geometry with (a) parallel channels and (b) multilayer view.

Computational Methods: The 
model makes use of the Free and 
Porous Media Flow, Transport of 
Concentrated Species and 
Secondary Current Distribution 
physics interfaces. The need to 
recognize a geometric figure of merit 
that meaning the region of 
sensoring, led us to define the lines 
localized  in the center of the cell.
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Figure 3. Horizontal lines sensoring.
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Figure 4. Horizontal lines sensoring.
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Figure 2. Vertical line sensoring.

Experimental setup: The 
unitary fuel cell operated in 
the laboratory is showed in 
Figure 5. It has 5 cm2  of 
geometric area and a cathodic 
side made of a golden 
channel flow plate and a 
polycarbonate endplate.

Figure 5. PEM Fuel Cell setup.
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Figure 2 shows one vertical line and Figures 3 and 4 show 
horizontal lines (11 lines and 2 lines, respectively), used in order to 
take the readings from the model. These lines are localized in the 
middle plane of the central channel of the cell (inset of Figure 3). 
These detection lines represent the numerical readings, that are 
very interesting to the fuel cell researcher, because they capture 
important information about oxygen and water at cathode domain.
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