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gas diffusion layer (GDL) and a catalyst layer (CL). The GDL
consists of a micro-porous layer (MPL) formed by carbon
particles and polytetrafluoroethylene (PTFE), coated on a
porous carbon material backing layer (GDM). The CL is formed
by a carbon supported platinum-based catalyst and an ion-
omer [1]. At the cathode, water is formed by reaction of O,
with protons and electrons. Due to the low cell temperature,
in gas channels water is present in liquid form. Water

Introduction

Polymer electrolyte membrane fuel cells (PEMFC's) are
commonly formed by a membrane electrode assembly (MEA)
sandwiched between two bipolar plates, with machined
channels for distributing fuel and oxidant to the anode and
the cathode, respectively. The electrodes usually comprise a
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management is a key topic for a suitable fuel cell operation.
Indeed, the membrane has to be fully hydrated and, on the
other hand, cathode flooding by liquid water has to be avoi-
ded. The use of humidified reactant gas stream for both
electrodes allows a satisfactory membrane hydration [2,3]. A
way to obtain a suitable water balance in low temperature fuel
cells is a right design of flow channels on the bipolar plates [4].
The bipolar plate acts as electron and heat conductor and al-
lows flow passages for reactant gases and water. Manso et al.
[4] reviewed the most important results regarding the effect of
flow channel geometric characteristics on PEMFC perfor-
mance. Among the different bipolar plate topologies, the
serpentine flow channel layout is the most widely used, due to
the high performance of PEMFCs with this type of flow chan-
nels [4,5]. The larger pressure drop across the serpentine
configuration presents both challenges and opportunities for
cell designers. A disadvantage of such a design is the increase
of pumping requirements, which adversely affects both sys-
tem cost and volume. The larger pressure drop, however, can
give rise to positive effects. Indeed, it can remove blockages
due to liquid water produced on PEMFC cathode side and
enhance cell performance by increasing convective mass
transport into the GDL [6].

The cross-section of flow channels is commonly rectan-
gular, but other shapes such as trapezoidal, triangular and
semi-circular have been investigated. There is not a general
consensus, however, regarding the more suitable shape. Flow
channel geometry significantly affects water removal effi-
ciency and fuel cell performance. Many experimental and
theoretical works reported the effect of rectangular channel
dimensions on cell performances [7—15]. Only few theoretical
works, instead, reported the effect of channel shape on the
cell performance [7,16,17]. By a computational analysis,
triangular and hemispherical shaped cross-section showed an
enhancement in hydrogen consumption at the anode than
rectangular shaped cross-section, which should result in a
better PEMFC performance [7]. Ahmed and Sung [16] investi-
gated the performance of a PEMFC with different channel
cross-section but the same boundary conditions by a
computational fluid dynamics analysis. High cell voltages
were attained by the channels with rectangular cross-section,
but a more uniform reactant and local current density distri-
butions at the membrane—cathode GDL interface was showed
by the channels with trapezoidal cross-section. Sun et al. [17]
found that the trapezoidal shape of the channel cross-section
can decrease the pressure drop and enhance fuel cell
performance.

The effect of flow channel shape on the efficiency of water
removal in PEMFC cathode was also evaluated [18,19]. Owejan
et al. [18] investigated liquid water accumulation in the GDL
and reactant distribution channels of PEMFCs by the neutron
radiography method. They found that channels with trian-
gular geometry retain less water than rectangular channels
with the same cross-sectional area. Models of microchannels
with various cross-sections were compared, and the detach-
ment and removal times of the water droplet were in
following order: triangle < trapezoid < rectangle [19].

The goal of this work is to evaluate the influence of
operational parameters on the performance of PEMFCs with
bipolar plates having different cross-section shape of
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Fig. 1 — Serpentine flow field pattern.

serpentine channels. At the best of our knowledge, this is
the first experimental work addressed to the effect of the
cross-section shape of serpentine channels on fuel cell
performance. Two different shapes of cathode flow channels
were compared, that is, rectangular and trapezoidal, at fixed
anode flow channel rectangular shape, since that the cath-
ode side is the most critical side of the fuel cell, due to the
management of water produced at the cathode as well as to
the mass transport, being oxygen diffusion rate lower than
hydrogen diffusion rate. In addition to bipolar plate geo-
metric parameters, operational parameters such as tem-
perature and pressure, and GDL components such as PTFE
have a strong influence on water management and fuel cell
performance.

Experimental
Bipolar plates

Bipolar plates with serpentine configuration have been uti-
lized in this work for both the electrodes, as shown in Fig. 1.
Two different cross-sectional geometries that is, rectangular
and trapezoidal, were tested at the cathode side (Fig. 2). The
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Fig. 2 — Cross-sectional views of flow channel geometries.
(a): rectangular; (b): trapezoidal.


http://dx.doi.org/10.1016/j.ijhydene.2014.06.041
http://dx.doi.org/10.1016/j.ijhydene.2014.06.041

12054

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 39 (?OT4) T?OS?*TQO6O

geometrical characteristics of gas flow plates with different
cross-section shape were similar and are reported in Table 1.

Electrode preparation

The electrodes were prepared by a combined deposition/
painting procedure using carbon supported Pt (20% Pt/C by E-
TEK), carbon powder (Vulcan XC-72, Cabot), a carbon cloth
substrate, a PTFE suspension, a Nafion solution and
isopropanol.

Diffusion layer preparation

The diffusion layer was prepared by deposition of a homoge-
neous water suspension of carbon and PTFE onto both the
faces of the carbon cloth. The composite structure was dried,
then baked for 30 min at 280 °C, and finally sintered at 350 °C
for 30 min. For all measurements, PTFE content in the diffu-
sion layer of the anode was 15 wt% on both carbon cloth sides.
For measurements of the effect of temperature and pressure
on cell performance, PTFE content in the cathode was kept in
15 wt%. In order to evaluate the effect of PTFE in the diffusion
layer on cell performance, PEMFC with different PTFE contents
(15, 30 and 50 wt%) were also prepared. The total mass loading
for the diffusion layers of the electrodes was 3 mg cm 2 with
15% PTFE in all cases.

Catalyst layer preparation

A homogeneous suspension was formed by the Pt/C catalyst
and the Nafion solution with isopropanol as solvent. The
resulting ink was deposited onto one of the faces of the
diffusion layer by a painting procedure. As a final step, the
sample was cured at 80 °C for 1 h. Pt loading was 0.4 mgcm 2,
and the Nafion loading was 1.1 mg cm ™2 for all the electrodes

investigated.

MEA preparation

A Nafion membrane N115 was used. The anode and cathode
were hot pressed onto the Nafion membrane at 125 °C under a
pressure of 5 MPa for 5 min. Cell tests were carried out in H,/O,
at 85 °C, a hydrogen pressure of 2 atm and at different oxygen
pressures (1, 2, 3 and 5 atm).

Tests in single PEMFCs

PEMFC tests were carried out in H,/O, at cell temperatures (T.)
of 80 and 85 °C; considering that, when fuel cell operating
temperature is higher than the gas stream humidification
temperatures, the performance of the fuel cell can decrease
[2], cathode and anode reactant humidification temperatures
(The and Tha, respectively) were the same or higher than Tg;
each test was expressed as To/Tn/Tha, and the temperature
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Fig. 3 — Polarization and power density curves of single
PEMFCs with serpentine channels having rectangular and
trapezoidal cross-section. T.: 80 °C; Thc: 85 °C; Tha 95 °C; O,
pressure: 1 bar; H, pressure: 1 bar; PTFE content in both
anode and cathode MPL: 15 wt%. Anode and cathode
catalyst: 20 wt% Pt/C, Pt loading 0.4 mg cm 2. Full symbols:
polarization curves; open symbols: power density curves.

tested were: 80/80/80, 80/85/95, 85/85/85, and 85/90/100. Cell
tests were performed at hydrogen and oxygen pressures of
1 bar. Tests at 80/85/95 °C were also carried out at H, pressure
of 2 bar and O, pressure of 2 and 3 bar. H, and O, gas flow was
148 and 200 mL min~}, respectively.

Results and discussion

The optimal operating temperature of a PEMFC is the highest
temperature in which the cell can operate preserving a suit-
able membrane hydration. A PEMFC commonly operates at
80 °C, but the optimal value depends on other operational
parameters, such as humidification and pressure of the inlet
gases, which have a remarkable influence in the membrane
hydration. Paganin et al. [20] showed that the best perfor-
mance was obtained at a cell temperature of 80 °C and oxygen
and hydrogen humidification temperatures of 85 and 95 °C,
respectively. On this basis, we took as basic operating condi-
tions of a PEMFC To/Tho/Tha = 80/85/90 °C, and hydrogen
pressure = oxygen pressure = 1 bar, with a PTFE content in the
MPL of 15 wt%.

Effect of cell and reactant humidification temperature

The polarization and power density curves of PEMFCs with
serpentine channels having rectangular and trapezoidal

Table 1 — Geometrical data of serpentine channels with different cross-section shape.

Cross-section shape Channel Channel Distance between Channel Channels/electrode
height (mm) width (mm) channels (mm) number (mm) contact area (mm?)

Rectangular 0.8 0.8 0.65 16 302.08

Trapezoidal 0.8 0.8 0.65 16 297.98
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Fig. 4 — Polarization and power density curves of single
PEMFCs with serpentine channels having rectangular and
trapezoidal cross-section. T.: 80 °C; Thc: 80 °C; That 80 °C; O,
pressure: 1 bar; H, pressure: 1 bar; PTFE content in both
anode and cathode MPL: 15 wt%. Anode and cathode
catalyst: 20 wt% Pt/C, Pt loading 0.4 mg cm~2. Full symbols:
polarization curves; open symbols: power density curves.
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Fig. 6 — Polarization and power density curves of single
PEMFGCs with serpentine channels having rectangular and
trapezoidal cross-section. T.: 85 °C; Tyc: 90 °C; That 100 °C;
0O, pressure: 1 bar; H, pressure: 1 bar; PTFE content in both
anode and cathode MPL: 15 wt%. Anode and cathode
catalyst: 20 wt% Pt/C, Pt loading 0.4 mg cm~2. Full symbols:
polarization curves; open symbols: power density curves.

cross-section operating at 80/85/95 °C are shown in Fig. 3. The
polarization behaviour of a fuel cell results from three types of
phenomena: electrode kinetics (at low current density), ohmic
losses (at low/intermediate current density), and mass trans-
port limitations (at high current density). We focused on the
effect of cross-section shape of serpentine channels on the
ohmic losses, mainly due to a poor hydration of membrane/
electrodes and/or electrode flooding. If the membrane and/or
electrodes are not fully hydrated, the decay of performance
starts at low current densities. As can be seen in Fig. 3, up to ca.
1.0 A cm?, the performance of the cell with serpentine
channels having trapezoidal cross-section was similar to that
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Fig. 5 — Polarization and power density curves of single
PEMFCs with serpentine channels having rectangular and
trapezoidal cross-section. T.: 85 °C; Thc: 85 °C; That 85 °C; O,
pressure: 1 bar; H, pressure: 1 bar; PTFE content in both
anode and cathode MPL: 15 wt%. Anode and cathode
catalyst: 20 wt% Pt/C, Pt loading 0.4 mg cm 2. Full symbols:
polarization curves; open symbols: power density curves.

of the cell with serpentine channels having rectangular cross-
section. This means that in these operational conditions the
cross-section shape affects the membrane and electrode hy-
dration in the same way. In the range of current density from
1.0 to 2.0 A cm 2, instead, the performance of the cell with
serpentine channels having trapezoidal cross-section was
higher to that with serpentine channels having rectangular
cross-section. In this current density range, where a high
amount of water is present in the cathode, due to the elec-
trochemical reaction and to the electro-osmotic drag, the
improved performance of the cell with serpentine channels
having trapezoidal cross-section has to be ascribed to a more
effective water removal from the cathode. At high current
density, a fast decay of cell potential with increasing current
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Fig. 7 — Histogram of the ohmic resistance of PEMFCs with
serpentine channels having rectangular and trapezoidal
cross-section at various T./Ty,/Th, conditions.

Po, = Py, =1 bar. PTFE content in the cathode MPL: 15 wt%.
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density for the cell with serpentine channels having trape-
zoidal cross-section than that of the cell with serpentine
channels having rectangular cross-section was observed,
likely due to decrease of pressure drop in serpentine channels
with trapezoidal cross-section [17]. Indeed, as reported in
Section Introduction, a decrease in pressure drop can be
adverse for mass transport [6]. By decreasing gas humidifica-
tion temperature to cell temperature (80 °C), the relative hu-
midity of the system decreases. Fig. 4 shows the polarization
and power density curves of PEMFCs with serpentine chan-
nels having different cross-section shape operating at 80/80/
80 °C. From 0.2 A cm?, the performance of the cell with
serpentine channels having rectangular cross-section was
higher to that of the cell with channels having trapezoidal
cross-section. This indicates that, when the cross-section
shape of serpentine channels in the cathode side is rectan-
gular, the membrane and electrodes are better hydrated than
when the cross-section shape is trapezoidal. This result has to
be ascribed to the high capability of water removal of the flow
channels with trapezoidal cross-section, which in this case
produces a negative effect, that is, a less effective membrane/
cathode hydration. By decreasing reactant humidification
temperature, the hydration of the cathode and, particularly,
the anode decreases. At low current density, for a low anode
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hydration, the water transfer through the membrane from the
cathode to the anode by back-diffusion is high. The water
transfer from the cathode to the anode is more pronounced in
trapezoidal cross-section channels, resulting in a water defi-
ciency in the cathode and in the membrane, which results in a
low performance of the cell with this channel cross-section
shape. As observed in the previous operating conditions (80/
85/95 °C), at high current density a remarkable decrease of
performance and the limiting current of the cell with
serpentine channels having trapezoidal cross-section was
observed, due to the negative effect of the decrease in pres-
sure drop. By increasing cell temperature from 80 °C to 85 °C,
which results in a higher water evaporation rate, and/or for
gas humidification temperatures equal to cell temperature
(85/85/85 °C), by using serpentine channels having trapezoidal
cross-section, the sum of the water introduced and produced
into the cathode could be not enough for an effective mem-
brane and cathode hydration. As expected, as the effect of the
higher water evaporation, due to cell temperature increase,
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has to be added to the higher water removal rate from the
cathode through the serpentine channels with trapezoidal
cross-section, the negative effect of the trapezoidal cross-
section is more pronounced, as can be seen in Fig. 5. Finally,
oxygen and hydrogen humidification temperatures were
increased to 90 and 100 °C, respectively, maintaining cell
temperature at 85 °C. As can be seen in Fig. 6, the performance
of the cell with channels having trapezoidal cross-section
shape was slightly higher to that with rectangular cross-
section for current densities higher than 1.0 A cm 2 In this
case, the degree of membrane/electrode hydration was the
same for both types of cells, with a slightly better water
management in the cathode for the cell with channels having
trapezoidal cross-section shape for current densities higher
than 1.0 A cm ™2

The fuel cell voltage losses can be broken up into three
different types of losses. These are activation, ohmic, and
mass transport/concentration losses [21]. Each loss has a
different effect on the theoretical fuel cell voltage. The acti-
vation loss is associated to the kinetic rate limitation caused,
mainly, by oxygen reduction reaction (ORR). Such loss occurs
at low current densities and depends on the type of catalyst.
The second source of loss is the ohmic drop, which is related,
majority, to the membrane conductivity. The ohmic drop po-
larization occurs at intermediate current densities. It might
appear as a major source of loss in fuel cells. The third type of
loss is the mass transport/concentration polarization. Such
loss is resulting from the diffusional limitation of the re-
actants (H, and O,) at high current densities, where the con-
sumption of the gases is faster than the diffusion rate [21]. The
measurement of ohmic losses gives important information on
water management. The ohmic losses, Eq, comprise electronic
and ionic contributions from the anode (R,), the cathode (R.),
and the membrane (Ry,). The total electronic resistance com-
prises contact and bulk components (Reontact; and Relectronics
respectively), resulting from the overall assembly, and is
expressed by the following equation [22]:

EQ = iR = i(Ra + Rc + Rm) + i(Rcontact + Relectronic) (1)

In this work, the contact and bulk resistances were
assumed constant and negligible. The slope of the linear
portion of the polarization curves (ohmic region) was utilized
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Fig. 12 — Polarization and power density curves of single PEMFCs with serpentine channels having trapezoidal (a) and
rectangular (b) cross-section with different PTFE content in the cathode MPL. T: 80 °C; Ty,: 85 °C; Tha: 95 °C; PTFE content in
both anode and cathode MPL: 15 wt%. Anode and cathode catalyst: 20 wt% Pt/C, Pt loading 0.4 mg cm 2. Full symbols:

polarization curves; open symbols: power density curves.
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to calculate R. The ohmic resistances of PEMFC with trape-
zoidal (Ry) and rectangular (R,) cross-section shape of serpen-
tine channels at various operating temperatures T/Tho/Tha are
reported in the histogram in Fig. 7. Both R; and R, decreased
with increasing T.. At fixed T, with increasing gas humidifi-
cation temperature R, decreased (better membrane/electrode
hydration), whereas R, was nearly constant, in agreement
with the previous considerations. Independently of T, for
Tha,c > Tc it follows that Ry < Ry, but for Te = Tp,  the values of R,
are considerably lower than those of Ry when more water is
present in the cell (Tha,c > Tc), the high capability of serpentine
channels with trapezoidal cross-section to remove water de-
creases the ohmic losses, reducing the excess of water in the
cathode. The opposite effect, that is, an increase of the ohmic
losses, occurs when less water is present in the system
(Thae = Tc), due to an inappropriate membrane/electrode
hydration.

For both PEMFC types, independently of reactant humidi-
fication temperature, a positive effect of T, increase on cell
performance, expressed as the maximum power density
(MPD), was found, as can be seen in the histogram in Fig. 8(a).
The increase of the fuel cell performance and limiting cur-
rents with the increase of the cell temperature can be
explained by the increase of the diffusivity and the decrease of
both mass transport and Nafion membrane resistances. The
exchange current density also increases with the increase of
fuel cell temperature, reducing activation losses. At fixed T,
whereas Tha affects the performance of the cell with rect-
angular cross-section of the serpentine channels in a negli-
gible way, the effect of Tn,. on the performance was
pronounced on the cells with trapezoidal cross-section of the
channels, positive for T, « > T and negative for Ty, c = T, due
to the higher ability of channels with trapezoidal cross-
section to remove water. Summarizing, trapezoidal cross-
section shape was more effective for Tha. > T., Whereas
rectangular cross-section shape was more suitable for
Tha,c = Tc. The potential at the MPD, however, is not constant.
From the histogram in Fig. 8(b), which shows the power den-
sity (PD) at 0.5 V of PEMFCs operating at different operating
temperature, it is more evident that the power density of the
cells with rectangular cross-section shape of channels mostly
depends on T. and is near independent of Th, .. The PD at 0.5V
of the cells with trapezoidal cross-section shape of channels,
instead, depends on both T. and, particularly, on T, c, at fixed
T,.

Effect of pressure

The effect of the operating pressure of the anode and the
cathode sides on polarization and power density curves of
PEMFCs with serpentine channels having trapezoidal and
rectangular cross-section shape operating at 80/85/95 °C are
presented in Fig. 9(a) and (b), respectively. By increasing the
pressure of anode and cathode to 2 bar, the performance of
both types of cells increases, and by increasing the cathode
pressure to 3 bar, maintaining the anode pressure at 2 bar, a
further slight increase of the performance can be observed. An
increase of the limiting current with increasing pressure was
observed for the cell with serpentine channels having trape-
zoidal cross-section. The open circuit voltage increases with

1.0

i I 15 wt% PTFE

[ 30 wt% PTFE

08 1 I 50 wt% PTFE
E 0.6 -
= l
E 0.4 1

=

0.2 1
0.0 -

Trapezoidal cross-section Rectangular cross-section

Fig. 13 — Histogram of the maximum power density of
PEMFGCs with serpentine channels having rectangular and
trapezoidal cross-section at various PTFE content in the
cathode MPL. Po, = Py, = 1 bar. To/Th/Tha = 80/85/95 °C.

increasing pressure, according to the Nernst equation. A
reason for the enhanced performance is the increase of
reactant gas partial pressure with increasing operating pres-
sure, improving hydrogen oxidation and oxygen reduction
reactions. Another reason for the improvement in the cell
performance is the increase of the diffusivity of the reactant
gases, which results in a decrease of the mass transport
resistance problem. As can be seen in the histogram in Fig. 10,
the effect of pressure on cell performance was nearly inde-
pendent of the cross-section shape, only slightly higher for the
cell with channels having trapezoidal and rectangular shape,
due to the slight decrease of R, with increasing pressure (see
histogram in Fig. 11). The decrease of R, has to be ascribed to a
better water removal from the cathode at high pressure. Ry,
instead, was nearly independent of pressure (Fig. 11). Indeed,
at this operating temperatures (80/85/95) a satisfactory water
management is obtained by the channels with trapezoidal
shape, thus the pressure effect on R is not relevant.

0.4
I 15 wt% PTFE
1 I 30 wt% PTFE
I 50 wt% PTFE
0.3 4
o~
E |
(&}
g 0.2 4
o
=~ -
x
0.1 4
0.0

Trapezoidal cross-section Rectangular cross-section

Fig. 14 — Histogram of the ohmic resistance of PEMFCs with
serpentine channels having rectangular and trapezoidal
cross-section at various PTFE content in the cathode MPL.
Po, = Py, =1 bar. Te/Ty/Tha = 80/85/95 °C.
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Effect of PTFE content in the MPL

The main role of the micro-porous layer is to improve water
removal from the CL and to avoid the penetration of the
catalyst ink through the GDM [23]. Although PTFE in the MPL
mainly affects the water behaviour within the cell, its impacts
on other parameters should also be considered for an appro-
priate cell design. Indeed, the increase of the PTFE content
within the MPL decreases electrical conductivity, thermal
conductivity, permeability and porosity of the MPL. The po-
larization and power density curves of PEMFCs with serpen-
tine channels having trapezoidal and rectangular cross-
section shape operating at 80/85/95 °C with various PTFE
content (15, 30 and 50 wt%) in the MPL are shown in Fig. 12(a)
and (b), respectively. For both the PEMFCs with different
serpentine channel cross-section shapes the performance of
the cells with a PTFE content of 30 wt% was similar to that of
the cell with 15 wt% PTFE. This results can be due to a balance
of the increase of positive (water removal) and negative
(conductivity, porosity, etc) effect of the PTFE increase from 15
to 30 wt%. At high current density, however, both the cells
with 30 wt% PTFE better performed than that with 15% PTFE.
For a higher amount of PTFE in the MPL (50 wt%), instead, both
the PEMFCs showed a decrease in the performance, which is
more pronounced for the cell with serpentine channels having
trapezoidal cross-section. For the cell with serpentine chan-
nels having rectangular cross-section, a slight decrease in the
performance is related to negative effects of PTFE on the
conductivity and porosity, overcoming the positive effect on
water removal. For the cell with serpentine channels having
trapezoidal cross-section water removal by PTFE turns on a
negative effect (excess of water removal from the cathode due
by both trapezoidal cross-section and PTFE), and has to be
added to the other negative effects of PTFE, resulting in a
remarkable worsening of cell performance. As can be seen in
Fig. 13, the histogram of MPD of both types of cells showed
similar performance for the cells with 15 and 30 wt% PTFE, but
for the cells with 50 wt% PTFE a lower MPD was observed,
particularly for the cell with serpentine channels having
trapezoidal cross-section. The histogram of the ohmic resis-
tance of the cells with different cross-section shape and
different PTFE content (Fig. 14) is in good agreement with the
results of cell performance, that is, a negligible effect of the
increase of PTFE content from 15 to 30 wt% on R, and R, a
slight increase of R, and a large increase of R; for the cells with
50 wt% PTFE.

Conclusions

The effect of operational parameters and PTFE content in the
MPL on the performance of PEMFCs with serpentine channels
having different cross-section shape was investigated. Inde-
pendently of the cross-section shape of serpentine channels,
for both Thae = Tc and Tha > Tc a positive effect of T, in-
crease on cell performance was observed. At fixed T, for the
cell with serpentine channels having trapezoidal cross-
section a remarkable effect of Th, on cell performance was
observed, positive for Tha > Tc and negative for Thac = To,
due to the high ability of serpentine channels with

trapezoidal cross-section to remove water. For the cell with
serpentine channels having rectangular cross-section,
instead, the effect of Th, on cell performance was not sig-
nificant. The use of serpentine channels with rectangular
cross-section shape was more effective when Thae = To,
while the trapezoidal cross-section shape was more suitable
when Thae > Te. At fixed T, and Tha the cell performance
increased with increasing anode and cathode pressures. The
effect of pressure on cell performance was near independent
of the cross-section shape of serpentine channels. At an
operation temperature of 80 °C and high current density a
fast decay of cell voltage was evident in the polarization
curve of the cell with serpentine channels having trapezoidal
cross-section, due to the negative effect of the decrease in
pressure drop in the serpentine channels with this cross-
section shape, decreasing the mass transport. By increasing
T, or pressure, the negative effect of decrease of the pressure
drop in the serpentine channels on mass transport is atten-
uated by the increase of gas transport rate. For both the cells
with different cross-section shape, the effect of the increase
of the PTFE content from 15 to 30 wt% on cell performance
was negligible; an increase of the limiting current for the
cells with 30 wt% PTFE, however, was observed. When the
amount of PTFE in the MPL was increased to 50 wt%, a slight
negative effect on the performance of the cell with serpen-
tine channels having rectangular cross-section was observed.
The cell with serpentine channels having trapezoidal cross-
section, instead, showed a considerably lower performance,
due to an excessive water removal. These results clearly
indicate that the cross-section shape of bipolar plate
serpentine channels has to be take into account in the design
of fuel cell systems.
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