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Start-up and variable load operation of a 1 kW air-cooled 

stack is investigated via computational fluid dynamics (CFD) 

analysis. The results of the transient analysis indicate that the 

temperatures inside the air-cooled stack are up to 27 °C 

higher when compared to the temperatures on the outside 

walls of the bipolar plates and this indicates a requirement for 

development of a new method for PEM fuel cell operation to 

increase the relative humidity of the reactants internally and 

prevent membrane dehydration. The novelty of this work is 

the method for increasing the relative humidity along the 

active area of the cell by intentionally increasing the pressure 

drop across the flow field, resulting in higher performance of 

the cell. The CFD model also investigates the influence of 

altering the bipolar plate material on the overall heat transfer 

inside the cell in order to achieve a similar effect with success 

in both cases. 

Small scale air-cooled stacks are interesting for mobile 

applications such as portable power generators and as power 

supply units for remotely controlled or autonomous 

unmanned aerial vehicles (UAVs). Air-cooling is interesting 

for PEM fuel cell applications because it reduces the price 

and complexity of the system by removing the necessity for 

coolant loop. However, since commonly used materials for 

PEM fuel cell bipolar plates are characterized by poor 

thermal conductivity, air-cooling does not result in uniform 

temperature distribution along the active area of the cell and 

results in membrane dehydration. For such systems special 

care must be admitted in determining the required air mass 

flow rate to result in the desired temperature inside the flow 

field, instead of solely along the outside walls of the bipolar 

plates due to high temperature gradient between the flow 

field of the cell and the outskirts with cooling ribs. In 

previous studies a new method was developed for improved 

performance of PEM fuel cells without any form of external 

humidification, termed coolant induced variable temperature 

flow field [1-4], but since it is not convenient to use coolant 

fluid in this case it is not applicable. For this reason another 

method is developed based on controlling the water vapor 

saturation pressure by intentionally increasing the pressure 

gradient along the cell in such manner that the water 

generated inside the cell, is sufficient to humidify the 

membrane, even at higher operating temperatures and 

transient operating conditions. This method is completely 

new and has not been previously implemented, as well as the 

type of transient analysis shown in this work. It is also 

demonstrated that the thermal conductivity of the bipolar 

plates makes a significant difference in the resulting transient 

heat transfer. 

 

CFD model is developed based on the single-cell geometry 

from the experimental 1 kW air-cooled stack developed by 

Proton Energy Systems™. The stack, geometry and mesh are 

shown in Figure 1. Since the total duration of flow time for 

reaching steady-state from start-up was roughly 1000 

seconds, the stack is modeled as a single-cell with symmetry 

boundary conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1. 1 kW air-cooled stack without external 

humidification (above left); cooling ribs with annotated air 

flow (above right); mesh and geometry with annotated 

boundary conditions (below) [1]. 

 

This work shows that it is possible to achieve higher 

operating efficiency, i.e. higher membrane water content, by 

controlling the heat transfer inside the cell via using different 

bipolar plate materials or new method for enhancing the 

pressure drop along the cell. This would be beneficial for 

portable PEM fuel cell applications and result in longer 

durability of the cell. This method will be further investigated 

in a future study. 
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