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Abstract: The accelerated degradation in the front cells of a polymer electrolyte membrane fuel cel(PEMFC) stack seriously reduces
the reliability and durability of the whole stack. Most researches only focus on the size and configuration of the gas intake manifold,
which may lead to the maldistribution of flow and pressure. In order to find out the mechanisms of the accelerated degradation in the
front cells, an extensive program of experimental and simulation work is initiated and the results are reported. It is found that after
long-term lifetime tests the accelerated degradation in the front cells occurs in all three fuel cell stacks with different flow-fields under
the U-type feed configuration. Compared with the rear cells of the stack, the voltage of the front cells is much lower at the same
current densities and the membrane electrode assembly(MEA) has smaller active area, more catalyst particle agglomeration and higher
ohmic impedance. For further investigation, a series of three dimensional isothermal numerical models are built to investigate the
degradation mechanisms based on the experimental data. The simulation results reveal that the dry working condition of the
membrane and the effect of high-speed gas scouring the MEA are the main causes of the accelerated degradation in the front cells of a
PEM fuel cell stack under the U-type feed configuration. Several mitigation strategies that would mitigate these phenomena are
presented: removing cells that have failed and replacing them with those of the same aging condition as the average of the stack;
choosing a Z-type feed pattern instead of a U-type one; putting several air flow-field plates without MEA in the front of the stack; or
exchanging the gas inlet and outlet alternately at a certain interval. This paper specifies the causes of the accelerated degradation in the

front cells and provides the mitigation strategies.
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1 Introduction assembly(MEA) and a substantial number of fuel cells.
Because of the large active area and complicated operations,
e.g. quick start-stop and frequent load change, the
uniformity of different fuel cells is of great concern,
especially in the degradation rate of each cell. When one cell
in a PEMFC stack has a higher degradation rate than the
emissions and fast start-up ability' ™. For an automobile others, the load current will be less than expected after a
powered by PEMFC stack(s), the performance, durability ~period of operating time. In particular, when the voltage is
and cost of the whole stack(s) are of greatest concern'®. not uniform, it will accelerate the degradation of the worst

cells as well as the adjacent ones. On the contrary, if the
degradation rate is uniform, not only can it ensure the stack
produces higher power in the long term, but it can also
prolong the lifetime of the PEMFC stack and reduce the cost
of maintenance.

Normally, every single fuel cell of a stack in a vehicle is
monitored and controlled by the cell voltage monitor(CVM).
Once the voltage of one cell falls below the warning voltage,
the vehicle must be checked to resolve the malfunction.
Actually, the real urban road test data of the Tsinghua
University fuel cell bus show that the above malfunction is
prone to occurring in the front cells of the PEMFC stack.

The polymer electrolyte membrane fuel cel(PEMFC) is
considered to be one of the most promising candidates as
an alternative power system for vehicles due to its high

efficiency, low operating temperature, zero or low

However, the performance and reliability of the whole
stack(s) depend on the worst performing cell. When the
voltage of one cell falls below the critical voltage, failures
such as flooding, gas leakage within fuel cells and voltage
reversal may occur. These failures can cause irreversible
damage to the membrane and catalyst, and subsequently
affect the adjacent cells!®. The required power of the
PEMFC stack for an automotive application is quite high,
which demands large active area of the membrane electrode
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This malfunction severely restricts the running of the
vehicle.

Recently, been paid to the
performance degradation of PEMFCs. However, most of
this research is focused on the operating condition'”'"! and

much attention has
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internal component failures!'> "%, Other research is

concerned with the effect of the configuration of the intake
manifold on the pressure and flow distribution in each cell.
CHEN, et al[”], built a 2D stack model composed of 72 cells
filled with porous media to investigate the flow distribution
in the manifold. KOH, et al'™ developed an analytical
model to study the pressure and flow distribution in a fuel
cell stack manifold. In their research, the pressure variation
was mostly influenced by the manifold size and geometry.
The non-uniformity of the flow distribution was observed in
both U-type and Z-type feed configurations. LEBZAK, et
al"™, conducted an experimental study into the pressure and
flow distribution in the manifold. They designed a test rig
instead of a real fuel cell stack. Their results indicate that the
inlet configuration has a great effect on the flow distribution.
CHERNYAVSKY, et all?02 1], numerically and experiment-
ally studied the flow turbulence in the manifold. In their
study, they designed a pair of headers that consists of inlet
and outlet sections connected with a plate containing an
array of holes that replicate the unit cells. Using large eddy
simulations(LES) and particle image velocimetry(PIV)
measurements, they identified that the flow-field and flow
structures may have an impact on the overall pressure drop
along the header and the effective cross-sectional area of
the flow as it leaves the header. However, all these studies
are confined only to the pressure and flow distribution; none
of them refer to the performance degradation of the fuel cell
stack.

In this paper, the intake models of the cathode and anode
are built to investigate the flow distribution in the manifold.
The flow model results are linked to a single cell model to
probe the water content of the membrane(WCM). Based on
the experimental and simulation results, four strategies are
proposed to mitigate the accelerated degradation in the
front cells of a PEMFC stack.

2 Life Time Tests

Considering the configuration of the gas pipes and the
other parts of the fuel cell stack system, the U-type and
Z-type feed configurations are two common ones adopted
in automotive and test bench. Fig. 1(a) shows the U-type
feed configuration. The advantage of this type is that the
feed pipes are simplified and the stack can be easily
installed in a vehicle because the inlets and outlets of the

gas, as well as of the coolant, are arranged on the same side.

However, the flow path of the reactant gas of the front cells
of the stack is shorter than that of the back cells. When the
stoichiometry is large, the flux of each cell fluctuates
violently. Fig. 1(b) displays the Z-type feed pattern. The
flow-field is much more symmetric than that of the U-type
feed configuration and the length of the flow path of each
cell is basically identical, which leads to very small
fluctuation of the incoming gas flux of each cell
Nevertheless, the inlets and outlets are on different sides,
which makes it difficult for the stack to be installed because

of the limited space available in a vehicle.
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Fig. 1. Different feed configurations

The accelerated degradation tests were done on three
different PEMFC stacks(named 1#, 2# and 3#) on the fuel
cell accelerated test station(FCATS) manufactured by
Greenlight Power Technologies, Inc. Accelerated
degradation of the front cells is found in all of them. A
description of the test method can be found in references to
our group’s work!"** and the configurations of our three
stacks are listed in Table 1.

Table 1. Configurations of three stacks
Stack Cell Active Flow-field Layout Feed
number  area/cm’ Anode Cathode pattern

. Multiple

1# 100 280 Pin-type Serpentine

2# 135 280 Straight Straight U

34 80 285 Straight ultple

Serpentine

Fig. 2 shows the average voltage curves of the front 14
cells and subsequent 86 cells of 1# stack before and after
the 500 h accelerated test. From Fig. 2, it can be clearly
seen that there are discrepancies between performances of
the cells after 500 h test. Before the test, the polarization
curve of the front 14 cells is similar to that of the
subsequent 86 cells, but is even better in the concentration
polarization zone(the current density can be up to 800
mA /cm®). However, after 500 h test the performance of the



LI Pengcheng, et al: Mechanisms of Accelerated Degradation in the Front Cells of PEMFC Stacks

1252 -

and Some Mitigation Strategies

front 14 cells decays more rapidly than that of the
subsequent 86 cells. Following the test the maximum load
current is only 200 mA /cm” and the average voltage of the
front 14 cells drops 30% at 200 mA/cm’. Following the
test it is also difficult to distinguish activation, ohmic and
concentration polarization. The voltage curve drops sharply
in the linear zone, which means low activity or severe loss
of catalyst, large ohmic impedance of the stack and the
membrane with certain damage. Compared with the curve
before the test, the performance of the subsequent 86 cells
does not drop significantly after the test. At 200 mA /cm’,
the voltage drop is less than 5%. In the activation
polarization zone, the curve declines a little. In the ohmic
polarization zone, the curve declines slowly. Although the
lifetime of the whole PEMFC stack is terminated due to the
output power of the stack being unable to reach the
requirement for an automobile because of the front 14 cells,
the lifetime of the subsequent 86 cells do not cease.
Moreover, the operating time(500 h) is less than half of its
predicted lifetime deduced from the PEMFC quick lifetime
evaluating formula of PEI"*?,

LOr —a— Average voltage of Nos. 1—14 cells before test
—e— Average voltage of Nos. 1—14 cells after test
0.9 —a— Average voltage of Nos. 15—100 cells before test
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Fig. 2. Polarization curves of 1# stack
before and after 500 h test

Fig. 3 shows the voltage variation of every two cells of
1# stack at 200 mA/cm” before and after the test(each
column stands for the overall voltage of two cells). It can
be clearly seen that the voltage of each cell of the stack is
consistent before the test. The voltage of each cell is almost
the same. The discrepancy between the minimum and
maximum voltage is less than 5%. After the test, the
voltage of each cell decreases gradually from No. 30 cell to
No. 1 cell of the stack against the gas feed direction. From
No. 30 cell to No. 100 cell, the voltage of each cell varies a
little.

Fig. 4 shows the average voltage curves of the front nine
cells and stack before and after the 1 000 h accelerated test.
Fig. 5 shows the voltage variation of every three cells of 2#
stack at 430 mA /cm” before and after the test(each column
denotes the overall voltage of three cells). These two
figures show the same trends as those of the 1# stack.
Although the accelerated degradation in the front cells also

exists in the 2# stack, it is less than in the 1# stack. The
reason will be explained in the following sections. In
general, compared with 1# stack, the maximum load
current of 2#stack is still greater after a much longer time
test. Compared with Fig. 3, the No. 45 column(the overall
voltage of Nos. 133, 134, 135 cells) in Fig. 5 is lower than
the adjacent columns after test, which is caused by the cell
voltage reversal experiment. This will not be discussed
here.

[ New stack
I Working after 500 h

1.8

Voltage U/V

Cell number(each column denotes two cells)

Fig. 3. Cell voltages of 1# stack after 500 h test
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PEI* investigated the front 8 cells of 1# stack and found
that compared with the back cells of the stack the
performance of the front ones was much worse, whichever
criterion was selected: smaller active area; more catalyst
particle agglomeration; higher ohmic impedance or lower
voltage at the same current density. The MEA test showed
that the content of the catalyst dropped considerably and
that the cells produced water that was weakly acidic,
indicating the presence of Hydrogen Fluoride(HF) as a
consequence of severe damage to the membrane.

The accelerated degradation in the front cells of a stack,
which occurs in the 1# and 2# stack, is also found in the
PEMFC stack of the Tsinghua University fuel cell bus. In
order to find out why the performance of the fuel cells
close to the gas inlet decays faster, an investigation of the
working conditions of each cell is required.

3 Numerical Simulation

3.1 Model description

As mentioned above, the accelerated degradation in the
front cells occurs in two stacks that have different cell
numbers and flow-field configurations but the same feed
patterns. This means the feed patterns may have an
important impact. In this section, 2# stack will be taken as
an example to illustrate the effect of feed patterns on the
accelerated degradation in the front cells. The whole stack
model and the unit cell model of 2# stack are built to
investigate the WCM and the gas intake velocity. The
experimental data of 2# stack is based on the U-type feed
configuration.

To simplify the computation and to reduce computation
time, the computing process is divided into two steps. In
the first step, models of the whole stack of the cathode and
anode flow-field respectively are built. We do not consider
the electrochemical reaction here, rather calculate the
incoming flux and exit pressure of each unit cell. In the
second step, the model of a unit cell is built. By importing
the results of the first step, the WCM of each cell can be
investigated.

In the first step, the following assumptions are made.

(1) Steady and incompressible flows.

(2) Isothermal condition(333 K).

(3) Only species transport is considered.

(4) There is no liquid water, with all water vapor
produced on the cathode side.

(5) The reactions in the MEA is homogeneous,
consequently the consumption of the oxygen and
hydrogen as well as the production of the water vapor in
the MEA are also homogeneous.

(6) For both sides(anode and cathode), we neglect the
diffusion process; instead we assume that hydrogen
“flow” in or out from the interface of the flow channel
and MEA.

The second assumption is plausible for the following
reason. The operating current density that is chosen in

the simulation is not large(500 mA/cm®), which means
relatively little enthalpy of reaction will be created. The 2#
stack in the test bench is cooled by water, and the coolant
temperature of inlet and outlet are respectively 60 and
63 °C. Therefore, the stack can be considered to be
approximately isothermal.

The flow in the manifold is considered turbulent. In
order to model the turbulent flow, the k-¢ model is
employed to solve the related transport equations. The
governing equations are listed as below.

Mass conservation:

V¥ =0. (1)
Momentum equation:

Ve(pWVV)=—-VP+V+(1), )
r:ul(VV+VVT)—§V-VT}, (3)

where 7 is the stress tensor, x is the viscosity, and T is the
unit tensor.
Turbulent kinetic energy(k) equation:

Ok

Ox;

dpkY) _ 0
ox, Ox;

J

He
O

Turbulent dissipation rate(e) equation:
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where & and & are the turbulent kinetic energy and
dissipation rate respectively. y; is the turbulent viscosity
and is computed as follows:

2

/ut :pclu?’ (6)

G, is a measure of the production of the turbulent kinetic
energy and defined as

G = V7 i (7)
k_pijax.a

1

0,=1.0, 0,=13, C,=1.44, C,,=192, C,=0.09 are the
empirical constants.

For the anode side, the inlet mass flow rates and outlet
pressure are obtained from experimental data. For the
cathode side, the inlet mass flow rate is updated by
subtracting the reacting oxygen. The velocity of hydrogen
“flowing” into and out of the interface of the flow channels
and MEA is decided by the following:
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where Qy is the mass flow rate of consuming hydrogen, 4;
is the area of the interface of the flow channels and MEA,
kf is the hydrogen electrochemical equivalent, and I is the
load current.

In the second step, the calculated results including the
mass flow rate and exit pressure from the first step are used
as the boundary conditions of the unit cell model. Three
sub-models, respectively electrochemistry sources,
Butler-Volmer rate and membrane water transport, were
chosen in this work. The simulation was conducted using
the commercial code ANSYS Fluent-Fuel Cell model.
Model equations and detailed information of this software
for fuel cell simulation can be found in LI’s™* work and
the Fluent user manual provided by ANSYS, Inc.

As mentioned in Table 1, the flow-field pattern of anode
and cathode of 2# stack are both straight. Fig. 6 depicts the
cathode flow-field and unit cell geometry. The operating
and geometry parameters are listed in Table 2.

(a) Cathode flow-field

Anode current  Anode Anode Anode
collector flow-field diffusion layer catalyst layer

e /

Cathode Cathode  (aphode

Cathode current
Membrane iffusion lave: S
catalyst layer diffusion layer fow-field

collector
(b) Unit cell

Fig. 6. Second step model geometry

3.2 Simulation results and discussion

Fig. 7 shows the comparison between two feed patterns
in terms of mass flow rate, pressure drop and the incoming
gas velocity on the cathode side of each cell. From Fig. 7, it
can be seen that the mass flow rate, pressure drop and
incoming gas velocity of the cathode of each cell under the
U-type feed pattern decrease from the inlet to the outlet.
For example the mass flow rate, pressure drop and

incoming gas velocity of No. 1 cell under the U-type feed
pattern are 13.1%, 16.7%, 320% larger than those of No.
135, respectively. The gas flow path of the front cells is
shorter than that of the back and the resistance to air flow in
the front cells is smaller. Consequently most of the air

Table 2. Parameters of the simulation
Parameter Value

Cathode channel width Cy,./mm 0.8
Cathode channel depth Cy/mm 0.8
Anode channel width C,/mm 0.8
Anode channel depth Cy,/mm 0.6
Cathode rib width C;./mm 0.6
Anode rib width Cj,/mm 0.6
Cathode plate thickness ../ mm 1.6
Anode plate thickness Jy,/mm 1.0
Cathode diffusion layer thickness dgirc/pm 200
Anode diffusion layer thickness daifa/pm 200
Cathode/anode catalyst layer thickness dcuae/pm 15
Anode catalyst layer thickness deana/pm 10
PEM thickness dmem /pm 50
Active area A/cm’ 280
Cathode diffusion layer porosity &qisic 0.5
Anode diffusion layer porosity &gifa 0.4
Cathode catalyst layer porosity €cata,c 0.5
Anode catalyst layer porosity cama 0.4
PEM porosity &mem 0.28
Cathode diffusion layer permeability Ky./m’ 3.0x1078
Anode diffusion layer permeability K./ m’ 3.0x107"3
Cathode catalyst layer permeability K./ m? 3.0x107"
Anode catalyst layer permeability Keuac/ m’ 3.0x107"
PEM permeability Kinem/m” 1.8x107'8
Diffusion layer electric conductivity Dgi/(S * m™) 570
Catalyst layer electric conductivity Deaa/(S * m™’ 570
Bipolar plate electric conductivity Dy/(S * m™") 3703

. .. Springer
PEM ionic conductivity ¢ model?!
Cathode reference current density irerc/(A * m™ 1.05%x10°
Anode reference current density irera/(A * m™) 9.23x10%
Transfer coefficient at cathode f. 1.5
Transfer coefficient at anode £, 0.5
O, concentration dependence y. 1.0
H, concentration dependence y, 0.5
Open circuit voltage V,/V 0.95
Temperature 7/K 333
Operating current density i/(mA * cm ™) 600
Air inlet pressure P;,/kPa 140
H, inlet pressure Pi,,/kPa 110
Air stoichiometry /. 2.5
H, stoichiometry 4, 1.2
Air inlet RH RH, 50%
H, inlet RH RH, 100%

enters the front cells. The average magnitude of the
incoming gas velocity in the front ten cells is about 30 m/s,
which means that the catalyst of the front cells is prone to
being scoured. In the PEMFC working process, most of
water is generated in cathode side and the partial pressure
of oxygen in air is only 21%. In order to provide sufficient
oxygen and to remove water so as to avoid flooding the
electrode and blocking the flow channels, a relatively large
stoichiometry of air is adopted(usually>2). On the cathode
side during transient operation gas starvation shows a
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particular tendency to occur, which means a much larger
stoichiometry is required. However, a larger air
stoichiometry implies a higher velocity of incoming air to
the fuel cells close to the inlet of the PEMFC stack. With
the consequent high-speed air scouring, it will exacerbate
the loss of catalyst and the dissolution of the membrane.
The performance of the front cells will drop severely at
certain times and will not recover to the original level. This
results in a reduction in the lifetime of the PEMFC stack. In
contrast to the U-type feed pattern, the mass flow rate,
pressure drop and incoming gas velocity of each cell under

the Z-type feed pattern, demonstrate a lower variance. The
maximum of the mass flow rate of single cell is only 3.97%
larger than the minimum. At the same time, the magnitude
of the incoming gas flow in No. 1 cell decreases by 32.5%
compared with that under the U-type feed pattern.

The WCM is very important for the performance of
PEMEFC. It determines the proton conduction rate and the
ohmic impedance of the membrane. If the WCM is bigger,
the proton conduction rate of membrane is higher and the
ohmic impedance is lower. Moreover, if the membrane is
always in a dehydrated state, an accelerated degradation of
fuel cell will occur. Fig. 8 shows the WCM under two feed
configurations at the operating current density of 600
mA/cm’. It can be seen that the WCM in the front cells
under the U-type feed configuration is lower than that of
the back cells. The WCM of No. 1 cell is 12% less than that
of No. 135 cell. When the cell number is bigger than 11,
variance in WCM diminishes. The mass flow rates of the
front cells are larger than those of the back cells and the
inlet relative humidity of air(50%) is less than that of
hydrogen(100%).
transported from the membrane to the cathode channel in

Consequently more water will be
the front cells due to the concentration gradient. Hence, the
WCM value for the front cells under the U-type feed
pattern decreases. For the Z-type feed configuration, the
WCM variance is small. The standard deviation of WCM
across all cells is only 0.032. This means that the
membrane in the front cells under the Z-type feed
configuration is likely to remain hydrated.

82~
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o o
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0 15 30 45 60 75 90 105 120 135
Cell number
Fig. 8. Water content of membrane under two feed patterns

4 Mitigation Strategies

The accelerated degradation in the front cells is an
obstacle to improving the reliability and lifetime of the
PEMFC stacks for automotive applications. Based on the
above study, the reasons the front cells in a stack have a
larger degradation rate are respectively the dry condition of
the membranes near the gas inlet and the effect of
high-speed gas scouring of the MEA. To mitigate this
phenomenon, four strategies are proposed.
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4.1 Strategy I

Even if the whole stack cannot be loaded at the expected
current due to a number of faulty cells, the majority of cells
can still work. If the lifetime of the whole PEMFC stack is
regarded as being terminated because a small number of
cells failed to work, it will increase the cost significantly. If
we remove or replace the fault cells with those of the same
aging condition as the average, the stack can still work
normally.

Fig. 9 shows the voltage variation with time of different
cells of 1# stack. The test current in Fig. 9 was only 50 A
because the load current could not be sustained at 100 A
after 240 h. The performance of No. 1-No. 4 fuel cells was
not stable and declined sharply after 240 h. However, at the
same time the cells in the middle and back of the stack
worked normally. After another 140 h test, the front 14 cells
were replaced with new ones. It was found that the
performance of all cells of the new 1# stack had fine
uniformity and was even better than that before
replacement. This indicates that replacement with new cells
mitigates the effects of accelerated degradation of the front
cells and prolongs the lifetime of the stack.

0.9 i

o_aE‘ E i ; ; ; w i

0.7 = \“' =% ;

0.6 L
o AN
04| - Nos.97-98 cells
= No0s.51—52 cells

I
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01F - Nos.1=2 cells
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0 1 1 1 1 1 1 J
1 3059 88 146 233 378 494

Fig. 9. Voltage variation of 1# stack by removing failure cells

The 3#stack originally had 80 fuel cells. After more than
300 h test, the front two fuel cells failed to work and were
removed. The remaining 78 fuel cells were assembled to a
new 3f#fstack. From Fig. 10 it can be seen that the
performance of the new 3# stack did not drop sharply and
the decaying rate remained the same as the original 3#
stack. But after another 200 h test, the two front cells of the
new 3# stack(the original No. 3 and No. 4 cells) failed to
work due to the effect of the accelerated degradation in the
front cells of a stack. They were then replaced. Fig. 10
demonstrates that the performance of the two new cells was
much better than the other 76 cells. However, after
replacing the two fault cells the degradation rate of the
other 76 cells was a little bit larger than that of before the
replacement.

The test results reveals that within a certain time period
the performance of the whole stack can re-main stable by
removing or replacing the faulty fuel cells with new ones
and it is an effective method of mitigating the accelerated

degradation in the front cells. However, replacing the faulty
fuel cells with new ones may exacerbate the degradation of
the original cells. If, after consideration the replacement of
the faulty cells is necessary, we strongly suggested using
cells of the same aging condition equivalent to the stack
average.

|
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> |  newcells
= 074} 80 cells I s
7 ./ I
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Fig. 10. Voltage variation of 3# stack by removing
and replacing failure cells with new ones

4.2 Strategy 11

According the description of section 3, the incoming gas
velocity and WCM of each cell were calculated. Through
the computation results, it can be concluded that (i) the
WCM of the fuel cells close to the inlet of the Z-type feed
configuration is more than that of the U-type feed
configuration, and (ii) the effect of the gas scouring effect
on the membrane and catalyst of the Z-type feed
configuration is reduced under the same operating
condition. Therefore, if the space is available, we can
change the U-type to the Z-type feed configuration to avoid
the membrane working under dry conditions. In this way, we
can prolong the lifetime of the PEMFC stack and save cost.

4.3 Strategy 111

Fig. 11 shows a schematic of where several air flow-field
plates without MEA are assembled ahead of the cathode
current collector. These additional cathode plates simply
direct the air flow but do not generate electricity.
Comparing Fig. 2 and Fig. 3 with Fig. 4 and Fig. 5,
although there is an accelerated degradation in the front
cells existing in 1# and 2# stack, the phenomenon of 2#
stack is less. One important reason is that several air plates
without MEA were put ahead of the cathode current
collector in 2# stack but not in 1# stack. The distribution of
the incoming gas flow and pressure can be altered by this
means. This modification will also decrease the velocity of
the incoming gas of the front cells. Consequently, the
WCM of the front cells increases and the effect of gas
scouring on the membrane and catalyst integrity is reduced.
However, the efficiency of the whole stack is reduced and
the volume of the stack becomes larger due to the
additional, non-generating plates.

4.4 Strategy IV

Fig. 12 presents the schematic of a reconfiguration
scheme for the gas inlet and outlet of a PEMFC stack. With
regard to the phenomenon that the fuel cells close to the gas
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inlet work under dry condition while the fuel cells close to
gas outlet work under ‘flooding’ condition due to the
byproduct water accumulation downstream, the gas inlet
and outlet can be exchanged at a certain interval to avoid
the above phenomenon. As shown in Fig. 12, the valves 1,
3 are initially open while valves 2, 4 are closed. After a
period of operating time(e.g. 10 min), the membranes near
the inlet are dehydrated while the membranes near the
outlet are working under flooding condition, the flow
direction of the reactant gas is then reversed by opening
valves 2, 4 and closing valves 1, 3. Thus, the dehydrated
membranes near the original inlet can be supplied with
sufficient water and the excess water of membranes near
the original outlet will be removed. This strategy can
ensure that the membranes of the stack are hydrated.
Nevertheless, it cannot mitigate the effect of high speed gas
scouring the membranes near the inlet.

AP
A9
AN
S
Ci_\m o
Anode plate
/ MEA
Cathode Cathode plate
current collector
Fig. 11. Schematic of several air plates
without MEA ahead of the stack
Gas outlet /
Valve 3
Valve 4
Valve 2
Valve 1
Gas inlet
Fig. 12. Schematic of exchanging the gas inlet and outlet

of a PEMFC stack at a certain interval

5 Conclusions

(1) When the fuel cell stack is under the U-type feed
configuration, the mass flow rate and the pressure drop of
the front cells are larger than those of the back cells,
making the intake gas velocity quite high. The high-speed

flow of gas may scour the MEA, leading to the loss of
catalyst and degradation of the membrane. Moreover, the
flow maldistribution results in lower WCM of the front
cells, which can degrade the proton conductivity and the
performance of the stack. These two issues are the main
causes of the accelerated degradation in the front cells.

(2) Based on the experimental and simulated data, four
strategies are proposed to mitigate the accelerated
degradation in the front cells, namely (i) removing cells
that have failed and replacing them with those of the same
aging condition as the average of the stack; (ii) choosing a
Z-type feed pattern instead of a U-type one; (iii) putting
several air flow-field plates without MEA in the front of the
stack or (iv) exchanging the gas inlet and outlet alternately
at a certain interval. These strategies can be applied to all
PEMEFC stacks individually or in combination to achieve an
improved performance and extended life for the stack.
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