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1 Introduction

The proton exchange membrane (PEM) fuel cell iseurattive development because of its
relatively low operation temperature, size flextgjl quick start-up, system robustness and
pollution free operation. Because of its low opiegtemperature, typically less than 100 °C, the
product water often remains in liquid form withimetcell. The condensed water may flood the
cell which significantly hinders mass transport7]1-Therefore, flooding must be properly
prevented by e.g. the hydrophobic treatment of anrapts [8]. On the other hand, deficiency of
water decreases the proton conductivity of the nmanm#and thus humidification of reactants is
typically needed. Water management has a consigeedfiect on fuel cell performance and the
process is highly sensitive to operational and netparameters [9-13]. Water transport inside
the fuel cell has a close link to temperature iigtion since water and oxygen diffusivity,
saturation parameters, and reaction kinetics areteahperature dependent, see, e.g. [14].
Therefore, extensive modeling studies have beentdéwto obtaining an accurate picture of the
combined thermal and water transport phenomena,esge[15-17]. Furthermore, accurate
prediction of the temperature distribution is ofaviimportance for achieving better and stable
performance of the fuel cell. This is because #maperature distribution caused by inadequate
thermal and water management may lead into formatfdocal hotspots in the cell, which may
degrade the cell components and drop the life-tfrtee cell [18,19].

One of the most common shortcomings of previouglistuis disregarding the effect of
compression on the physical properties of theamthiponents. When the fuel cell is assembled, a
certain compression pressure must be exerted tdev@chadequate contact between the
components and to ensure proper gas sealing. $&ésroling pressure has a significant effect on
fuel cell performance [20-23], mainly because ohraes in the morphological and physical
properties of gas diffusion layers (GDL) and cataliayers (CL). The GDL and CL in general
have highly porous structure because of the reopgings set by their functions [24], and the pores
of GDL are crushed to some extent when compregsiessure is applied. Generally speaking,
increasing compression improves the electric cotidtic of GDL [25,26] and decreases the
contact resistance at the interfaces [27-30]. eantlore, the preferential pathway for liquid water
transport may be created in the compressed pémedBDL [31-33]. While a certain compression
pressure is necessary, excessive compression isipedetant transport by decreasing GDL
porosity [34,35] and may also damage typical pa&ygse GDLs and other components [31,36-38].
Thus, an optimum compression pressure and comprabsekness, which trades off these
competing issues, has to be identified for eactesys

Of particular importance is the fact that the coesgion pressure over the GDL is

inhomogeneous because of the rib/channel struofutee neighboring bipolar plate. In an actual

fuel cell assembly, the compression force is egepractically only on the GDL under the rib of

the bipolar plate but not under the channel. Asm@sequence, thickness of the GDL varies, i.e.
the GDL under the rib is deformed and becomes éniand the GDL under the channel partially
intrudes into the channel as seen in Fig. 1.

The thickness variation of the GDL may be a deeisigctor for transport phenomena and
consequently cell performance. However, only a feadeling studies were found where the
thickness variation of the GDL was considered, esge [39-43]. Although those studies provide
insight into transport phenomena in the cell, thly leave room for discussion. This is because
many parameter values that were used, such ascteatistance or conductivity, are subject to
high uncertainty.

Using proper material parameters in models is gighportant for studying the local phenomena,
which can not be easily interpreted by the poléigpacurves only. It is often the case that
modeled polarization curves obtained from two medehich use different assumptions and
modeling parameters are quite identical and fitl teethe same set of experimental data [44-46].
This is also the case in the authors’ previous ystwhere the polarization curves using
previously adopted assumptions agreed fairly wdth wesults from a model which considered
the inhomogeneous compression [47]. However, thieeotidensity distribution inside the cell

was significantly altered when inhomogeneous cosgiom was taken into account, in which the
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properties of the GDL were varied according to thi&kness. This finding highlights the
importance of detailed knowledge of the cell comganproperties in realistic operating
conditions.

So far, information on experimentally evaluated elody parameters has been limited and
further investigation of physical properties of GPils essential, especially paying attention to the
effect of compression. It should be noted thatetfiect of compression on the physical properties
of the GDL have commonly been investigated as atiom of compression pressure. However,
correlating this data to conditions inside a fuell assembly is not straightforward since the
compression pressure exerted onto the GDL depentigeahickness of neighboring gaskets and
is different from the cell assembling pressurefdect, the thickness of the GDL compressed to
gasket thickness under the rib as well as its upcessed thickness under the channel are the
only parameters one can set in a realistic fudl ameistruction, and they determine the GDL'’s
characteristics. Therefore, the compression effeotld be discussed in the light of compressed
GDL thickness, not compression pressure. Thisse abnvenient for model construction, since
one just needs to change the parameters accomlitigetmodel geometry when the effect of
compression is considered. Therefore, the physicaperties of GDL were evaluated as a
function of its thickness, and the significant effeof compression have been outlined in ref. [48].

The properties which were not characterized in #uwhors’ previous study are thermal
conductivity and thermal contact resistance. Todhthors’ knowledge, only few experimental
assessments of the thermal properties of cell caams in sufficient detail have been carried out,
e.g. by Khandelwal and Mench [49], and Vie and #tjeip [50]. Since it was thought that the
thermal properties depended on the compressiosumesurther study of compression effect on
them was warranted. The purpose of this studyetfbes, is to provide comprehensive details on
the thermal properties of GDL as a function ofcitenpressed thickness. The results will then be
used in a modeling study to achieve deeper unahetistg of transport phenomena.

GDL intruded into channel

300 um
g
R
,. e 5o " A "“"f‘
o ‘ 15 : 24
GDL compressed under rib J_
R‘ G E = S

Fig. 1 Cross-sectional view of the GDL and flow fid plate taken by optical microscope (OLYMPUS
PMG3). The GDL is compressed under the rib and paially intrudes into the channel.

2 Experimental

2.1 Stress-strain behavior of GDL

The stress-strain behavior of the GDL (SGL SIGRAEHD BA) was measured with the
experimental setup illustrated in Fig. 2. It cotssisf a base foundation, base plate and support
plate fixed to each other with bolts and guidingdsioThe dial indicator was installed into an
opening in the base plate and base foundation.Gbk sample placed on the base plate was
compressed by a steel rod and the weight loadeal ibnThe support plate kept the steel rod
perpendicular to the GDL sample to ensure even pessipn onto it. A hole was cut into the
center of the circular GDL sample so that the fighe plunger of the dial indicator had direct
contact to the bottom of the steel rod. A clearaadage of this design was the capability to
directly measure the deflection of the GDL undenpeession.

7



Measurements were conducted using 1 to 4 stackddsGIhe area of sample GDLs was varied
by changing both inner and outer diameter, rangioign 7 to 15 and 12 to 27 mm, respectively,
for quantitative analysis. Various compression dgravere exerted onto the GDL by increasing
the loading weight at 0.5 kg steps up to 82 kghaéligh Mathias et al. [24] determined a
maximum load of 2.75 MPa for the GDL (Toray TGP-l@Q6compression pressure up to
approximately 5.5 MPa was applied in this study.

It was found that the more GDLs stacked the longerinterval required to achieve the steady
state conditions after the weights were loadedréfbee, the load was increased at 5 to 20 minute
intervals, depending on the number of GDL sampleteutest. Measurements were repeated five
times for each sample area and number of stackddsGD

The initial deflection of the GDL was found to l@rfy susceptible to low compression pressures,
probably because of the rough surface of the GDher&fore, an additional measurement
applying low compression pressures was conductied) assmaller steel rod and lighter weights
up to approximately 5 kg (~ 0.1 MPa).

Support plate
< Steel rod
f M
[GDL ‘ Plunger

Dial indicator

Fig. 2 Schematic of experimental setup for measurinthe stress-strain behavior of GDL

2.2 Thermal properties of GDL

2.2.1 Experimental setup and measurements

Fig. 3 shows the experimental setup for measutieghermal properties of the GDL. Heat flux
from the heating element (Watlow Metric FIREROD@rttidge) embedded in the lower graphite
rod transferred from the lower rod to the upper thugh the GDL(s) between them. The
graphite rods were constructed so that the endidaici the GDL had a smaller diameter of 20
mm. This shape was found to curb heat transfeutirair between the two graphite rods and
maximized the heat transfer through the GDL acogrdd an unpublished modeling study by the
author.

The graphite rods and GDL samples were thermaliylated from the surroundings by a PVC
tube and polystyrene insulator. The temperaturth@fupper end of the upper graphite rod was
maintained at approximately 16 C° by a cooling kl¢Ehermaltake CL-W 0087) through which
coolant fluid flowed. A thermostat (Lauda RE 310lleh with a Lauda E 300 controlled head)
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was used to control the coolant temperature amd. fldhis system allowed constraining the heat
dissipation in radial direction and thus, a neame-dimensional heat transfer in longitudinal
direction was achieved.

GDL samples having an area of 144 fnwere placed onto the lower graphite rod. The fixtu
accommodated 1 to 5 stacked GDL pieces. Measurememte conducted with various
compression pressures by changing the weight loaaeging from 4.7 to 77.8 kg. Corresponding
compressed GDLs thicknesses were calculated usingiéasured stress-strain curve (see Fig. 4).

Temperature probes (Labfacility Pt100/1528 ClassvAje located at four points (‘A’, ‘B’, ‘C’
and ‘D’ in Fig. 3) in the upper and lower graphitels. Furthermore, an additional temperature
probe ‘E’ was installed in the upper graphite rodhe vicinity of the cooling block to measure
the temperature at the graphite rod/cooling blatkrface. Temperature readings were recorded
every 5 seconds with a data logger (Agilent 34970vt)l steady-state conditions were achieved.
That took typically more than 5 hours.

In order to accurately determine the heat flux gfamed through the graphite rodsgela
separate measurement was conducted. The experimgygem of this measurement is
fundamentally similar to the one shown in Fig. &hvwthe exception that the two graphite rods
and the GDLs in Fig. 3 were replaced by one loraphite rod, into which temperature probes
were embedded. The Q@ was calculated from Fourier's law using the knowrermal
conductivity of graphite, 128 W K™, and the temperature drop measured with the texhper
probes. For quantitative analysis, two differerdtirey powers were applied, 4.05 and 5.24 W.

Weight

== coolant fluid

| Cooling block

|Graphite rod (13 cm)l—) ‘
>
PVC tube .

Thermal insulator

1

< —| Temperature probe

Heating element

Fig. 3 Schematic of thermal properties measuremergystem

As discussed previously, changing the compressieaspre leads into changes in both electric
contact resistance and electric bulk resistan¢glif [48]. This correlation between compression
and resistances was expected to hold true alsthéomal resistances because of the analogy of
electric and heat transfer. Therefore, the auttagglied the experimental technique of the
previous study to derive the thermal bulk conduistisnd thermal contact resistance separately.
A brief description of this experiment process ieg below, and more details can be found in
the previous study [48].



2.2.2 Thermal conductivity of GDL

The measured temperature drop between points ‘8"@h(Fig. 3), ATgc, is a function of the
number of GDLs, n, and the compressed GDL thickiesand is expressed as

A-I-B—C (h’ n) = (ZRC,GDL/GR(h) + (n _1) mC,GDL/GDL (h) +n mo,GDL (h)) |:GQGDL + 2Rb,GR @GR (1)

where Repucr(h) denotes the thermal contact resistance betwlserGDL and graphite rod,
R:couepl(n) the thermal contact resistance between two G p(h) the thermal bulk
resistance of GDL, Fxrthe thermal bulk resistance of the graphite rdee feat flux through the
GDL, QgpL, Was calculated from GDL sample area ang Qased on the assumption that heat
transfer from graphite and GDL to the air gap wegligibly small.

To eliminate the thermal contact resistance betwkenGDLs, conductive silver particles were
sputtered onto the GDL surfaces. The sputteringcge® was referred to that in published
literature [51,52]. This method has been showretluce the contact resistance without affecting
the bulk conductivity significantly [53,54]. All GDsurfaces that came into contact with other
GDLs were silver coated, but GDL surfaces facing traphite rods were left untreated to
evaluate Repuer(h). This procedure allowed eliminating &ucou(h) and reducing Eg. (1) into

ATy c(hyn) = (2RC,GDL/GR(h) +n[R, g, (h))m;.)GDL + 2R, or [Qsr )

Thus, plottingATg.c as a function of the number of GDLs, the slopéhef graph, S, gives the
value of R gpi(h)-QspL-

The thermal bulk conductivity of the GDlkgp (h), can be expressed with, &.(h) and the
compressed GDL thickness h as:

h h
Koo (N) =——-==Q,
Rucor) S -

For the calculation of thegp,(h), the evaluated h (see Fig. 4) were used basé¢kdeoassumption
that the values of h depend on the compressiosyredut not on the number of stacked GDLs.

2.2.3 Thermal contact resistance between GDL and graphite

For determining the thermal contact resistance éetvthe GDL and graphite rod; &ucr(h), a

3D model corresponding to the experimental apparditig. 3) was constructed using a
commercial finite element method solver softwar®SOL Multiphysics 3.2a). This procedure
was adopted because it was believed to be diffioukeparate the contact resistance from the
total resistance experimentally.

The temperature distribution in the system wasesblusing the measured values for thermal
conductivities and calculated heat flux and varythg GDL thickness from 129 to 338n
corresponding to the experimental work. The unknparameter, Rspuer(h), was varied until
the resulting temperature profile correspondedh¢omeasured values.

The temperature profiles in the graphite rodg, Tand the GDL, §p., were modeled using the
governing equation for heat flux which follows frahe Fourier’s law:
DT = 00~ KepOTor) = 0 i Kep, 0T, )= 0 (4)

It should be noted that the thermal conductivitytled GDL was assumed to be isotropic, i.e.
same value in both in- and through-plane directidecause of Rspuer(h), the temperature
profile becomes discontinuous. At the GDL/graphitel interface, a Neumann boundary
condition was applied,

— Ter — T,
-n [ﬂ_ KGRDTGR) = RCGR G(DII:])
,GDL/GR (5)
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where N is the surface normal vector.

At the boundary between the upper graphite rod emaling block, a constant temperature
boundary condition was applied, using the tempegatmeasured by the temperature probe, ‘E’
(see Fig. 3). At the graphite rod/PVC tube intezfagraphite rod/air interface and GDL/air

interface, Neumann boundary conditions were apgledhe thermal flux. The thermal contact

resistances at the rod/PVC tube interface and theadfer coefficient at the graphite rod/air and
the GDL/air interfaces were based on estimatiohgyTwere varied within reasonable limits and
ascertained not to affect the temperature distohuwignificantly. The thermal contact resistance
between the PVC and insulator was not includechinrhodel due to negligible effect on the

temperature distribution inside the graphite rods.

At the boundary between heating element and grypbd, a boundary condition for the heat flux
from the heating element,Q was applied,

~ - K OTer) = Qe (6)

The value of Qe was set so that the temperature profile in a sépanodel in which one long
graphite rod was used matched the experimentaltsedine same value of @ was applied to
the model with two graphite rods and GDL, basedhenassumption that heat loss in the radial
direction was the same in both cases.

3 Results and Discussion

3.1 Stress-strain behavior of the GDL

The thickness of uncompressed GDL, which was 380rgported by the manufacturer, was
determined to be 370 + 10 um in a separate measutenith a low compression pressure. This
thickness was set as a base point and the strags-stirve was calculated from the measured
thickness-pressure pairs. Fig. 4 shows the sttegisrscurves of a GDL, calculated from
measurement results with 1 to 4 GDLs. The resuoitsh fthe two separate measurements using
low (up to 0.1 MPa) and high compression presdiiktp 5.5 MPa) were ascertained to coincide
well. The area of the GDL sample was found notffeca the stress-stain curve as long as the
compression pressure was the same.

The most noticeable variations in GDL strain werenfd with the low compression pressure (~
0.2 MPa), as reported in literature, see, e.9.2[285,38]. This is most probably due to the
smoothening of the rough surface of the GDL. Atompression pressure above 1 MPa, two
piecewise linear regions were identified in thegeafrom 1 to 3.5 MPa, and from 3.5 to 5.5 MPa
as also seen in ref. [27]. This was probably bezafithe nature of the GDL. Typical paper type
GDLs have two different pore diameter regions, rigmieydrophobic pores and hydrophilic
pores, see e.g. [23,55-57]. The first linear regiwy be associated to the crushing of hydrophilic
pores, and the second to the crushing of hydroghudies.

Although the curves obtained with different numbefr GDLs indicated almost identical
compressive behavior, the strain of each GDL deedt@as more GDLs were stacked. This was
most probably due to the fact that stress-straimawier of the interface of two rough GDL
surfaces is different from that of the GDL/graphitderface or bulk GDL. However, the
properties of the bulk GDL or interface between @BL and graphite do not depend on the
number of the stacked GDLs. For the purposes dfiating the thermal properties, when more
than one GDLs were used each GDL was assumeddwftiie same stress-strain curve.
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Fig. 4 Stress-strain curve of the GDL measured witldifferent number of GDLs

3.2 Thermal conductivity of GDL

The measured temperature drops between the p@htand ‘C’, ATz, as a function of the
number of GDLs are shown in Fig. 5. Fig. 5 incluthesATg.c when GDL(s) were compressed to
various thicknesses, from 328 to 129 um. When hdnigompression pressure was applied and
GDL thickness decreased, a lowerg.c was observed. This was because both thermal imdk a
contact resistances of the GDL decreased with cessjon pressure.

The ATgc increased linearly with the number of GDLs. Sirtbermal contact resistances
between GDLs, Rspuepi(h), were eliminated by sputtering, the slopeshefATs ¢ as a function

of the number of GDLs reflected the thermal bulkisg&ance of the GDL as described in Section
2.2.2.

I I I I
50 [ compressed GDL thickness (um)
[ ® 328
W 305
[ A 259
0§ o
N * 167
o B M 129
2 30f
9 L
m
e L
<20
10
0 R
1 2 3 4 5
number of GDL

Fig. 5 Temperature drops between the points ‘B’ andC’ as a function of number of stacked GDL

The heat fluxes through the graphitessQwere determined to be 3.33 and 4.45 kWWahheating
powers of 4.05 and 5.24 W, respectively. The resguthermal conductivity of the GDlkgp.(h),

as a function compressed GDL thickness is showFign6. The error bars shown in the Fig. 6
were estimated considering the following error sear 1) errors of the measured temperature
inside the graphite rods, i.e. the gradient of g c in Fig. 5, 2) heat leakage in the radial
direction from the system, i.e. change in heat flagsing through the graphite rods and the GDLs,
3) variation in thickness of initial and compres$&idL, and 4) fluctuation in set temperature at
the end of upper graphite rod. This analysis waslaoted with the method adopted in a previous
study [49]. The margins of error shown in the figuepresent the 90% confidence interval.

12



An important finding is that thegp (h) does not depend on compression and was detsinin

be 1.18 £ 0.11 W thK™. It was expected that higher compression pressatdd reducecgp, (h)

as observed for electric conductivity [48], sineebon fibers in the GDL have better contact to

each other under compression, and the volume afypoonducting air in the pores is reduced.

However, this was not the case and the interrelatietween compression and heat transport
through the GDL was found to be different from thatween compression and electric transport.

Theksp(h) obtained here is approximately four times higihen the reported value (0.3 W'm
K™ at approximately 2 MPa) [23,49,50]. This differeris probably due to the fact that in the
previous study, the contribution of, Bcp(h) was simply neglected in calculation ifp (h)
[49] or Rycpu(h) was not properly derived from the measured wratpre gap [23]. If the
Re:couepl(h) is not eliminated by e.g. the process implemenin this study, the resulting
Ry eoL(h) will contain also the contact resistances, thnd underestimate thgp,(h).

[TTT T I T [TI T T T [P Ir T[T AP T[T T [ TT T T [TITIT[ 1T

SRR IR K

—_ =
[N TR SN

mal conductivity (W/mK)
()

thermal
© o o o 9
(=] [N} AN (@)Y [e2e}

RN AN F NN AN N i

120 150 180 210 240 270 300 330
compressed GDL thickness (Lm)

Fig. 6 Thermal conductivity of GDL as a function ofcompressed GDL thickness

3.3 Thermal contact resistance between GDL and graphite

The area-specific thermal contact resistance betwlee GDL and graphite rod,.Boucr(h), is
shown in Fig. 7. The Rpusrh) decreased nonlinearly as the GDL was compreddiggher
compression increased the actual contact area attdrface between the GDL and graphite, thus
decreasing contact resistance. Error estimates uwletagned by repeating the simulation with
varying the modeling parameters; 1) the thermak loesistance of GDL, 2) the heat fluxes, and
3) the measured temperatures.

The R epucr(h) at an approximate compression pressure of B2 fdompressed GDL thickness
of ca. 233 pm), 0.65 + 0.18 x 10n* K W™, is smaller than the value reported in the litmet
[49], 1.5 x 10" m* K W. A possible reason for this is that the matenaténtact with the GDL
is different. Khandelwal and Mench used aluminumnize [49], while graphite was used in this
study.
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The temperature profiles of the system with varicosipressed GDL thicknesses obtained from
the simulations are plotted in Fig. 8(a), whichludes also the measured temperatures at points
‘A’, ‘B’, ‘C’ and ‘D’ in the graphite rods (see Fig3). To clarify the contribution from
R:eouer(h) and R gpi(h) to temperature drop, the temperature profilth@vicinity of the GDL
interfaces is enlarged in Fig. 8(b). It has bedarogpeculated that the interface is a larger gourc
of thermal resistance than the bulk GDL. Howeuee, B, o (h) accounts for more than 30% of
the total thermal resistance of the GDL at low cmspion and for more than 50% of the total
thermal resistance when the GDL was compressedstthan 70% of initial thickness (below
259 um).

GDL

Graphite v Graphite Graphite GDL Graphite
315 4 T T T T I T T T T I T T : 3 T I T T ] T T T T I T T T T I T T T T ] T T T T I T T

r compressed GDL thickness (um) 1 310 -_— —————— . compressed GDL thickness (um) _-
---305 . - | - --305 ]
-emee259 - - ; 4
w214 - L | 4
— - - - -
o) —129 M 305 [ =
) ® measured temperature o ]
= = -
E 1 2 1

s ] =
= i = 4
2, 1 2300 .
5 ] B ]
C ] 295 .

D ]

@ ¢— 50 mm—>] b)

Fig. 8 Modeled temperature profile and measured teperature (a) region around temperature
measured point, and (b) enlarged in the vicinity ofsDL

4 Modeled temperature drop in a fuel cell
Temperature profile inside a fuel cell was caledatising a simple one dimensional model. This
model is a modified version of the one by Khandébtal. [49].
The governing equation of heat transfer is expokggth the thermal conductivity of component
i, ki, and temperature, T, as
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OfkOT)=8,

(7)
where §, is the heat source, written as
2
Se = J_ + L(E +/7J
g h \ZF (8)

where j denotes the current density,the electric conductivity of component g hthe thickness

of catalyst layerAS the change in entropy, z the number of electpantcipating in the reaction,

F the faraday constani,the overpotential including activation, concerntmatand ohmic losses.

In the electrolyte membrane and GDl,i&cludes only the Joule heating, the first ternright
member in Eq. (8). In the catalyst layer, the sdcamd third terms are also included, representing
entropic heat of reaction and irreversible healeftrochemical reaction, respectively.

The thickness of GDL was changed from 129 to 328 iprthe model, where thegp. was
constant and assumed to be isotopic. The bounadwekn the GDL and graphite was converted
to a pseudo-thin layer having thickness of 10 pime Thermal conductivity of this layer was
calculated from the Rpuce(h). The electric contact resistance between GDd graphite
evaluated in authors’ previous study [48] was a@soverted to the electric conductivity of this
thin layer. However, heat production from the eiectontact resistance was ascertained to be
small enough not to affect the temperature profibstead of the thermal contact resistance
between the GDL and CL and thermal bulk resistaridéL, the effective thermal resistance of
the CL evaluated by Khandelwal et al. [49] was uJeanperature was set constant at outer ends
of graphite bipolar plates. Symmetry boundary ctiols were applied to all boundaries except
those associated with heat generation. All the inpal@meters are listed in Table 1.

Table 1 Cell design parameters and material properes

Parameter Value

GDL thickness 129-328 um

CL thickness 25 um

Membrane thickness 50 um
Graphite plate thickness 1 mm

Effective thermal conductivity of CL 0.27 Whi™* [49]
Effective electric conductivity of CL 320 Shi4s]
Electric conductivity of GDL 2203-535 S/m [48]
Thermal conductivity of GDL 1.18 WK™
lonic conductivity of membrane and CL 5.09 S [B8]
Thermal conductivity of membrane 0.12 W™ [49]
Thermal conductivity of graphite bipolar plate ®em™* K

Thermal contact resistance between GDL and graphite 3.2 x 10-2.35 x 10 m* K W*

Temperature at outer edge of graphite bipolar plate 80°C
Current density 1.0 A cn#®
Anode overpotential 0.01V
Cathode overpotential -0.75V

Entropy change of anode reactibn

Entropy change of cathode reaction

0.104 J mot K*
-326.36 I mot K*?



The resulting temperature profile across the aethgonents was identical to the one shown in
[49]. The temperature drop from the highest tempegapoint, i.e. the interface between the
membrane and cathode CL to the lowest temperamirg, p.e. the outer edge of the graphite
plate as a function of compressed GDL thicknesshiswn in Fig. 9. The temperature drop
decreased as the GDL was compressed due to deaédsath thermal bulk and contact

resistances. Although the values of temperatur@ @mredicted here were smaller than those
reported in the literature, see, e.g. [16,49], tlenge in temperature drop because of
compression should be worth considering in theréutu

One missing parameter in this model is the electittact resistance between the GDL and CL.
This contact resistance is comparable to the membrasistance [59] and can be one of the
major heat sources. A detailed modeling study ctamsig the compression effect and taking into
account all these important parameters is underbydiie author.

50F
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Fig. 9 Calculated temperature drop inside the celhs a function of compressed GDL thickness

5 Summary and conclusions

The purpose of this study was to evaluate the nmécalaand thermal properties of the GDL
experimentally as a function of compression. Thiesststrain curve of the GDL revealed one
nonlinear and two linear regions as the compregsieasure was increased up to 5.5 MPa. This
was probably because of the nature of the GDLaismugh surface and void volume consisting
of pores with two different pore diameter rangdse Thermal conductivity of GDL was found not
to depend on compression pressure. The obtained wélthe thermal conductivity of GDL, 1.18
+0.11 W m* K™, was approximately four times larger than thogered in the literature.

The thermal contact resistance between GDL anchgeadecreased nonlinearly with increasing
compression pressure. This may be attributed tinttrease in actual contact area at the interface
as compression pressure was increased. The thbuthalesistance of the GDL was comparable
to the thermal contact resistance between the GBdl graphite, suggesting both bulk and
interface of the GDL should be considered propirijodeling studies.

A simple one-dimensional model of a fuel cell enypig the evaluated thermal parameters
showed that the temperature drop inside the fuetleereased as the GDL was compressed more.
The predicted temperature drop across the GDL andabged from 1.7 to 4.4 °C for the
compressed GDL thickness from 129 to 328 um coordipgly. Uneven temperature
distribution may cause local overheating and leda the degradation of the cell components and

16



thus, fuel cell has to be carefully designed toimipe the harmful effects of inhomogeneous
compression.
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