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Figure 16: Air Pressure Distribution Inside the Cooling
Channel at 15 mm Plane Sections
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Figure 17: Analysis of Air Pressure Drop for the Simulated Cases

at similar delivery velocities compared to the 40 channels. The 40 channels
configuration also allows a more uniform pressure gradient towards the exit. The
highest pressure drop was fittingly expected from the highest delivery velocity,
in which the single channel pressure drop was also twice the pressure drop of
the 40 channel. However, the exit pressure (at 135 to 150 mm planes) of the 3
m/s delivery velocity exhibits a lower value than the surrounding atmospheric
pressure, suggesting that the simulation predicts a possible backpressure flow
could occur at the channel exit.

All simulation cases combining internal and external convection
demonstrates the capability to achieve the required cooling performance of
nearly 100%. However, the rates for internal cooling within the channels are
varied. The internal convective cooling is constant with the flow velocity profile
and AVRF. Higher velocities and mass flow allow rapid heat removal from the
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Figure 18: Cooling Rates and Contribution Percentages

hot surface. The 40 channel configuration demonstrates the lowest internal
cooling percentage of 66% at 1 m/s. However, the slow moving air flow over
the exposed stack surfaces allows the formation of flow boundary layers closer
to the surface, providing adequate external convective cooling for a total cooling
ratio of 100%. To achieve at least 90% internal convection effects, the minimum
delivery velocity is determined to be 2 m/s (or Re >1000).

The most important benefit of high internal cooling rates is the reduction of
the temperature gradients throughout the bipolar plate. Comparing Figures 11, 12
and 18 indicates that higher internal cooling percentages, such as demonstrated
by both designs at 3 m/s delivery velocity, leads to lower temperature gradients
(less than 0.1°C/mm) and closer to uniform plate temperature distribution.
Multiple cooling channel configurations are proven to be more suitable than a
single channel in achieving low temperature gradients. Even though the internal
cooling rate for the 40 channels at 1 m/s is lower than the single channel at similar
delivery velocity, the average temperature gradient is 50% lower, resulting in
better temperature distribution within the plate. Localized and concentrated
cooling provided by the 40 channel configuration is effective in promoting fuel
cell temperature uniformity. However, the optimum geometry and number of
channels for this purpose is not explored further within this paper.

Validation with Analytical Models

Validation of the cooling rates was performed by comparing the internal
convection boundary heat transfer from the simulation with analytical models
on internal forced convection (Figure 19). The mean air velocity and average
plate surface temperature for all analytical cases refers to the values obtained
from the simulation. Assuming fully developed laminar flow throughout, the
cooling channel and stack cooling rates were analyzed based on the fin efficiency
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Figure 19: Analytical and Simulation Internal Convection Cooling Rates

analogy. The mean error is 8% for the single channel and 10% for the 40 channel,
while the standard deviation is 4% and 9% for the cases respectively. The
differences in cooling rate values are expected as the analytical models refer to
a single velocity value throughout the channels. The margins of difference are
acceptable, proving that the fin heat transfer analogy is applicable in predicting
the internal convective cooling rates of a PEM fuel cell stack.

Overall, the analysis performed here based on thermofluid engineering
principles allows a systematic approach in the evaluation of micro cooling
channels designs of a PEM fuel cell stack. Cooling channel performance are
generally evaluated based only on its maximum cooling effect, but a PEM fuel
cell operation is dependant on temperature uniformity for optimum energy
conversion. The analysis and discussions of the thermal conditions successfully
identified the temperature gradients for each cooling cases. It is concluded that
based solely on thermofluids analysis, the 40 channel configuration is a better
option for application due to its lower stack temperature gradient as well as
lower air pressure drop. Further investigation is currently undertaken to obtain
the optimum geometry and number of channels for improved stack temperature
distribution.

Conclusions

A CFD simulation analysis on a single channel and a 40 cooling channel
configuration was conducted focusing on the thermofluids characteristics. The
main parameter of concern was the cooling rates, where the PEM fuel cell
stack was subjected to a constant predicted heat of 4900 W. From the combined
effects of internal and external convections, the cooling performance of 100%
was achievable for both configurations for Reynolds number as low as 200 for
the 40 channel and 300 for the single channel. Stack temperature uniformity
was improved when using multiple micro channels compared to a single wide
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channel. Fluid flow analysis within the channels predicts that the AVRF for the
single channel is 50% higher and the pressure decrease is twice as much. The
simulation was also validated for its methodological reliability, and the internal
convection cooling rates are within an acceptable margin of difference when
compared with analytical heat transfer models. The analyses provided a detail
computational design evaluation approach to optimize the air cooling channel
configurations of a PEM fuel cell stack.
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