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Abstract: This study examines the effects of channel depths and anode flow rates on the 
performance of miniature proton exchange membrane fuel cells. The flow field is a three-pass 
serpentine structure, of which both the rib and channel widths are 500 μm and the channel depths 
are varied as 200, 400 and 600 m, in a reaction area of 4cm2. During the test, this study 
assemblies a cell with the carbon-paper membrane electrode assembly (MEA). The performance 
of the cell is evaluated based on three different channel depths with varying anode flow rates. 
The impact of MEA deformation is also examined. The results indicate that the impacts of MEA 
deformation might not be significant for a cell with sufficient channel depth. For all tests, the cell 
with median channel depth (400μm) yields best results. The cell with shallower channel depth 
prefers high flow rate because a higher flow rate can provide sufficient pressure to force the 
reactant to pass through channels in small cross-sectional area. The cell with deeper channel 
depth prefers low flow rate. This is because deeper channel depth does not require higher 
pressure to force the reactant to pass through channels. Instead, too high flow rate excessively 
increases flow velocity, which upsets the water balance in MEA and decreases cell performance. 
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1. Introduction 
 

Fuel cells are a promising power 
technology due to their compactness, silent 
operation, high power density, and nearly no 
pollution. Among various types of fuel cells, 
the proton exchange membrane fuel cell 
(PEMFC) is a promising alternative to 
lithium-ion batteries because of its 
low-temperature operation suitable for 
portable electronic devices [1]. A significant 
knowledge base exists that focuses on 
development of high-efficiency PEMFCs 

[2-14]. It is generally agreed that the 
flow-channel geometric parameters have 
strong influence on the performance of 
PEMFCs. 

Various simulation studies have been 
conducted on the effects of flow-channel 
geometric parameters on cells with diverse 
reactive areas. Simulation results of a 130 
cm2 cell predicted that narrow channels are 
preferable for high current densities, 
whereas wider channels are favored at low 
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current densities [15]. Modeling results of a 
200 cm2 cell indicated that the flow-channel 
path length and other channel geometric 
dimensions affect cell performance [11; 16]. 
They also found that too deep channel depth 
tend to reduce the local gas pressure, leading 
to variances in fuel distributions. Simulation 
results of channel depths in a 24.6 cm2 cell 
revealed that the performance of a PEMFC 
with a serpentine flow channel is insensitive 
to channel depth in certain operation 
conditions [4]. Investigations on the effects 
of the aspect ratio (defined as the ratio of 
channel depth to width) on the performance 
of a 2.56 cm2 miniature cell indicated that 
cells with a high aspect ratio yield higher 
current densities [17]. This result differs 
from other simulation results, in which 
channel depth had no significant effects [4; 
7]. This disagreement may result from the 
differences in channel scales. Deeper 
channel depths provide sufficient space for 
reactant transportation and water removal. 
However, it also enlarges the channel 
cross-sectional area and slow down flow 
velocity, which subsequently affects mass 
transfer rate and water balance in the 
membrane electrode assembly (MEA) [18]. 

Although numerous papers explore 
flow-channel geometric variables using 
simulation, few papers have experimentally 
examined this issue, especially in miniature 
scale. It is more challenging to 
experimentally examine the effects of 
flow-channel geometric parameters on 
efficient miniature fuel cells. One of the 
reasons is that the preparation of tools for 
fabricating various channel dimensions is 
time consuming. Based on our previous 
study of fabricating micro-flow channels in 
bipolar plates [19], this study examines the 
effects of channel depths and anode flow 
rates on the performance of miniature 
PEMFCs. The flow field is a three-pass 
serpentine structure, of which both the rib 
and channel widths are 500 um in a reaction 
area of 4 cm2. The performance of the cell is 

evaluated based on three different channel 
depths (200, 400 and 600m) and various 
anode flow rates (40, 60 and 80 cc min-1). 
 
2. Methodology 
 
2.1. The fabrication of bipolar plates 
 

In this study, the stainless steel SUS316L 
was chosen as the plate material because of 
its excellent heat and corrosion resistance. 
Serpentine flow field was adopted as the 
flow design because of its excellent drainage 
characteristics and cell performance [2; 20]. 
As shown in Figure 1, the rib and channel 
widths are 500 um and the channel depths 
are varied as 200, 400 and 600 m, in a 
reaction area of 4cm2. The open area rate 
(defined as the ratio of channel area to 
reaction area) is 53.3 %. Larger open area 
rate increases the reaction space between 
fuel and MEA, but also increase the contact 
resistance because of insufficient rib area. 
Generally, the open area rate falls between 
50 and 85%. 

This study applied die-sinking 
micro-EDM to fabricate metallic bipolar 
plates. Micro-EDM is a thermal process that 
uses electrical discharges to erode 
electrically conductive materials. The 
maximum aspect ratios of this process 
associated with various tool pieces range 
from 10 to 100, and the minimum feature 
size ranges from 3 to 30 m [21]. 
Die-sinking micro-EDM is an 
area-processing technique, in which a cubic 
electrode is used and the processing path is a 
single direction. 
 
2.2. The MEA compression test 
 

In a PEMFC, usually a strong clamping 
force is required to prevent the leakage of 
reactants and to reduce the contact 
resistance between MEA and bipolar plates. 
However, the clamping force also protrudes 
the MEA into the channel, clogging the 
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reactant flow and water removal. Such 
deformation might limit the channel space 
and affect the performance of fuel cells. This 
study explored deformation of MEA through 
the MEA compression test. During the test, a 
bipolar plate with channel depth of 600 μm 
was fabricates, as shown in Figure 2(a). In 

order to measure the magnitude of 
deformation, the bipolar plate is cut into half 
using wire machine and assembled to 
become a “half-cell”, as shown in Figure 
2(b). The clamping torques ranging from 10 
to 25 kgf-cm were applied to the half-cell to 
measure the MEA deformation. 

 

 
Figure 1. Schematic representation of the flow design: (a) channel depth = 200, 400 and 600 m, (b) rib 

width = 500μm, and (c) channel width = 500μm 
 
 

 
Figure 2. (a) SUS316L bipolar plates; (b) MEA compression test 

 
 

2.3. The performance of PEMFC 
 

The metallic bipolar plates with various 
channel depth were tested for cell 

performance using the surveying instrument 
TEI-P300-1AB2CS. During tests, this study 
assembled a single cell 50×50×23 mm in 
dimension, as shown in Figure 3(a). The cell 
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was fabricated with end plates, gaskets, 
bipolar plates, and MEA, as shown in Figure 
3(b). Table 1 shows the cell specifications.  

 
The MEA comprised a proton exchange 

membrane (PEM) and two gas diffusion 
electrodes (GDE) with 0.25 mg cm−2 Pt for 
both the anode and cathode. Pure hydrogen 

and oxygen were supplied to the anode and 
cathode electrodes. The anode flow rates are 
varied as 40, 60, 80 cc min−1; and cathode 
flow rate is fixed at 60 cc min−1. The 
clamping torque is fixed at 20 kgf-cm. The 
cell operation is under the pressure of 1 atm 
at room temperature without gas 
humidification. 

 

  
Figure 3. (a) Assembled cell; (b) the schematic representation of cell assembly 

 
 

Table 1. Cell specifications 
Part Specification 
PEM DuPont NRE212  

Dimension: 30×30×0.05 mm 
GDE Pt 0.4mg/cm2 

Reaction area: 20×20 mm 
Dimension: 23×23×0.3 mm 

Metallic bipolar 
plate 
 

Stainless steel SUS316L 
Dimension: 50×50×1 mm 

Clamping torque 20kgf-cm 

Gasket PTFE film 
Dimension: 50×50×0.15 mm 

End plate 
 

Aluminum 
Dimension: 50×50×10 mm 

 
3. Results and discussion 
 
3.1. The MEA compression test 
 

This test is based on a carbon-paper MEA 
of 0.4 mm in thickness. As shown in Figure 
4, for the clamping torque of 10 kgf-cm, the 
minimum thickness of MEA is 0.355 mm 
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and the maximum is 0.375mm. About 10 
m (=(0.375-0.355)/21000) of MEA is 
protruded into both anode and cathode flow 
channels. In a similar manner, about 23, 33, 
and 29 m of MEA is extruded to the 
channels for the clamping torques of 15, 20, 
and 25 kgf-cm, respectively. It is interesting 
to note that the extrusion of MEA is slightly 
more serious using 20 kgf-cm of clamping 
torque than that with 25 kgf-cm of clamping 
torque. This is because the deformation of 
MEA has achieved to its extreme with the 
clamping force of 20 kgf-cm for the parts 
touching the rib while the parts exposed to 
the channel still can be compressed with 
higher clamping force. 
 
3.2. The effects of anode flow rates 
 
  Figure 5 shows the cell performances for 
different anode flow rates. The effects of 
channel dimensions were examined with 
respect to the anode flow rates of 40, 60, and 
80 cc min-1. For all tests, the peak power 
density falls between 570 to 602 mW cm-2. 
As shown in Figure 5(a) for the 200 m 
channel depth, the peak power density 
through the 80 cc min-1 anode flow rate is 
590 mW cm-2, slightly better than those with 
lower flow rates. It indicates that shallow 
channel depth prefers high flow rate because 
a higher flow rate can provide sufficient 
pressure to force the reactant to pass through 
channels of such a small cross-sectional 
area. 
  In contrast, deeper channel depth prefer 
low flow rate. As shown in Figure 5(c) for 
the channel depth of 600 m, the peak 
power density of the flow rate of 40 cc min-1 
is 596 mW cm-2, witch outperforms those 
with higher flow rates. This is because 
deeper channel depth does not require 
higher pressure to force the reactant to pass 
through channels. Instead, applying a higher 
flow rate excessively increases flow velocity, 
which upsets the water balance in MEA and 
decreases cell performance. Although a 

higher flow velocity also improves 
convective mass transport, our result 
indicates that this effect is less significant 
than the water-balance effect in a miniature 
fuel cell. Figure 5(b) reveals the evolution of 
different effects of anode flow rate 
appearing in Figure 5(a) and 5(c). 
 
3.3. The effects of channel depths 
 
  Figure 6 rearranges Figure 5 to set 
channel depths as comparable variables, The 
effects of channel dimensions were 
examined with respect to the anode flow 
rates of 40, 60, and 80 cc min-1. In general, 
the impacts of MEA deformation might not 
be significant for all cases, because there 
was no limiting current density in all 
polarization curves. The performance of cell 
with 200 m channel depth tends is 
generally worse than those of other cells, 
regardless of different anode flow rates. This 
is because the too fast flow velocity from 
small cross-section area results in 
insufficient reaction time. In addition, the 
smaller cross-section area may limit water 
removal. In contrast too deep channel depth 
requires longer path for vertical flow. As a 
result, medium channel depth (400m) 
yields best cell performance. 
 

 
Figure 4. The deformation of compressed MEA 
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Figure 5. The I-V and I-P plots of various 

channel depth: (a)200, (b)400, and 
(c)600 μm, where 40H, 60H and 80H 
represent the anode flow rates of40, 
60, and 80 cc min-1, respectively 

 
 
 

 
 
 

 
 
 

 
 
Figure 6. The I-V and I-P plots of various 

anode flow rates: (a)40, (b)60, and 
(c) 80 cc min-1 
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4. Conclusion 
 
  This study used die-sinking micro EDM 
to prepare micro flow channels in metallic 
bipolar plates. The effects of channel depth 
and anode flow rate on the performance of 
PEMFC are examined and discussed. Our 
conclusions are as follows: 
  The peak power density falls between 570 
to 602 mW cm-2 for all tests, demonstrating 
the excellent performance of fuel cell with 
micro metallic plates. For the MEA 
compression test, the MEA extrusions into 
channel space are about 10 to 33 m for 
various clamping torques. The impacts of 
MEA deformation might not be significant 
for a cell with sufficient channel depth. Fuel 
cell with shallow channel depth prefer high 
anode flow rate; and the cell with deep 
channel depth prefer low anode flow rate. 
  In spite of anode flow rate, medium 
channel depth (400m) yields best cell 
performance. 
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