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This project aims to establish an innovative prased platform
for measurements and tests of the cell performafigaanar solid
oxide fuel cells (SOFC). Thus, a series of measaresnof power
generating characteristics for single-cell stackelavated pressures
up to 5 atm can be performed. The obtained reshltsild be of help
to the future development of the high-efficiency F&D and gas
turbine integrating power generation technologye Tollowings are
the project output including five items. (1) Contpléhigh-pressure
SOFC literature reviews. (2) Establish a platforon the test and
measurement of high-pressure SOFC single-cell stagkseries of
cell performance measurement are currently condu€® Study the
scale effect of pin-type flow distributors on thellgperformance of
single-cell stacks for optimization. (4) Estableiplatform for testing
various sealing materials and measuring their lgakeates. (5)
Publish two SCI journal papers].(Power Sources) and four

conference papers.

Key words: planar solid oxide fuel celktack, pressurized, scale effect, cell

testing platform
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Accepted 15 October 2009 madeis wsing measured porous tTansport properties. Applying particle image velocimetry, 1 transparent

poroas Tib-channel with different & is appled (o mezsure an effective viscosity (.} in the Brinkman

Sreaatile sl 4 kel T POUALion commonty Wsed o predict fiaw prOperties in porous electrodes. 1t is foumd thas, contrary to
Fi—s the popalar Scemario, p, §5 ot egual to the fuid viscosity (ug), DUE it is several onders in magnitode
A smaller than g resulting in mare than 10% difference on vaiues of PPO. Mumerical analyses shows (1)
Porusity while keeping & and © fixed with ¢ varying from 0.2 to 05, the highest PPD oooars a8 £=0.3 where
rrieatiliy i bt the comesponding triple-phase-boundary |ength is 3 maximom: (2] PPD increzses slightly with & when
Peak power density k= 107" m Gue to the diffuskon kimitation in anode; and (3) PPD decreases with © when = 1.5 due to
Parous sip velocity the aocurnulation of non-depieted products. Hende, 3 combinatinn of =03, k= 10F"' m®, md r= 15 is
Brinkman squation suggested for achiewing higher cofl performance of planar S0FC.

£ 2008 Elsavier B AH rigits resenverd
1. Introduction with £ =03 were used. Ni et al 4] developed an electrochemical

There is great interest in using the anode-supported solid oxide
fuel cell {SOFC), because its thin electrolyte may signify it can gen-
erate electricity at reduced remperature ranging from 600°C o
B00=C. In this temperature range, various low-cost materals can
be applied to the cell and its suxiliary components, and as such,
the influences of thermal cycles and thermal stresses to the cell’s
longevity may be mitigated |1]. On the other hand, when thick
anodic electrodes are used, it is difficult to supply enough foel o
the: reaction site commaonly known as the triple-phase-boundary
(TPR) [2]. Clearly, there is a need to carefully deal with the cell
roncentration polarization problem by the investigation of effects
of anodic microstructure properties including such as porosity (£,
permeability (k] and toruesity ( r} to cell performance, so that the
anode-supported SOFC can be operated more properly at reduced
temperatures. This motivates the present work.

Recently, many geometrical and numerical modeks have been
developed to predicc optimal electrodes” microstructures in
attempt to enhance the cell performance of S0FCs. For instances,
Deng and Petric [3] proposed 3 geometrical model o maximize the
TPB length of the elecirodes when both pore and grain sizes of 1 pm

& Cormmesponding author. Tel: +BBE 3 426 TII7:; fax: +BBE 14T G157,
E-mu| ey, sshy@nooadu tw (5.5 Shyl

{I7RT7 5308 - see front matter & 2000 Bxevier BV, All rights reseresd
do ML TGS jpowsoar 009, 10048

model based on the Bulter-Volmer equation, Fick’s law and Ohm's
[aw to study the influence of electrodes’ microstructures to the cell
performance. They found that the cell power can be maximized
when the electrodes with a pore size of 3 pm and £= 0.4 were used.
Various numerical models were also developed to investigate the
effect of the electrode’s thickness to the cell performance of anode-
supported 50FCs [5-7]. Though considerable progress has been
made in understanding the influence of anodic microstructures to
cell performance of planar S0FC, the actual transport phenomena
ocourring between flow distributors and porous electroedes which
are crucial to the concentration polariz ation still remain unclear.
For planar anode-supported S0FCs, the momentum transfer in
porous rib-channels of flow distributors features the supply of fuel
and oxidant to the electrodes and thus has great inAuence on heat
and species transports. In order to predict cormrectly the cell per-
formance, proper flow models with acourate boundary conditions
at the porous interface of rib-channels are required. Fig. 1 shows
a typical variation of velocity profiles in a rib-channel across the
anode. In it there are three different fAow regions: [1) a free flow
region with a nearly parabolic velocity profile which is governed by
the second-order Navier-5Stokes {N-5) equations, (2] a transitional
region where the flow velocity decreases drastically unfil it reaches
the Darcy’s velority, and (3} a porouws region where the flow veloc-
ity is almost constant and is governed by the first-order Darcy's
law [8]. Dbviously, low velocities and shear stresses in the transi-
tional region cannot be matched by the second-order N-5 equations
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Fig 1. Left: schemuticwelocity profiles across an anodic porows rib-chamne] between
interconmect and sfectrofyte of 2 phinar S0FC iocluding three diffsrent Bow mgioas
Right- 2 cartoon showing the Rsel pxidstion process sccurred amend the triple-
phase-boundary (TP

and the first-order Darcy's law, Therefore, various approaches have
been taken into consideration to solve such matching problem in
numerical simulations, ol which we introduce two most commonly
used equations, The Arst equation was proposed by Brinkman [9]
ina form of

‘i'}l.'l-—[[“"r

k

where p, iy, de, k and I were the pressure, the fluid dynamic
viscosity, the efective viscosity, the permeability, and the flow
velocity. Eg.( 1) isan extension of the Darcy’s law with an additional
second-order body force term [ w=w2U), where e acts as a fitting
parameter. The second equation proposed by Beavers and Joseph
110] {hereafter refer to BR[) was a semi-empirical slip boundary
condifion at the porous interface indicating the strain rate just on
the top of the porous interface,

du @
& ﬁ(u‘ — Ul
whienz L, is the free fuid velocity at the interface [the slip veloc-
ity), Up is the Darcy's velocity, « is a slip coefficient, and & is the
permeability of the porous medium. Since Ug is much smaller than
Lk, Eg. (2] may be simplified to

& - }"JE

o
where § - duifdy|, g+ It should be noted thae the slip velocities
obtained from the Brinkman equation and the B&| boundary con-
dition are equivalent when a = { e, 1'%, as confirmed by Neal and
Nader [ 11]. Values of « may vary from 0.1 to 4 depending on the
properties of porous media [10], Moreover, an important experi-
mental finding by Givier and Altobellic |12] showed that e can
be aqual to fiy (o=1) only when #> 0.9 in porous Aows. Without

) U+ VU, ()

(2}

y=Ar =

(3}

Flow Strsightensrs

s |
Table 1
Material properties ol various poroes media used in this shady.
Posous media ' 25 {mm) T
ALy 04 L1 & V-4 LES
Telly 017 ART = 104 LT3
Bi-mesh 05 L7407 LA

the consideration of this experimental evidence, all current avail-
able numerical studies in modeling the momentum transport for
S0FCs, see Refs. |13-16] among many athers, all assumed fi.= iy
in the Brinkman equation even though valuwes of £ for S50FCs are
within 0.2 <#< 0.4 which are much smaller than 0.9, To validate
such assumption {ge =) used in the Brinkman equation, this
study introduces an experimental platform for quantitative mea-
surements of slip velodties at the porous interface with porosity
closely matching that of S0FCs. Hence, the information on ple in
the Brinkman equation {Eq.{ 1)) or & {Eq. ( 3}) may be obtained and
the complex momentum transport across the porous interface of
50FCs may be investigated.

As the first objective, we measure slip velocities very near the
porous interface using a prototypical porous rib-channel with val-
ues of £ ranging from @ to 047 in a gaseous experimental platform
using particle image velocimetry [ PV and thus values of i, may be
obtained, The second but equally impartant objective is to perform
numerical sensitivity tests on effects of anodic microstructures to
the cell performance. As shown on the right of Fig. 1, the main role
of an anode is to provide the active sites for the elecrochemical
rezction, so that the oxide ions {07 ) available from the electrolyte
can react with the foel at the TPB which locates around the con-
torted boundanies among the electrolyte, the electro-catalyst, and
the gaseous fuel. This is why anodic microstructures are so crucial
to the concentration polarization of the anode-supported S0FCs,
As noted previously, quite a few studies are available for effects
of anodic pore and grain sizes to the cefl performance (e.g., Refs.
|3-71). However, very few studies are available for effects of k and
T to the cell performance. As pointed out by Koponen et al. [17],
k represents the ability of the porous media to transmit fiuid and
r indicates the shortest continuous fiow paths between any two
points within the pore space. An anode with proper values of k and
1 can significantly improve the pathway of the gases within the
porous electrodes which in tum can Rurther increase the cell per-
formance. Therefore, this study investigates numerically effects of
£, k, and r to the cell performance of a single-unit planar anode-
supponed SOFC

The following sections describe experimental methods wsed in
this study, concerning measurements of gaseous velority fields in
porous rib-channels using PIV. A 30 electrochemical flow model
for a single-unit planar anode-supported SO is then presented.
Using the measured boundary conditions at the porous interface,

Laser Sheel

,r'_-_.-

T
&

PIV Avquisition
Aystem

Fig. 2. The gaseous experimental platiorm for welocity mezsurements in 2 porous rib-channel wsing P, where U is the slip velooty 2 the pormus interfare and Uy b the

Darcy velocity.

32



pr.)

numerical simutations are performed and effects of various anodic
microstructures to cell performance of the single-unit cell stack are
discussed. Finally, conclusions are offered.

1. Experimental methods

Fig. 2 presents a gaseous platform consisting of a Plexiglas nb-
channel with different porous materials, a T51 atomizer for seeding
particles, and a PIV acquisition system. Three different porous
media with different values of £ are applied, respectively, £ =0.04
for aluminum oxide (Aly03), #= 017 for chrominm cxade (Zrd;],
and £ =043 for nickel mesh { Ni-mesh], which have microstructures
similar to commonly wsed anodic materials for planar anode-
supported S0FCs. These porous media are placed on the bottom
of the rib-channel, so that velooty distributions in the porous nb-
channel can be measured by MV, In this study, 2 mercury intrusion
parosimeter [Porous Materals, Inc., USA), is used to measure the
porous properties (£, k, and 1) of these three porous media, as
listed in Table 1. The working fiuid is air and its Bow rate is con-
trofled by a flowmeter mownted between the air bottle and the
atomizer. A hydraulic Reynolds number [ Re = Uy v) based on the
hydraulic diameter of the rb-channe] above the porous media is
used to characterize the Aow, where U is the mean velocity and v
is the lanematic viscosity of the working fluid. For simplicity, the
present work considers a flow with fixed Re= 100 and measures
commesponding velocty profiles inthese parous rib-channels having
different values of e,

As can be also seen from Fig, 2, the coordinates, x and y, denote
streamwise and transverse directions, with x =0 at the inlet of the
rib-channel and y=0 at the porous inteeface, In order to perform
PIV measurements, a small amount of tiny water dropiets with a
mean diameter of 3 um issuing from the T5l atomizer was provided
to the air Aow. We applied 10W dicde laser with appropriate ophi-
cal lenses to generate a laser sheet that cut the seeding flow in the
middle of the rib-channel [see Fig. 2). A high-speed CMOS cam-
era {512 = 512 pixels) positioned perpendicular to the plane of the
laser sheet was used to record the evolution of the flow through
the porous rib-channel using a frame rate of 2000 framess—? with
2 view field of 8.1 mm « .1 mm. All acquired images were then
past-processed bya Matlab-based cross-commelation software using
an interrogation window of 32 = 32 pixels with 75X overlapping
For detail treatment of PIV measurements, the reader is directed
to Ref, |18]. An ensemble-average velocity profile in the porous
rib-channel superimposed on an instantanecus Aow image is also
presented in Fg. 2, where the porous medium used is Ni-mesh.
Due to the optical limitation, we cannot measure the velocity
profiles inside the pomus media using the current gaseous plat-
form,

3. Numerical simulation

Fig. 3a shows a single planar S0FC stack consisting of a
positive-electrode) electrolyte/negative-electrode {PEN ) and a pair
ofinterconnects with nib-channels to distnibute fuel and air through
the PEN. In order to correctly simulate vanoos transport phe-
nomena and electrochemical reactions ocourming near the porous
interface and the PEN, sufficiently dense computational grids must
be applied to these regions. For simplicity, a 30 reacting model
with one unit of the single-cell stack, as shown in Fig. 3b is con-
stdered, where the co-flow arrangement is applied for both anode
and cathode, having a total grid-number of 250,000 for simula-
tion {already very time-consuming ). Using this 30 single-unit cell
stack model, sensitive tests on effeces of £, k and © to cell per-
formance are performed, in which only one vanable is changed
at a oime with the other variables fixed. The conservation equa-
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amangement. [b) Same a5 (2], bt for 2 single-mit cefll used in 2 30 reaciing low
model

tions of mass, momentum, energy, and species together with the
fuel-reforming reactions and elecirochemical reactions in the pla-
nar single-unit cell stack are solved using the CFO-RC package
based on a finite volume approach with appropriate computational
grids.

Since the simulations for both non-reacting and reacting flows
are performed in a steady state condition, the mass continuity equa-
tion can be described by

Vo(gll] = Sm, (4]

where £ is the porosity, o is the density of the multi-component
gas mixture calculated by the ideal gas law, and S, is a source term
generated by chemical and electrochemical reactions. The laminar
incompressible momentum equation can be written in a form of

4 Loy 0 _
v-[eﬁ.um--e';p-”;' + e V20, (5}
wihere p is the pressure. The energy equation is
V- (eolhy) = V g+ 2dV0 + 5 i6)

where hy, i the enthalpy of the gases, § is the heat flux, and 5 &
the heat sowroe term from the heat transport and the species diffu-
sion. The vanations of thermal properties for both gases and solid
materials with temperatere are also considered in the simulation.
The species conservation equation can be expressed

]

where Y, |, and wy are the mass fraction, the diffusion flux, and the
production rate of the ith species in the gas phase, respectively. In
this study, the transport properties, such as the species diffusivi-
ties are calculated using a sub-model based on the Stefan-Maxowell
equation. Finally, a Bulter-Volmer aquation is applied for the cor-
relation between elecirochemical reactions and current density in
the catalytic layer, as shown below

=i () - 3 ) o T

Voleghi)=V-J; +ox

18]
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where A; and A: are the kinetic constants determined from the
experimental Tafel slopes [19], j and jp are the cumment density
and the reference current density at a known open circult volt-
age, and F and R are the Faraday constant and the gas constant,
respectively. The other parameters in Eg. [B) are the overpoten-
tial between the electronic and ionic phases (gl the interfacal
concentration of ih species ([i]], the total number of reacting
species (N, and the concentration exponents of the ith speces( 8],
respectively.

In thiz study, fuels are syn-gases with 96X H, 265 CO,
21.6% COy, and 42 8% H:0 based on the mass fraction. The
compaosition of air is 79% Ny and 21% Oy For the anode,
hydrogen is oxidized via Hy+0% — Hy0+ 2. Simultansously,
the reduction of oxidant occurs at the cathode s via 05
0z +2e-— (¥, Since hydrogen can be reformed from carbon
monoxide at high-temperature conditions, the water-gas-shift
reaction, {0 +H30 - {05 +Ha, is also included in both fuel chan-
nels and paroos anode using @ reaction rate descnbed by the
Arrhenius law [20]. For all electrochemical reacting flow simu-
lations in this study, we keep Re fixed with Begpg.= 100 and
Reipnge = 300

4. Results and discussion
4.1. Velocity distributions in a porous rib-chonne!

Fig. 43 presents four sets of normalzed gaseous velocity distri-
butions measured in 3 porous rectangular rib-channel with fiour
different values of £ vanyng from 0 to 0.43 (different symbaols)
at Re=100 using PIV, where [[==0) is the centerline velocity
of the rib-channel at #=0 and & is the rib-channel height above
the porous media. For clarity, only twa sets of numencal data at
£=0 and &=043 (dash lines) using the assumption of ge =y in
the Brinkman equation are included in Fig. 4a for comparison.
Since the present porous media are not optically accessed, PIV
measurements can only be performed above the porous interface.
Moreover, the image processing very near the porous interface
(/=< 0L025) may suffer higher experimental uncerainties due to
the light scattening from the surface and thus PIV data below
yih=00025 will not be presented in Fig. 4a. For the case of e=0,
numerical flow data are in a very good agreement with experi-
mental PIV data. But for the case of ==0.43, nomerical flow data
close bothe porous interface (y/fi< 0.1} are found to be smaller than
the available experimental data. This is because the assumption of
[te= piy 15 used in numencal flow simulations. Taking a close look
at velocity profiles near the porous interface from Fig. da and b
shows the zame velocity data within —0.1 < yfh = 0.1 where yh=0
is the porous interface. To the frst-order approximation, these
three PIV data sets at three different values of £ (solid symbals)
in Fig. 4b are lincarly fitted with their Atting lines extending to
the porous interface. This may aflow us (o estimate the slip veloc-
ities {[f:npl {open symbols] and comesponding strain rates {j)
at the porous interface. The difference of normmalized slip veloci-
ties between experimental and numerical data, is Ak = Cl'w -
{3 puem, a5 indicated in Fig. 4b. It is found that the higher the value
of £ 15, the higher the magnitude of A0, {see the inset in Fig. 4b).
Applying Eq. (3], the effective viscosity (. ) can be estimated by
fa=ptae? | 1], As shown on the inset of Fig. 4b, pu. is sensitive to
£ for which the ratio of pelp increases from 104 to 4.9 103
when e increases from 0004 to 0.43. These results show that the
assumpfion of ge=g commanly wsed in the Brinkman equa-
tion for numerical simulations of S0FCs cannot predict cormectly
the momentum transport in the porous media when O« £ =043,
because the actual slip velocities at the porous interface are under-
estimated.
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4.2, Effect of pief ity on cell performance

S i is not equivalent to wp and it is several orders in magni-
tude smaller than gty It is thus important to know the influence of
such difference between e and wy in the Brinkman equation to
thi cell performance. Currently, this influence can be only studied
by numerical simulations. Applying the same single-unit cell stack
model described in Section 3 with swodrastically different values of
e/ iy while keeping all the other conditions fixed, Fig. & shows two
data sets of corresponding voltage and power density as a function
of current density, where the same values of £ =03, k=10-1" m?,
= 1.5, Regpoge= 100, and Re.qpmone = 300 are used in the model. 1t is
found that the value of peak power density (PPD=531 mWcom-2}
occurting 2t BI8mAcm2 for wuite=4.9 2107 is nearly 11X
higher thanthat of it .fge= 1 [PPD= 475 mWem-—2 at 731 mAcm-2).
Clearly, this increase in the value of PFD up to 11% indicates that
thie effect of e/ plays a role on the cell performance and thus
cannot be neglected.

Since our experimental data reveal that the ratio of ey varies
with &, we thus perform sensitivity analyses of the ratio of pef g to
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the peak power density of the single-unit cell stack at three differ-
ent values of £, These results are presented in Fig. 6 showing three
points. First, for all three different values of £, values of FPD increase
from about 470 mW cm— to about 520 mW cm-2 when the ratic of
pefppdecreases from 1 to 0.1, Secondly, further decreasing of a1y
from 0.1 to .01 results in only a little increase of PPD and then val-
ges of PPD remain constant when g,/ < 0005, Thirdly, values of
PPD at £=0.3 are found to be higher than those at e=0.2 and at
£= 0.4 showing the effect of £ on the power density, These results
may be understood from the governing equations used in numer-
ical simulations, For instance, the additional second-order body
force term (£, V0 in the Brinkman equation involving the effec-
tivie wiscosity which is the last term of Eq. [5) should act as a drag
force imposed by the boundaries of the grains in porous elecrodes.
When the Brinkman equation with the assumption of e/ =1 is
used, such drag force as the resistance to flow will be overesti-
mated msulting in 2 decrease of the amount of the reactant that
could penetrate into the triple-phase-boundary [TFB) around the
reaction sites. But when gy is sufficiently small {pefpe< 00017
as sugpested by the present sensitivity analysis (Fig. 6}, the drag
force term, £, V0, becomes insignificant and the mass transport
in porous electrodes shoald be dominated by the Knudsen diffu-
sionand/or the molecular diffusion. This may explainwhy the value
of PPD obtained at jepr=4.9= 10-? can be 11% higher than that
when using piefp = 1 {see AE. 5.
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Can the present measured values of pefwy be applicable
when different anode materials andior different cell configura-
tions [anode-supported vs. electrolyte-supported or planar-type
vs. tubular-type} are used? The answer is yes, because the present
PIV measurements consider only Muid dynamics aspects for porous
flowes with an emphasis on the effect of porosity. Henoe, the present
PV results should be valid even for real applications as long as the
porosity of the material i fived. However, real applications are very
romplex, because the electrochemical reactions might change the
porosity of the electrodes. For instances, the chromium poisoning
and the carbon deposition may reduce the porosity of electrodes.
For cases with changing porosity, the present PIV data obtained at
fixed values of porosity must be viewed with caution. In this study,
we only consider constant values of porosity and thus we shall use
measured transpart properties, asshown on the inset tabke of Fig. 4,
for Further numerical studies.

4.3, Effects of &, k ond © on cell performance

In attempt to predid an optimal combination of anodic
microstructures for planar anode-supported 50FCs, we perform
sensitivity tests an effects of g, k, and 1 to the @il performance
using 30 single-unit cell stack model with measured porous trans-
port properties. In it only one varisble is changed at a time while
keeping the other variables constant. At fixed values of k= 10-1 m?
and t= 1.5, Fig. 7 presents the effect of & on the cell performance.
It i found that the maximum PPD=531 mW an-2 occors ate=0.3.
Also plotted in Fig. 7 is the variation of the TPE length with &, where
the TPB length is cabculated using the formula propesed by Deng
and Petric | 3]. As can be seen, the increasing and decreasing trends
for both PPD and TPB length are essentially the same of which their
maximurm values all ocour at £=0.3. On the one hand, it is known
that smaller values of anodic £ may provide more reaction sites in
anodewhich may result in higher valoes of PPD. On the other hand,
too small anodic £ can reduce the mass transport rate due to the
decrease of the Knuedsen diffusion and the molecular diffusion in
anode resubting in lower values of PPD. These two opposite effects
may explain why the maximum values of PPD and TPE length ocour
at e=03.

Figs. B and 9 show the effect of k and the effect of © on PPO,
respectively, each including three differemt values of &, wherne
Reznpse = 100 and Regine =300 are vsed for both cases. Ar any
given values of k and r, values of MPD at ==0.3 are found to be
larger than those at either £=0.2 or £ =0.4, similar to the results of
Figs. & and 7, Results from Fig. 8 show that values of PPD increase
slightly with kwhen 102 m? < k< 10-'' m? andthen little increass
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of PPD is found when 10-1" m? < k< 10-1% m?. Porous anodes with
larger values of k may enhance the penetration of reactant to have a
larger Darcy’s velocity resulting in a higher PPD, but their mechan-
ical strength is weakened, Since the TPB length and thus the effect
of & have much stronger influence on the cell performance (Fig. 7}
than the effect of k, the appropriate value of ke 10-"" m? is sug-
gested for the anode-supported 50FCs. Concerning the effect ©, we
found that values of PPD increase with decreasing t. It is known
that the ohmic polarization may be inoeased with increasing ©
because of the increase of transport paths for jons and eledrons in
anode. Furthermore, the anode with larger values of t would inhibit
the exchange of Hy0 and H, and thus increase the concentration
polarization, suggesting that the value of 1 for the anode should be
a5 small as possible. But r< 1.5 is considered not practical for real
anodic microstructures |2, In addition, the effect of 1 is more sig-
nificant in the dense anode | smaller £, as can be seen from Fie. 9. in
whicha 13% increase of PPD can be found when values of r decrease
from 2.5 to 1.5 with £=0.2 while anly 3% increase of FPD 1s found
at £=0.3_To this end, these results suggest that a combination of
r=3, k=10 m?, and r=1.5 used in anodic microstrvctumes can
achieve the highest PP,
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5. Conclusions

This study aims to predict optimal anodic microstructures
for planar anode-supported S0FCs using 10 electrochemical fow
model with measared porous transport properties. Two key points
are summarized below,

{1} A transparent porous nb-channel with different values of =
varying from 0 to 0.43 is applied to measure an effedive vis-
cosity { p . | in the Brinkman equation commaonly used to predict
flow properties in porous electrodes using PIV. IEis found that,
contrary to the popular scenario, pie is not equal to the fluid vis-
cosity (g, but it is several orders in magnitude smaller than
iy which can result in more than 10% difference on the cell's

power density,

(2} Numerical semsitivity analyses based on a single-unit cell stack
madel found that while keeping k and © fixed with ¢ varying
from 0.2 to 0.6, the highest FPD occurs at £=03 where the
cormesponding triple-phase-boundary length is @ maximum.
An optimal combination of =03, k= 10-"" m?, and r= 1.5 for
anodic microstrectures is suggested to achieve higher cell per-
formance,

These results should be useful for further improvement of the
cell performance of planar 50FCs,
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ARTICLE INFO ABSTRALCT

Artiche sty This paper presenis a newly established testing g for planar sofid oxide fuel o2l Two sets of nearly
Received 25 Friruary 2010 identical single-cell stacks except wing diff=rent designs of fow distrilaiors are messunsd o show how
Mﬂ;ﬁﬂwnml . exartly the oell performance of such sngl=-cefl sacks would vary with @ change in the degres of fow

unifarmity. It is fowund that by using small gride vanes arcand the fsed headsr of commenly used rib-
channei flow distritutors o improve =fectively the degree of flow mniformity, the power density of the
sinple-cell stack can be increassd by 10 25 companed g0 that withouol using guide vanes under sxactly

Availabie mmbine 1B May T0IG

m ik Pt el the same experimental conditions. Also discussed are the start-up procedure and effects of hydrogen znd
it Sk bk air flow rates varyimg from 4 slpm to 1 slpm on cefl perlormance of these two single-cell stacks which
Flow distrEwenre are measured over 4 range of the operatiog temperature varying from 650C to B50<C After 100h of
Flow umilcrmty cantimuous cefl aperation, the examination of the reduction and axidation stabslity of the anodic surface
Cefl perfurmantce meazarements reveals that the improvement of flow oniformity in fow distributors is useful to achieve 2 more balanced

Anodic Te-mustateon ume af the ancdic catabyst.

O HIT0 Els=vier BV, All niphts neserved.

1. Imtroduction

The planar solid oxide fuel cell (SOFC)is of great interest because
af its foel Aexibility, compactness, and potential for achseving very
high power density [ 1]. A typical planar SOFC is assembled by tha
positive electrode-electrolyte-negative electrode (PEN) and the
current coflectors on both anode and cathode sides that are sand-
wiched by a pair of interconnects or flow distributors. Nowadays,
many different designs of interconnects or Aow distributors with
straight Alow channels separated by rectangular ribs have been used
o distribute the fuel and the coidant gases to the PEM surface, sce
for instances Refs. [2,3] among many others. A typical Aow path-
way of imerconnects in planar S50FCs may inclode three parts from
a feed header and multi-Aow channels to an exhaust header. Fur-
thermase, a good design of flow distributors not only can distribute
the fuel and the air uniformby onta the anode and the cathode for
achieving uniform diffusion processes through porous electrodes,
bast alse can provide sufficient air Bow on the cathode for remov-
ing possible hot spots during the long-term cell operation. Thus,
the optimization of interconnects or low distribartors is crucial for
further improvement of the cefl performance of planar S0FC [4,5]

4 Corrrsponding duiher at: Department of Mechanicl Engineering, Mational Cen-
fral Uinivarsity, 300 Jhong-da Road, [hang-4 Tan-yuan T30, Tareean.
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E-mall ofdrers: ssiy@molsdniw (55 Syl

OITA-TT33)5 - 52 front makier © 2000 Elsevier BV, Al rights resemed.
ol 10, 1016]].j prasour B0 004073

Recently, shy and co-workers [5] found that fow uniformity in
rib-channel interconnects may play a role on the cell performance
of asingle-cell stack based on 30 numerical models, Note that these
numerical flow results in Ref. [5] have been validated by experi-
mental flow data measured by a hydraulic platform, In Ref. [G], four
different designs of flow distributors with the same 12 rectanguiar
flow channeis divided by 11 ribs were investigated, as schemati-
cally shown in Fig. 1a. These four designs were respectively (1) a
single-inbetf single-outlet design proposed by Yakabe et al. [7L(2)a
double-inlet/single-outlet design by de Haart et al. [B], (3] same as
(2} bt with an extended rib in the center dividing symmetricaliy
these 12 fiow channels into two portsons, and (4) same as (2] but
with 10 small guide vanes equally spaced in the feed header. A flow
uniformity coefficient,

B x P o5
gl %g{ﬂnnﬁ)]

propased by Huang et al [6], was uwsed to indicate the degree
of fow unifcrmity for these aforementioned designs of intercon-
nects, where n= 12 representing the total number of rib-channels,
u; the flow velocity in the ith rib-channel, and @ the averaged mean
velocity. Both flow simulations and mexsurements showed that the
design {4} using simple guide vanes in the feed header can signifi-
cantly improve the flow uniformity 2nd thus can provide the most
uniform fiow distribution among these four different designs 6]

= 100,
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Fig L {3) Schematics of four different dessgns of Now distrivors previously wssd
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distribubions In 12 rig-channets for designs [2) and (4] Mere denoted 25 tesgns
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For completeness, flow velocity distributions in each of these
12 rib-channels for the designs (2) and (4] are presented in Fig. 1b,
both including experimental and mumerical data extracted from Fig.
& of Ref. [&]. Mote that here we denote these two previous designs
{2} and {4) as the designs (1) and (0}, It can be seen that by using
simple small guide vanes evenly spaced in the feed header [design
o), the degree of Aow uniformity can be significantly improved
where the value of I” is greater than D0% as compared to that of
design | without using small guide vanes where ['«BD%. More
important, such improvement on the degree of Aow uniformity
can result in an increase of the peak power density (PFD) op fo
11% a5 suggested in Ref. [6] based on 3D numerical models. This
mativates the present work aiming to address the following ques-
tion. How exactly would the effect of fow uniformity vary with
a change in the power density of single-cell stacks using different
designs of flow distriburtors? Hence, this paper introdoces a high-
temperature SOFC testing rig to measure the cell performance for
these aforementioned single-cell stacks. By comparing the power-
generating characteristics bebween two sets of nearly identical
single-cell stacks excepe that different designs of fow distributors
{designs | and 11} having different degrees of flow uniformity are
applied, the influence of Aow uniformity to cell performance can
be thus measured. However, there are some problems o be solved
before a dear-cut result on the effect of fiow unifermity can be
obtained, as discussed below.

At high-temperature conditions, the commonly wsed metallic
interconnects using the materials such as the chromium-based
{Cr) alioy with a higher ootsdant resistance (eg. crofer 22-APU)
and the doped LaCr0y-based ceramics have higher valses of the
coefficient of thermal expansion {CTE] than that of the PEM. result-
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ing in hgh thermal stresses and probably causing cacks of the
PEN 9] Furthermare, the Cr-based vapor species wolatilized from
these metallic interconnects can be oxidized and deposited on the
cathode, which in turn inhibit the reduction of oxygen when the
operating temperature & higher than 800-C [ 10} Both the mis-
match of CTE among componients and the Cr-poisoning problems
can lead to rapid cell degradation [11]. To circumvent the afore-
menticned problems, Lio et al. | 12] established a single-cell stack
wsing a disc-shape FENL In Rel. [12], the gaseous reactants were
distritnsted via various pin-type ceramic Aow distributors and the
current on the surface of electrodes was directly collected by Mi
{anode] or Pt {cathode ) meshes, so that the Cr-possoning problem
from the metallic interconnects can be avoided. In addition, the
singie-cedl stack was assembled wsing a seal-less arangement and
thus the CTE matching problem among various components can be
also avosded [12] it should be noted that such a seal-less assem-
biy could have a serious problem on the cell degradation doe to
the crass-leakages of fuel and air in the single-cell stack This leak-
age problem must be solved before any practical use. Therefore,
this study apgdies the similar methodology proposed by Lin et al
12] using ceramic rib-channel Aow distributors and the seal-less
assembly for the present square-shape single-cell stack test, where
the currents on the surface of elecirodes are collected by using Mi
and M meshes for the anode and the cathode, respectively. Further,
we keep the flow rate of the anode being at least equal to or slightly
higher than that of the cathode to avoid the possible air leakage to
the anode when the seal-less assembly is used.

In the following sections, we will first introduoce the single-cell
stack testing rig. Mext we will describe the start-up procedure znd
show the time dependence of the open circuit voltage {0CV) for the
present two sets of nearly ientical single-cell stacks except using
different designs of flow distribotors. Results of power-generating
characteristics are then presented o demonstrate how exactly the
cell performance of these two sets of single-cell stacks woold vary
with a change in the degree of flow uniformity. Variations of oper-
ating temperatures and hydrogen and air Aow rates o the cell
performance of the single-cell stacks are also discussed. Finally, we
will show the observation of the re-oxidation zone on the anadic
surface of the PEN after 1005 of the continuous cell operation that
occurs only in the case using the design L

2 Asingle-cell stack testing rig

Fig. 2 shows photographs of a SOFC testing platform using
a temperature-controlled fumace where the single-cell stack is
tested. Also shown in Fig. 2 are various gas supply lines, the humid-
ifier, the Aow controfier, the monitoring and measaning system
{a Prodigit 33100 electronic load controfled by 3 data aoquisi-
tion computer], 2nd an exhaust gas bood. The fumace can provide
an isothermal environment from room temperature to 1000 <C
Thus, the current-veltage (-] and current-power [I1-P] charac-
teristics of the single-cell stack ran be measured at the selected
high-temperature conditions.

The lefi part of Fig. 3 presents a photograph of the armrange-
ment of the testing single-cell stack embedded in a ceramic housing
inside a furnace, whereas the right part shows the exploding
sketch of such a single-cell stack. As can be seen, the single-cell
stack consists of an anode-supported PEN with an effective area of
Anmm x40 mm {ASC 3 purchased from H.C Starck), a crofer 22-
APU supporting frame, and two current collectors using a porous
nickel sponge on the anode side and a platinum mesh on the
cathode side for the collection of the elecirode current. The wse
of the metallic frame not only provides the mechanical support
to the PEN but also features as a separator to prevent the possi-
bie cross-leakages bebween fuel and oxidant from both feed and
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Fig. 2 ASOFC tesfing platinrm mchuding 2 furnace in winch the single-cel] stack is tesied, various gas supply valves and imes, the =xhaust gas hood, anid power measuring

devires

exhaust headers. In this study. both upper and lower Dow distrib-
utars (see Fig 3) are fabricated by aluminum ooide materials, so
that the poisoning probiem of the electrodes due to the chromium
volatilizatien from the metallic flow distribwtars can be avoided.
The PEN, the frame, and the current collectors are then sandwiched
by the upper and lower flow distributors. After many tests, appro-
priate koad plates having a total of 3 kg are applied (see the left part
of Fig. 3) in order to obtain a good electrical contact among the
PEM and the two current collectors. Mote that no bolts are used for
the assembly of the present seal-less single-cell stack. 5o the stack
is not tightly screwed and thus the CTE matching problem amaong
different components of the stack can be eliminated. The above
arrangements are essential to simplify the very complex poisoning
and CTE matching problems ocourred in the real SOFC operation
and thus allow a chear-cut measurement purely on the effect of

Exhasreil
tes hoad

777 [t 77

U pper Plare

| Deswributor

Ratium Flase

flow uniformity = the cell performance to be achieved. By direct
COmparing power-generating characteristics between two sets of
nearly identical single-cel] stacks except using different designs
of fliow distributors, one with small guide vanes around the feed
header having higher fow uniformity (design 0) and the other
without (design 1), we are able to identify the acheal influence of
flow uniformity to the cell performance.

3. The start-up procedure

The standardiration of the testing procedure is criscial to obtain
repeatable and rehable experimental data and thus must be aken
with great caution. This study follows the same testing proce-
dure proposed by Haanappel and Smith [13] for cell performance
measurements of these aforementioned singie-cefl stacks wsing

Adp Chukler
Adr Inleis

Fluw
Ebisdrahim o
Pt mesh
PEN ——
Fraame
i mesh
Flins

Fusel Dl
Fuel Inlets

Fig 3. The arrangement of 2 iesing single o3 sk posibioms] inside 3 ceramic housrg in the fumace with sppropriste Insding plates Jong with te expioding sketch of

the single-ceil stack.
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two different designs of flow distributors. As can be found in Ref,
[13] the procedure begins by delivering the test plan and ident:-
fying the critical parameters for the cell tests. Following that the
single-cell stack is properly mounted to the testing platform for
pre-conditioning of the single-cefl stack. Then the very slow heat-
ing process of the singhe-cell stack is carried out under nitrogen,
cathode and anode sides, respectively, with gas fiow rates of 0.2
standard liters per minute (slpm) on both sides | 13] in this shedy, a
pragramemnable logic controlier is used to control the temperamre of
the furnace, such that both heating and cooling rates of the fumace
can be controlled at a constant rate of §*Cmin-' in order to very
slowly heat op andfor cool down the furnace o the wanted temper-
ature. As pointed out by Haanappel et al. [14] the lower redoction
temperature of the anodic catalyst can result in a lower cell perfor-
mance having a longer time o reach steady state performance and
a much larger scattering of data points. Therefore, for achieving
a higher celi performance, this study uses a kigh reduction tem-
perature at T= 850 °C during the 24-h anode reduction process, in
which mixtures of hydrogen and nitrogen with the flow rates of
%y, = 0.08 slpm and Qy, — 0.2 slpm are continuously provided to
the anode topether with an air Aow rate of Q= 0.08 slpm to the
cathode.

Fig. 4 shows the entire time dependence of the cell voltage
during the start-up process for two independent sets of nearly
identical single-cell stacks except that their fow distributors are
different. one with small guide vanes (design 1) while the other
without {design 11, Mote that the time origin in Fg. 4 i selected
at the time when the very siowly heated single-cell stacks have
reached the wanted temperature at T= E50°C 1t is found that val-
pes of OCV are essentially the same for both designs only in the
very beginning of the start-up process, As the anode reduction
time increases further up to 2h, the value of OOV for the design
I -quickly increases and appeoaches its maxemum value of about
1.15%. This time period is moch faster than that of the design |
which needs more than 9 h of the anode reductson time to reach its
maximum OCV value. The reason for such a discrepancy in the time
dependence of values of OOV between these two cases is clearly
due to the infleence of fow uniformity, since almast all experi-
mental conditions used in these two sets of single-cell stacks are
the same except that the dessgn I using small guide vanes around
the feed header of the rik-channel fiow distributor has a higher
fow umiformity than that of the design L From the time variation
of the cell voltage during the start-up process (Fig 4), we con-
chede that 3 more uniform reduction of the anodic catalyst can
be obtained by improving the flow uniformaty in rib-channel Aow
distributors.

L2 [rrr T
I;l' ___a-"'r o
e’
=0 S Doaige 1] fusing guide vaney
| R T N
0.6 7 E
; 1 Amadde giide: ]
o0 o E:::: ]
027 Caihode: '
] Dy = 258 g
nl 1 L | i i i T Ll
o 5 1 15 k1] 15
Start-ap Time {(hours)

Fig 4 Variations of SOV during the stari-up process for Bhe two sets of identical
singhe el slacis exce pt using different Now disiziltons.
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4. Power-generating characteristics

After the completion of the start-up process while keeping the
operating temperature constant at T=850C, we measure individ-
ually the power-generating characterestics of the aforementioned
two singie-cell stacks wsing different designs of flow distributors
(designs | and 0). For both designs, the measurement begins from
the zero current for the DOV and then increases the current den-
sity lnad incrementally, 2achincrement by 12.5 ma cm-2, until that
the current density load is increased to be 400 mA cm—2. Farther-
mare, the measuring time period for each data point should be loag
enough o assure that the power-generating data are obtained at
the equilibrinm state. By systematically testing different measuring
time periods varying from 0,55 to 50 5, we found a suitable measur-
ing time period of 305 that can meet the equilibrium requirement
and thus it is used for all measurements in this smdy. Note that
the cell voltage at every incremental step of increasing the current
density Ioad is repeatedly measured 30 times to obtain a correct
statistical average vakue. These results are presented and discussed
belowr,

4.1. Efect of fow uniformity of variows hydrogen fow rates

Under exactly the same experimental conditions except using
or not using 10 small guide vanes in the feed header of flow
distribnrtors {see Fig. 1} we measure the -V and &P curves for
gach of two sets of single-cell stacks at four different hydrogen
fiow rates while keeping O, = (y;; 2nd the operating tempera-
e constant at T=E50-C These results are presented in Fig 5,
where corresponding values of the power density are also plot-
ted, Dur experimental data show that for the case of nsing small
uide vanes (design 1), the overall cell performance o found o
be generally better than the case without using small guide vanes
{design 1) and this is valid for all fiow rates studied varying from
0.4slpm o 1.0sipm Obviously, such a better cell performance
ohtained for the design 0 is due to the usage of small guide vanes
that can improve efectively the degree of flow uniformicy in rik-
channel flow distributors. The higher Aow uniformity is. the higher
power density is. As seen from Fig. 5a for the case of the lower
Oy, = 0.4 slpm. aweak concentration polarization can be observed
when the voltage is below 07 V. However, for kigher hydrogen flow
rates {Figs. 5b-d), no sign of the concentration polarization can be
abserved when the maximum ourrent density load is limited at
400 macm.

To better demonstrate the effect of flow uniformity to the cell
performance, the power density data measured at the macimum
asrent density load {Iy=400mAcm 2] for both designs [ and 11
(=ee Fig. 51 are re-plotted against the hydrogen fow rate. These
results are presented in Fig. 6. 1t is found that at the fixed operating
temperature of T= 850 -C, values of the power density, respectively
for the design It andior the design 1, increase largely from 250
andfor 232 mw cm-? to 295 and)jor 274 mwW cm-2 when the hydro-
gen flow rate increases from 0.4 slpm to 006 slpm, This result shows
that the power density is sensitive to the hydrogen fiow rate when
Q.;a < 0.65lpm. On the other hand, at higher values of Oy, - 0.8
and 1.0slpm, the power density is found to be not so sensitive
to the increase of Q.. where the design I has a power density
af 311 mwWem? compared o 280 mwWem— for the design 1 at
ther same y, — 1.0slpm 1t is worthy noting that by using sim-
ple small guide vanes around the feed header of the mb-channel
fow distributar {design 1) to improve effectively the degree of
Thow uniformity, the power density of the single-cell stack can be
increased by about 10% &5 compared to that without wsing guide
vanes (design 1) under mdactly the same experimental conditions
(see Fig GL
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Fig 5. Comparson of power-generating characteristics between bwo sets of the single-cefl stack using different designs of fiow dstrimiors over 2 range of (g, and Qy,

warying from 0.4s1pm (o § sipm at 3 ooastant operating temperature 7= 2500

4.2, Ffect of flow umiformity af vorons operating temperahmes

Using the similar arrangement as Fg 6 for both designs Land 11,
Fig. 7 presents the comparison of power-generating characteristics
between these two single-cell stacks at three different operat-
ing temperatures: (a) T=650-C, (b} T=750-C, and (c) T=850°C,
respectively, where the fiow rates are kept constant at Qy, = Qi -
1.0slpm. Az can be seen from Fig. 7. values of OCV are about 1,17,
1,16, and 1.15V respectively at T=650C, 750-C, and §50°C. of
which a small decrease of OOV with increasing the operating tem-
perature is found, This is expected because the Gibbs free energy of
reactants decreases with increasing temperature. When the oper-
ating temperature is bow at T= 650-C, the increase of the power
density due to the influence of Aow aniformity & only incremen-
tal. where the measurement is ended at 056V (Feg. 7aL As T

A7 T T T
- 3
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E 108
z
E e LA
%' i Inesign § 1
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Y _
¥ ogaal 7w g -1 ]
§ & Current deasity: 400 mA cm

i i 1 i i 1 i N
!lh L. L8] 1
Hydropen Flow Rate (stpm)
Fig & Elfert of hydrogen fow raie on the power density for wn ssts of identical

rgie-cel starks excepd e aillerent Bow Sembainrs, where (he cperating fon-
diitions are fwed 31T - 850-C, O, 1L, = 1, 2nd the corrent density Ly =40 mb on 1

increases, the coll pedformance for both designs quickly increases
becanse the ionic and electrical conduactivitses of the cell compo-
nents increase with the operating temperature. It is found that
there is an increase of 11.9% in the valse of the power density when
compared the design [ with the design | at the same T=850-C and
Ig= 400 mA cm— {see Fig, 7c) Such an increase in the power density
s due to the fact that the higher flow uniformity in flow distributors
results in a mone aniform wse of the anodic catalyst,

Fig. B shows the same power density data measured at 08V
from Fig. 7, but plotted against the operating ahere: It is
clear that the power density of the design Il is very sensitive to the
operating temperature, as its value increases from 100 mw cm-2
o abowt 300myy cm-2, a nearly three-fold increase, when values
of T increase from 650°C to 850C Similar resulis are also found
for the design 1. Mareaver, the higher the operating termperature is,
the farger the influence of fow umiformity is, as can be seen from
Fig. 8.

4.3, Observation of anodic re-modatian zone

Fig 9a and b presents photographs of two diferent designs
of doubie-inket (single-putlet rib-channel fiow distributors, respec-
tively the desipn | and the design 0 that are wsed in the
aforementioned single-cell stack testing, along with their associ-
ated anodic and cathodic surfaces of the PENs after 100h of the
continuows operation. Mote that the onfy difference between these
rwa flow distributors (see R 9) lies in the use of 10 small gueide
vanes around the feed header for the design 1l featuring a mach
higher degree of flow uniformity than that of the design 1. Bath
flow distributors have eight small holes on their rib-channel area
allowing the access of the voltage and current probes for power
measurements. As seen from Fig. 3a for the design 1, different color
distributions on the anodic surface of the FEN are observed as
marked by white dashed Lines. indicating that the anodic cata-
Fyst may suffer the formation of anodic re-cotidation zone. This is
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neat due to the air leakage because we have carefully controfled
the same flow rates applied for both anode and cathode, and
more importantly. the obtained values of OOV are all greater than
1.1 V. In addition, this &5 not just a one-shot phenomenon, because
such an anodic re-pxidation zone is observed for all cases using
the design 1 as their Aow distributors after 100h of cell opera-
tion. Previous results applying the scanning electron microscope
{SEM] technique have showed that the color of an initial anode
[ NI Y521 with a stoechiometTic ratio beteeen Ni and 0 elements
shouid be in green the color of a fully-redeced anode (metallic
Wi'vsZ) should be in grey, and the color of a re-oxidized anode
[Nij_y0f¥5Z) should change from green to black [dark green) with
increasing &, as can be found in Bef [ 15]. In Fg. 9a, all three col-
ofs (green, dark green, and grey) are chserved from the anodic
surface for the design L In other words, different composites of
the anodic catalyst for the design | have been formed after a long
time operation {1000}, on which there are the fully-reduced area
{grey color], the bocal re-oxidized zone (dark green), and the sell
oxidized part (green). Contrary to that of the design 1, only one
cobor of the anodic surface of the PEM is observed when the design
1 is used, x5 shown in Fig. 8b, revealing a very uniform redaced
anode that is in grey color. By comparing these anodic surfaces
bebtween designs [ and 0, it is straightforward to realize why the
better flow undformity in flow distributors can lead to a better
ell performance as discussed in Figs. 5 @nd 7. To the other side,
the cathedic surfaces of the PENs for both designs lock almost the
same after 100h of the continnous cell operation {see Fig. 80, prob-
ably because the axygenin the cathade has a much slower reaction
rate,

‘What is the reason for causing the aforesaid anodic re-cocidation
in the case of non-uniform flow Reld? The possible answer may
be hightighted from previous studies on the anodic re-oddation
mechanisms (e.g. Refs. [ 16,17]L As suggested by Hatae et al [ 16],
the spongy anadic microstrscture can be generated when B8 was
re-oidized either by Oz in air or by the oxede ion current. The
latter re-oxidation mechanism has been confimmed by a damage
study of Mi- Y52 re-oxidation in anode-supported SOFCs, showing
the effect of fuel starvation on the anodic re-oxidation by the oxide
ion current. Hemce, it is thought that the chserved re-owidation
phenomenon ocowrmed anly in the case of non-uniform fAow feld
is probably due to local fuel starvation resulting in non-uniform
electrochemical reactions and thus non-uniform temperatare dis-
tributions on the anodic active area.

The aforementioned results are important, because the reduc-
tion and oxidation {redox) stabelity of Mi-based anode is a key
refiability issue For SOFCs. The occurrence of the anwanted re-
oxidation zone on the anodic surface can decrease the porosity of
the anode. This in tum inhibits the fuel deffusion process through
the porous anode, makes micro cracks at the interface between the
anpde and the electrolyte possibie, and eventually causes the sever
degradation of the znodic catalyst. Such an anadic re-pddation
is attribated to non-uniform fuel Aow velocities in these 12 rib-
channels {design 1), because 3 non-uniform fuel distritastion can
result in 3 non-uniform fuel otifzation on the anode and a sig-
mificant drop of the fuel partizl pressure, close to Zero, may occur
locally for some very small fuel flow velocities. That is why the
anpdic re-oxidation zone does not oocwr when the design 1 with
a wery high degree of flow aniformity is applied. When the local
re-cxidation of the anode ooours, the corresponding local part of
thee Mi-mesh is also onidized, which in tum insulates the pass way
af the electrons from the anode to the current collector resulting
in a decrease of the cell performance. Hence, the improvement
of flow uniformity in flow distributors is useful to increase the
cell performance (see Figs. 5-81 1o avoid the unwanted local re-
oxidation of the anode, and to extend the longevity of the cell stack
(see Fig 9L
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5. Conclusions

A high-temperature single-cell stack testing rig for planar S0FC
is established to measure the influence of flow uniformity to power-
generating characteristics of single-cell stacks over a range of the
opersting temperature and the hydrogen Aow rate. It & found that
by simply using small guide vanes equally spaced around the feed
header of commaonky used rib-channel flow distributors 1o efec-
tively increase the degree of flow uniformity in flow distributors,
the power density of the single-cell stack can be increasaed by about
10% as compared to that without using guide vanes under exactly
the same experimental conditions. Therefore, the present measure-
ment validates gur previcus numerical predication using the same
single-cell stack configuration [G]. Furthermaore, the improvement
of flow uniformity in flow distributors is heipful to enhance the
redox stability of the Ni-based anode, so that 2 balanced use of the
anodic catalyst can be achieved for the continuous cell operation.
This is important o extend the kngevity of the cell stack.

These results should be useful for planar SOFCs. For further
stuies, we are currently conducting measurements of resistance
spectra of these single-cell stacks using the ACimpedance and study
the mecrastructures of the elecirodes by SEM in order to under-
stand the cefl degradation mechanism and the redox stability of
the anode in more depth. These experimental data will be reported
in the future,
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