A1052 Journal of The Electrochemical Societys0 (8) A1052-A1059(2003
0013-4651/2003/158)/A1052/8/$7.00 © The Electrochemical Society, Inc.
In Situ Current Distribution Measurements in Polymer
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There has been much recent interest and development of methods to accurately measure the current distribution in an operating
polymer electrolyte fuel cel[PEFQ. This paper presents results from a novel technique that uses a segmented flow field with
standard, nonaltered membrane electrode assemblies and gas diffusion layers. Multiple current measurements are taken simulta-
neously with a multichannel potentiostat, providing high-resolution temporal and spatial distribution data. Current distribution data
are shown that display the distributed effects of cathode stoichiometry variation and transient flooding on local current density. It

is shown that the time scale for liquid accumulation in gas diffusion layer pores is much greater than that of any electrochemical
or gas-phase species transport process. In order to facilitate state-of-the-art PEFC model validation, an idealized single-pass
serpentine flow field was used, and the exact geometry is presented.
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The hydrogen polymer electrolyte fuel céREFQ has tremen-  tion is also undesirable because it does not simulate performance in
dous promise as a future power system due to its low pollution, higha true fuel cell environment. In addition, predictive models are typi-
efficiency, and stealth. Many studies, too numerous to completelycally developed for a nonsegmented MEA.
list, have examined various aspects of PEFC performance as a func- In addition to use of conventional MEAs and good spatial reso-
tion of operating condition§1° Gottesfeld wrote an excellent re- lution, the ability to determine transient effects from sudden changes
view of PEFC components and operation, and the reader is referret! Operating conditions is desired. The nonsegmented passive cur-

- . 26
to it for additional information on PEFC fundamentddn addition '€t mapping technique approach of Stumpeal™ allows tran-

to experimental characterization, much research has focused ofient measurement and has good spatial resolution but requires an

first-principles-based modeling of the PEE? However, ad- array of embedded and highly precise shunt resistors. The magnetic

vances in modeling have thus far outpaced the ability to experimen-IOOIO method of Weiseet al. also allows transient measurements

) . i . with unaltered MEAs and flowfields, but is more difficult to imple-
tally verify the predicted performance. In particular, scant experi-

. : . ent than the other methods, and cannot be applied to cks.
mental data are presently available regarding current density ang]ecently, Mench and Wang have demonstrated an improved tech-
species distributions. As indicated by Waitfgt is this type of de- nique for accurate current distribution measurements on direct

tailed validation that will permit an ultimate understanding of the nethanol fuel cells that is applied to hydrogen PEFCs in this Wrk.

physicochemical phenomena in PEFCs as well as development af,dependently, Noponeet al. developed and demonstrated a simi-
computer-aided tools for design and development. lar techniquée?

Determination of the current distribution is critical to understand-
ing key phenomena including water management, CO poisoning, i
and reactant distribution effects. Weiset al. described a novel Experimental

technique utilizing a magnetic loop array embedded in the current  |nstrumented cell desiga-In order to construct an electrically
collector plate to measure two-dimensional current distribution of asegregated flowfield, forty eight, 0.81 mm thick stainless steel cur-
hydrogen PEFE® The authors showed that cell compression can rent collecting ribs were gold-plated and embedded into an insulat-
drastically affect local current density. Stumpral. demonstrated  ing polg/carbonate slab with 0.89 mm wide gaps, as described by
three methods for the determination of current density distributionFinckh>° The ribs were arranged to produce a single-pass serpentine
of a hydrogen PEFES First, the partial membrane electrode assem- flowfield. Each rib was affixed to a gold-plated wire that extended
bly (MEA) technique involves either masking different areas or par-through the polycarbonate for current collection. Figure 1 is a sche-
tially catalyzing segments of the MEA to determine local current matic diagram detailing the relevant dimensions of the fuel cell flow
density behavior. Second, the subcell technique involves electricallyield. The diameter of the current-conducting wires that interface the
isolating individual locations of catalyzed anode and opposing cath-g0ld-plated ribs with the data acquisition source was 0.81 mm. The
ode from the main cell in order to measure the performance of thedimension of the flow channel was chosen to be 2.16 mm wide, 3.18
desired location. In the passive current mapping technique, an arra]lM déep, and had an average pass length of approximately 71 mm.
of shunt resistors are located normal to an unmodified MEA surface rl‘;h a total of 22 serpentine passes, the total path length was 1577
between the flowfield and a buss plate. Voltage sensors passively” ) . .
determine the potential drop across each resistor and, through OhmignTEflon gaskets were press fit over the protruding gold-plated rib

| t distribution th h the fl late is determined. Clea- dings to form a flush surface with the polycarbonate slab. Two
aw, current distribution through Ihe flow plate IS determined. ©I1€g- 5 4qjtigna| sealing gaskets were used to compensate for gas diffusion
hornet al.implemented a printed circuit board approach for current

) . layer (GDL) thickness. Gold plating, and use of an optimized com-
density measurements using a segmented current collector, ano¢fession torque for the cell of 35 in-lbs, minimized electrical contact
catalyst, and anode gas diffusion lagér.

> ! o resistance between rib landings and the GDL. Pressure-indicating
While each of the described methods for determination of currentsjm, (Pressurex by Sensor Products, Jneas used to determine the
distribution has advantages, it is desirable to utilize a nonsegmentefh sjtu pressure distribution of the landings onto the MEA as a func-
MEA in order to preserve true fuel cell operation characteristics andtion of compression torque. The assembly was checked to ensure a
avoid highly individualized specialty membranes. MEA segmenta-homogeneous pressure distribution from all landings onto the GDL,
thus ensuring an even contact resistance distribution between the
gold-plated landings and GDL. The area-specific contact resistance
* Electrochemical Society Active Member. of this cell was found to be 41.7 éncn? using both four and two
2 E-mail: mmm124@psu.edu probe techniques, similarly to that described by Mench and V¥ing.
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Figure 1. Schematic diagram of the 50 érimstrumented test cell showing

relevant dimensions.

The entire fuel cell assembly was leak proof tested to 0.3 MPa under

water.
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A schematic of the test and control system is shown in Fig. 2.
Ultrahigh-purity(>99.999% hydrogen and standard compressed air
were supplied from gas cylinders. A steam-injection humidifier sys-
tem (Lynntech, Inc) was used to provide desired humidification to Q water - rap E Rotormeter  Flowmeter
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cell, electric heating tapes were used to eliminate any condensation.
Directly upstream of the inlet to the fuel cell, a gas sampling port
was installed to directly measure the input humidity to the fuel cell
by an Agilent 3000 MicroGC with PlotU column. This provided
accurate measurement and control of the humidification entering the
cell.

The fuel cell system, including all lines leading to the fuel cell, Figure 2. Schematic of the experimental test stand and control system.
was heated to the desired temperature, which was maintained with

several Omega Engineering, Inc., model 8500 PID controllers. Thetion. Even with GDL segmentation, one will not measure current

cell and input lines maintained a steady temperature after SUitabl%iensity in the catalyst layer only. With either a segmented or non-

time to eliminate thermal transients. This start-up time was deter- -
. . 2 2 . segmented approach, one measures the current density as a result of
mined to be about 90 min by system validation tests using thermo 9 bp y

| ffixed to the GDL und flowi diti ionic resistance distribution in the electrolyte, as well as the catalyst
couples aflixed to the under nontlowing conaitions. ... layer. The approach used measures the current coming out of a fuel
To control and measure accurate current/voltage polarizatio

h : ell GDL, as in a real stack. Cross talk between two channels is
curves, the fue] cell was connected tp a multlchanngl potentlpsta xpected, as happens in a real fuel cell situation, but it is limited by
galvanostatArbin Instruments The active current density mapping o vojatively large in-plane resistance of the GDL/catalyst layer par-
method used in this paper is fundamentally similar and is essentially, e circuit, compared to the very low through-plane GDL resis-
a modification of the passive current density mapping technique o ance
Stumper et al?® However, an electrically segmented flowfield/ '
current collector replaces the separate array of shunt resistors nor- Calculation of active area segmentsTo calculate the current
mal to the MEA. The segmented flowfield is in direct contact with density of a set of current collecting landings, the active areas di-
the unaltered GDL on the anode and cathode. This technique elimirectly under the landings and half the adjacent gas channels were
nates the challenge to reduce current spreading due to high in-plan@ken. The reported measurement location along the cathode flow
conductivity of the flowfield plates. Instead, a gold-plated, electri- path is the center of this total area in the flow path. Area under
cally segmented current collector is used and repeatable current derurrent collection landings is counted toward current density calcu-
sity data can be obtained. In this active current density mappindations. It is important to note that the data are represented as current
technique, the potentiostat system maintains a constant voltage andkensity at a discrete distance along the flowpath, when it actually is
the current sensors measure amperage emerging from each seigtegrated over a distributed region. In order to represent this area as
mented current collector location, without the need for shunt resis-a discrete location, the relative lengths have been weighted in order
tors. to take adjacent channels into account and more accurately represent

It is important to note that this technique measures the currenthe mean location of current collection. This discretization gave very
density distribution of an operating cell as it flows from the GDL consistent results.
into the current collection plate, not as it emerges from the catalyst The membrane electrode assembliB¥EASs) used consisted of
layer. Although current spreading through the GDL occurs, this isNafion 112 as the polymeric membrane sandwiched between the
similar to a real operating system. Artificially segmenting the MEA catalyst and ELAT carbon cloth diffusion layers. All MEAs used had
disrupts the current distribution reaching the current collectors anda catalyst loading of 0.5 mg Pt/énon both anode and cathode.
is therefore inappropriate for these measurements or model valida©ther general operating conditions are given in Table I.

anode and cathode flows through control of the precise amount of
water vapor added to the gas streams. Between humidifier and fuel Hesting Tape @ N
{mass- and temperature
Catridge Heater controlied)
Valve

. Thennocouple

Pressure Sensor v Data Direction
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Table I. Baseline operating conditions. 1.0
0.9 —e— 08V
Parameter Value Units <~ —v— 07V
e 0.8 —a— 0.6V
Electrolyte Nafion 112 NA é’ —0— 05V
GDL ELAT (De Nora North NA L 0.7 —a— 04V
America anode and 2 061
cathode &
Catalyst loading 0.5 mg/cnd R 051
(carbon supported 2 04 ]
Cell temperature 80 °C g
Anode inlet temperature 90 °C = 037,
Cathode inlet temperature 80 °C 02 1
Anode and cathode 0.1-0.2 MPa
pressure 0.1 §
Anode humidification 100% at 90°C NA 0.0 x ’ - 2 i ] . ' .
Cathode humidification 100% at 80°C NA ’
Anode gas Ultrahigh-purity H NA 00 01 02 03 04 05 06 07 08 09 10
(>99.999% Fractional Distance from Cathode Inlet
Cathode gas Commercial air NA
(79% N, 21% O) Figure 4. Performancers. fractional location along the cathode path for a

fully humidified, high flow rate condition. Cell temperature 80°C; anode
inlet humidity 100% RH at the rate of 90°C; cathode inlet humidity 100%
Results and Discussion RH at the rate of 80°Ct, = 0.7 Alen? equiv; ¢, = 1.75 Alenf equiv; and

s . . . anode and cathode exit pressure 1 atm.
Homogeneous distribution-It is expected that at relatively high

mass flow rates with full humidification and low pressures, a nearly

uniform distribution of current would result. An experiment was o
designed to observe this condition. The distributed polarization, 1ne effect of cathode stoichiometryin PEFCs, the performance

curve for this experiment is shown in Fig. 3. There is some indica-S extremely sensitive to cathode stoichiometry due to relatively
tion of flooding. as can be seen from the characteristicSlUggish oxygen reduction kinetics and mass transport. In order to
“comma’-shaped®28local polarization curve for the channels clos- isolate the effects of stoichiometry from accumulated flooding, a
est to the cathode exit location. The two channels near the end of thE2Pid-scan polarization curve was taken to prevent sufficient time
cathode path, at/L = 0.891 and 0.964corresponding to 89 and for flooding to occur and affect measured performance. For the rapid
96% along the length of the single serpentine cathode)pesh scan, the applied vo!tage was varied at a rate .Of 510 mV/s in ncre-
over into comma shapes at low cell voltage, while the overall bulk MeNts of 50 mV. This provided very reproducible data with gener-
cell output increases. The current density. fractional location ally higher performance than steady-state values, in which 30 min to

along the cathode flow path at several cell voltages is given in Fig.alrl‘ hour el?pSES tét_etween volt?g(_e variationsh at lo‘c’j" cell voltage, to

4. From Fig. 4, a nearly homogeneous current distribution can beflOW time for flooding accumulation to reach steady state.

seen, except at very low cell voltage.4 V) corresponding to high The rapid-scan technique is designed to separate, as much as
current output and near depletion of hydrogen in the anode. Th©Ssible, the two-phase flooding effects from the gas-phase mass-
comma-shaped curve, observed in other stutfiédjs a result of transport and electrochemical effects. Since the time required for

mass-transport limitations and can indicate local flooding or reactanP€rformance degradation due to liquid accumulation is relatively
depletion, as discussed in the following sections. slow (on the order of minutes, shown later in this papmympared
to gas-phase transport time constafus the order of 0.1-1)sand

the electrochemical capacitance time constant, this technique leaves
little time for flooding accumulation to occur. The gas-phase time

e constant for mass distribution adjustment in the GDL can be esti-
—&— x/L=0.036
—v— x/L=0.109 mated as
—— x/L=0.196
—O— x/L=0.283 8(23DL
—A— x/L= ~
e w0 Tgas phase~ et = O(0.1— 19 [1]
—O0— x/L=0.717 gas
—v— x/L=0.804
< —8— x/L=0.891 . . off - . . .
= —o— X/L=0.964 wheredgp, is the GDL thickness anD gis the effective diffusivity
§’ of gas, modified for the porous nature of the GDL. Use of typical
2 values of porosity GDL thickness and diffusivity along with a
Bruggeman correlation for effective diffusivity leads to the predicted
time scale. The rapid-scan technique is like a bandpass filter, in that
it will not completely eliminate unwanted two-phase effects from
occurring, but they are greatly reduced. The results of the rapid scan
are therefore appropriate for model validation in the absence of two-
phase effects.
S — . : T A high anode stoichiometry of 1.875 A/énequiv (i.e., stoichi-
00 01 02 03 04 05 06 07 08 09 10 ometry would be 1.0 dt= 1.875 A/cnt) was used for this series of
Current Density (A/cm?) tests so that no appreciable mass-transport limitation on the anode

exists. Cell humidification was full at 90 and 80°C on the anode and
Figure 3. Steady-state distributed polarization curve for a low-pressure, Cath,Ode' respectively. Cel! temperature was maintained at_ 8Q°C and
fully humidified, high-flow-rate condition. Cell temperature 80°C; anode in- Cell inlet pressure was maintained at 1.5 atm. Cathode stoichiometry
let humidity 100% RH at the rate of 90°C; cathode inlet humidity 100% RH was varied from 1.125 to 2.25 A/énequiv. It is important to note
at the rate of 80°C¢, = 0.7 Alen? equiv; & = 1.75 Alen? equiv; anode that the flow rate is constant for each test run. That is, the flow rate
and cathode exit pressure 1 atm. was not varied as a function of current density.
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Figure 5. Distributed rapid-scan polarization curve for low cathode stoichi-

2 ) ; e Figure 7. Distributed steady-state polarization curve for low cathode sto-
ometry of 1.125 A/crn equiv showing mass-transport-limited performance. jcpiometry of 1.125 Alcrh equiv, showing mass-transport-limited perfor-
Cell temperature 80°C; anode inlet humidity 100% RH at the rate of 90°C;

’ e 'mance. Cell temperature 80°C; anode inlet humidity 100% RH at the rate
cathode inlet humidity 100% RH at the rate of 80°%;= 1.875A/cnf  of 90°C; cathode inlet humidity 100% RH at the rate of 80°C;

equiv; and anode and cathode exit pressure 1.5 atm. £, = 1.875 Alcn? equiv; and anode and cathode exit pressure 1.5 atm.

Low cathode stoichiometry of 1.125 Afkeguiv—Figures 5 and
6 are plots of the distributed polarization curves and current densityhigh current densities. For low values of current density, a nearly
vs. fractional location along the cathode flow path for the case ofhomogeneous distribution is observed, corresponding to the abun-
low cathode stoichiometry. From Fig. 5 it can be seen that severalant supply of oxygen for these low-power conditions.
mass-transport limitations exist at low cell voltage. The comma-  As discussed, the data in Fig. 5 and 6 were taken with a rapid-
shaped curves resemble the characteristic shape of flooded distribsean technique. Figures 7 and 8 are a distributed polarization curve
tions from Mench and Wantf As discussed, the polarization curves and a performance variatiovs. location plot, deduced from data
were taken with a high enough voltage scan rate to avoid significantaken allowing adequate time for steady state. That is, these figures
flooding accumulation. Therefore, the performance limitation can beshow the steady-state values for the performance at identical condi-
attributed to mass-transport losses at the cathode, and the comm#ens of Fig. 5, except about an hour elapsed between each cell
shaped curve is a characteristic feature of a fuel cell operating in asoltage increment below 0.6 V. It can be seen that the steady-state
mass-limiting condition, whether from flooding or low stoichiom- curves all suffer reduced performance compared to the correspond-
etry. The distribution of performance along the cathode channeling results taken with the rapid scan, especially for lower cell volt-
shown in Fig. 6 is in agreement with this conclusion, as performanceage corresponding to larger current densétgd hence cathodic wa-
decreases monotonically with distance along the cathode channel faer production. This reduced performance is attributable to the pore
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Fractional Distance from Cathode Inlet Fractional Distance from Cathode Inlet

Figure 6. Rapid-scan performances. fractional location for low cathode  Figure 8. Steady-state performanas. fractional location for low cathode
stoichiometry of 1.125 A/chequiv, showing mass-transport-limited perfor-  stoichiometry of 1.125 A/cequiv, showing mass-transport-limited perfor-
mance at high current density. Cell temperature 80°C; anode inlet humiditymance at high current density. Cell temperature 80°C; anode inlet humidity
100% RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate of 100% RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate of

80°C; &, = 1.875Alcn? equiv; and anode and cathode exit pressure 80°C; &, = 1.875Alcnt equiv; and anode and cathode exit pressure
1.5 atm. 1.5 atm.
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Figure 9. Rapid-scan distributed polarization curve at a cathode stoichiom-Figure 11. Distributed steady-state polarization curve at a cathode stoichi-
etry of 1.5 Alcnt equiv, showing reduced mass-transport-limited perfor- ometry of 1.5 A/cm equiv, showing mass-transport-limited performance.
mance. Cell temperature 80°C; anode inlet humidity 100% RH at the rateCell temperature 80°C, anode inlet humidity 100% RH at the rate of 90°C;
of 90°C; cathode inlet humidity 100% RH at the rate of 80°C; cathode inlet humidity 100% RH at the rate of 80°€;= 1.875 Alcnt

£, = 1.875 Alcnt equiv; and anode and cathode exit pressure 1.5 atm. equiv; and anode and cathode exit pressure 1.5 atm.

blockage effect of liquid accumulation in the GDL resulting from channel. The point at which the distributed polarization curve rolls
cathode flooding at high current densities. over into a mass-limited comma shape has been pushed-#0fo

downstream to~60% downstream. Once again, the steady-state

Increased cathode stoichiometry of 1.50 Afaaquiv—As the curves all suffer reduced performance compared to the correspond-
cathode stoichiometry and flow rate of air is increased, it is expectedng results taken with the rapid scan, especially at lower cell volt-
that the severe performance limitations observed in Fig. 5 would beages corresponding to larger mean current density.
somewhat diminished. This is observed, as can be seen in Fig. 9-12, h ichi f X . .
which are polarization and current density distribution plots for a __ Increased cathode stoichiometry of 1.875 Al@quiv—rFigures
cathode stoichiometry of 1.50 A/énequiv for both rapid-scan and 13 ar)d 14 are a rapid-scan distributed pqlarlzatlon plot and a current
steady-state measurements. Although the performance is improveg€nSityvs.location plot for a cathode stoichiometry of 1.875 Afcm
compared to the case of 1.125 ARequiv cathode stoichiometry, eqqlv._Thls condition is expected to exhibit decreased mass-transport
significant mass-transport limitations still exist at high current den- limitation on the cathode compared to lower cathode stoichiometry.
sities. In comparison of Fig. 5 to Fig. 9, the bulk fuel cell perfor- FTomM Fig. 13 it is seen that the distributed polarization curves are
mance is increased and the location and severity of the decrease gloser together, indicating a more homogeneous overall distribution

output has been pushed further downstream in the cathode floiwompared to lower stoichiometry conditions. Also, the bulk fuel cell
performance is increased, and the location and severity of the de-
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Fractional Distance from Cathode Inlet Fractional Distance from Cathode Inlet

Figure 10. Rapid-scan performanass. fractional location at a cathode sto- Figure 12. Steady-state performanwes.fractional location at a cathode sto-
ichiometry of 1.5 A/c equiv, showing mass-transport-limited performance ichiometry of 1.5 A/cmd equiv, showing mass-transport-limited performance
at high current density. Cell temperature 80°C; anode inlet humidity 100%at high current density. Cell temperature 80°C, anode inlet humidity 100%
RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate of 80°C; RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate of 80°C;
£, = 1.875 Alcnt equiv; anode and cathode exit pressure 1.5 atm. £, = 1.875 Alcnt equiv; anode and cathode exit pressure 1.5 atm.
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Figure 13. Distributed rapid-scan polarization curve for a cathode stoichi- Figure 15. Distributed rapid-scan polarization curve for a cathode stoichi-

ometry of 1.875 Alcrfiequiv. Cell temperature 80°C, anode inlet humidity ometry of 2.25 Alcrf equiv. Cell temperature 80°C; anode inlet humidity

100% RH at the rate of 90°C, cathode inlet humidity 100% RH at the rate 0f 100% RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate of

80°C,&, = 1.875 Alcn? equiv; and anode and cathode exit pressure 1.5 atm.go°C; ¢, = 1.875Alent equiv; and anode and cathode exit pressure
1.5 atm.

crease in output due to mass transport has been pushed farther
downstream in the cathode flow channel. The location at which the
distributed polarization curve rolls over into a comma shape hasas imperfect catalyst layer spread on the MEAy, catalyst layer is
been pushed from-60% for theé. = 1.5 case to~80% down- not a perfect squayenonisothermal effects, or other experimental
stream for this case. It is seen, then, that even at this high cathoderror that may cause this slight deviation.

stoichiometry there is still some portion of the fuel cell that is not

performing to full potential due to cathode reactant deficiency. Increased cathode stoichiometry of 2.25 AJosguiv—Figures

It can be seen from Fig. 12 and 14 that the inlet portion of the 15 and 16 show a rapid-scan distributed polarization curve and a
fuel cell flow path has a reduced performance that is a function ofcUTeNt densitys.location curve for a cathode stoichiometry of 2.25
current density. The difference in active area is accounted for in théA‘ICrn equiv. From Fig. 15 it is See“.th?“ th.e distributed polarization

curves are much closer together, indicating a more homogeneous

calculation for edge location current densities. This phenomenon verall distribution compared to lower stoichiometry cases. There
may be attributed to some anode-side membrane drying at the inie oes not appear to be gn location within the cath>c/)de thai suffers
caused by electro-osmotic dréihis would be lessened downstream pp y - AR

severe performance loss due to oxidizer mass limitation at any cur-

by accumulation of water on the cathode and enhanced baCk'ent density tested. Each increase in cathode stoichiometry of 0.375
diffusion, and does appear to be a function of the current densit)f 2 y ! . y :
Alcm® equiv pushed the location of performance rollover

from Fig. 12 and 13 However, there are perhaps other effects, such
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Figure 14. Rapid-scan performanaes.fractional location for a cathode sto-  Figure 16. Rapid-scan performanaes. fractional location for a cathode sto-
ichiometry of 1.875 A/crhequiv. Cell temperature 80°C; anode inlet humid- ichiometry of 2.25 A/cri equiv. Cell temperature 80°C; anode inlet humidity
ity 100% RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate 100% RH at the rate of 90°C; cathode inlet humidity 100% RH at the rate of
of 80°C, ¢, = 1.875 Alcn? equiv; and anode and cathode exit pressure 80°C; &, = 1.875 Alcn? equiv; and anode and cathode exit pressure
1.5 atm. 1.5 atm.
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grades to a steady-state value. More interestingly, it is seen that the

105 local current densities near the cathode ifiet, x/L = 0.036 and
0.109 jump to high values and remain there due to the absence of
02 pore flooding. In the middle section of the fuel cegile., x/L
R = 0.370 and 0.543 the local current densities undergo substantial
”E 0.8 1% decay after the initial jump in performance due to liquid accumula-
j:’ ] tion in pores and more moist air coming from upstream. Near the
> 0.7 4 cathode exit, the local current densities respond little to the initial
§ 1 : voltage perturbation due to depleted reactant, and then experience a
S 06 ] . Y P decay due to flooding.
g 8 Ct It has been observed that, depending on the initial state, there can
é 05 3|[—— xr=0036 be_m_ultiple steady states, depending on the history of ope_ra_ltion.
—— XL =0.109 This is a result of the relatively long time scales of GDL pore filling
== L0510 and recovery compared to electrochemical and gas-transport pro-
04 || 2T X cesses. As an example, once the flooding condition has been allowed
1| —— xL=0964 to fully accumulate and reach steady state, a sudden decrease in cell
0.3 H—— e M. i i ; e voltage does not induce much change in output. However, the same
0 100 200 300 400 500 600 700 800 900 1000 voltage perturbation occurring from a nonflooded initial condition

induces a sharp initial change, followed by a gradual flooding pro-
cess to nearly the same final “fully flooded” state. Therefore, tran-
sient flooding data are highly dependent on initial conditions. A

Figure 17. Distributed performance data after perturbation frofge;  thorough treatment of these transient flooding effects is beyond the
= 0.551t0 0.5 V. Slow flooding accumulation is seen to degrade performancas‘Cope of this paper.
e

over nearly 20 min. Transient performance cell temperature 80°C; anod
inlet humidity 100% RH at the rate of 90°C; cathode inlet humidity 100% Conclusions
RH at the rate of 80°Ct, = 1.5 Alcn? equiv,é, = 2.5 Alen? equiv, anode
and cathode exit pressure 2 atm.

Time (s)

A robust current mapping technique based on segmented flow
field and a multichannel potentiostat was successfully implemented
to study H PEFCs. Along é/zvith other diagnostic techniques such as
L . . water distribution mappingf; this current mapping technique pro-
downstream 20%, beginning with a rollover location-6#0% at  ;jes an important toglpto understand waterpr%agagemeﬂt an% reac-
€. = 1.125. This is not a universal result and is a function of cell {ant distribution in PEFCs. While simple to implement and conve-
design and total performance at a given voltage. nient to measure, this technique has been demonstrated to provide

Discussion on flooding and definition of steady stati is ap- spatial and temporal current distribution data with high resolution.
propriate to discuss the definition of steady state used. This is beSPecifically: ) o
cause in a vast majority of PEFC publications, the definition is am-  1: Benchmark current and species distribution data have been
biguous. The majority of published work reports polarization data obtained using a spt_eually designed single-pass serpentine fuel cell.
based on rapid-scan polarization curves, similar to those presente§n€se data are particularly valuable for computational fuel cell dy-
in this work where noted. While these data are highly useful for "amics(CFCD) model validation. )
separation of the effects of flooding from stoichiometry mass- 2- Data were presented that systematically show the effect of
transport limitations or humidity variation, they do not necessarily cathode flow rate. The location within the cathode flow channel of
represent the true steady state that would be achieved if the giveR1ass-limited performance was shown to be a function of cathode
cell condition was held indefinitely. stoichiometry. ) )

At high current densities, it is possible to have a flooded cathode _3: The time scale of cathode flooding was shown to be quite slow
and dry anode, due to electro-osmotic drag depletion. However, forelative to other transport and electrochemical phenomena. Transient
very thin membranes such as Nafion 152 pm), back-diffusion of current density results demonstrate a_slow flooding process that dogs
water from the cathode to anode can compensate for the3awag. npt .reach a steady state for several minutes of operation. Recovery is
follows for a fuel cell operated at full humidification on the cathode Similarly slow.
and anode sides, that any creation of water will generate some liquid
water accumulate, blocking GDL pores and inducing flooding, as- ) ) )
suming isothermal conditions, which will not be the case at high  Financial support of CD-Adapco Japan is gratefully acknowl-
current density conditions. In addition, as the operating pressure i§dged. Additionally, C.Y.W. acknowledges partial support of the
increased in the fuel cell, the volume flow rate and hence velocity ofU.S. Department of Energy and Conoco under cooperative agree-
the gas is reduced proportionally with absolute pressure. This rement no. DEFC26-01INT41098. The authors also acknowledge the
duced flow rate has the effect of reducing mass transfer between theontributions of Oliver Finckh and Qunlong Dong in the design of
channels and the MEA and tends to limit water accumulation in thethe fuel cell and calibration of the test stand components.
gas ﬂ,OW to the.theoretlcal thermodynamlc limit by redu.CIng drOP!et The Pennsylvania State University assisted in meeting the publication
entrainment. It is expected that at high-pressure operating conditionggsts of this article.
and full humidification, significant cathode flooding should occur
because flow enters the anode and cathode at super and fully satu- References
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