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1 Introduction

The proton exchange membrane (PEM) fuel cell is under active development because of its
relatively low operation temperature, size flexibility, quick start-up, system robustness and
pollution free operation. Because of its low operating temperature, typically less than 100 °C, the
product water often remains in liquid form within the cell. The condensed water may flood the
cell which significantly hinders mass transport [1-7]. Therefore, flooding must be properly
prevented by e.g. the hydrophobic treatment of components [8]. On the other hand, deficiency of
water decreases the proton conductivity of the membrane and thus humidification of reactants is
typically needed. Water management has a considerable effect on fuel cell performance and the
process is highly sensitive to operational and material parameters [9-13]. Water transport inside
the fuel cell has a close link to temperature distribution since water and oxygen diffusivity,
saturation parameters, and reaction kinetics are all temperature dependent, see, e.g. [14].
Therefore, extensive modeling studies have been devoted to obtaining an accurate picture of the
combined thermal and water transport phenomena, see e.g. [15-17]. Furthermore, accurate
prediction of the temperature distribution is of vital importance for achieving better and stable
performance of the fuel cell. This is because the temperature distribution caused by inadequate
thermal and water management may lead into formation of local hotspots in the cell, which may
degrade the cell components and drop the life-time of the cell [18,19].

One of the most common shortcomings of previous studies is disregarding the effect of
compression on the physical properties of the cell components. When the fuel cell is assembled, a
certain compression pressure must be exerted to achieve adequate contact between the
components and to ensure proper gas sealing. This assembling pressure has a significant effect on
fuel cell performance [20-23], mainly because of changes in the morphological and physical
properties of gas diffusion layers (GDL) and catalyst layers (CL). The GDL and CL in general
have highly porous structure because of the requirements set by their functions [24], and the pores
of GDL are crushed to some extent when compression pressure is applied. Generally speaking,
increasing compression improves the electric conductivity of GDL [25,26] and decreases the
contact resistance at the interfaces [27-30]. Furthermore, the preferential pathway for liquid water
transport may be created in the compressed part of the GDL [31-33]. While a certain compression
pressure is necessary, excessive compression impedes reactant transport by decreasing GDL
porosity [34,35] and may also damage typical paper type GDLs and other components [31,36-38].
Thus, an optimum compression pressure and compressed thickness, which trades off these
competing issues, has to be identified for each system.

Of particular importance is the fact that the compression pressure over the GDL is
inhomogeneous because of the rib/channel structure of the neighboring bipolar plate. In an actual
fuel cell assembly, the compression force is exerted practically only on the GDL under the rib of
the bipolar plate but not under the channel. As a consequence, thickness of the GDL varies, i.e.
the GDL under the rib is deformed and becomes thinner and the GDL under the channel partially
intrudes into the channel as seen in Fig. 1.

The thickness variation of the GDL may be a decisive factor for transport phenomena and
consequently cell performance. However, only a few modeling studies were found where the
thickness variation of the GDL was considered, see e.g. [39-43]. Although those studies provide
insight into transport phenomena in the cell, they still leave room for discussion. This is because
many parameter values that were used, such as contact resistance or conductivity, are subject to
high uncertainty.

Using proper material parameters in models is highly important for studying the local phenomena,
which can not be easily interpreted by the polarization curves only. It is often the case that
modeled polarization curves obtained from two models which use different assumptions and
modeling parameters are quite identical and fit well to the same set of experimental data [44-46].
This is also the case in the authors’ previous study, where the polarization curves using
previously adopted assumptions agreed fairly well with results from a model which considered
the inhomogeneous compression [47]. However, the current density distribution inside the cell
was significantly altered when inhomogeneous compression was taken into account, in which the
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properties of the GDL were varied according to the thickness. This finding highlights the
importance of detailed knowledge of the cell component properties in realistic operating
conditions.

So far, information on experimentally evaluated modeling parameters has been limited and
further investigation of physical properties of GDLs is essential, especially paying attention to the
effect of compression. It should be noted that the effect of compression on the physical properties
of the GDL have commonly been investigated as a function of compression pressure. However,
correlating this data to conditions inside a fuel cell assembly is not straightforward since the
compression pressure exerted onto the GDL depends on the thickness of neighboring gaskets and
is different from the cell assembling pressure. In fact, the thickness of the GDL compressed to
gasket thickness under the rib as well as its uncompressed thickness under the channel are the
only parameters one can set in a realistic fuel cell construction, and they determine the GDL’s
characteristics. Therefore, the compression effect should be discussed in the light of compressed
GDL thickness, not compression pressure. This is also convenient for model construction, since
one just needs to change the parameters according to the model geometry when the effect of
compression is considered. Therefore, the physical properties of GDL were evaluated as a
function of its thickness, and the significant effects of compression have been outlined in ref. [48].

The properties which were not characterized in the authors’ previous study are thermal
conductivity and thermal contact resistance. To the authors’ knowledge, only few experimental
assessments of the thermal properties of cell components in sufficient detail have been carried out,
e.g. by Khandelwal and Mench [49], and Vie and Kjelstrup [50]. Since it was thought that the
thermal properties depended on the compression pressure, further study of compression effect on
them was warranted. The purpose of this study, therefore, is to provide comprehensive details on
the thermal properties of GDL as a function of its compressed thickness. The results will then be
used in a modeling study to achieve deeper understanding of transport phenomena.

GDL intruded into channel

- r; /
GDL compressed under rib

L=

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

2 Experimental

2.1 Stress-strain behavior of GDL

The stress-strain behavior of the GDL (SGL SIGRACET® 10 BA) was measured with the
experimental setup illustrated in Fig. 2. It consists of a base foundation, base plate and support
plate fixed to each other with bolts and guiding rods. The dial indicator was installed into an
opening in the base plate and base foundation. The GDL sample placed on the base plate was
compressed by a steel rod and the weight loaded onto it. The support plate kept the steel rod
perpendicular to the GDL sample to ensure even compression onto it. A hole was cut into the
center of the circular GDL sample so that the tip of the plunger of the dial indicator had direct
contact to the bottom of the steel rod. A clear advantage of this design was the capability to
directly measure the deflection of the GDL under compression.
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Measurements were conducted using 1 to 4 stacked GDLs. The area of sample GDLs was varied
by changing both inner and outer diameter, ranging from 7 to 15 and 12 to 27 mm, respectively,
for quantitative analysis. Various compression forces were exerted onto the GDL by increasing
the loading weight at 0.5 kg steps up to 82 kg. Although Mathias et al. [24] determined a
maximum load of 2.75 MPa for the GDL (Toray TGP-H060), compression pressure up to
approximately 5.5 MPa was applied in this study.

It was found that the more GDLs stacked the longer the interval required to achieve the steady
state conditions after the weights were loaded. Therefore, the load was increased at 5 to 20 minute
intervals, depending on the number of GDL samples under test. Measurements were repeated five
times for each sample area and number of stacked GDLs.

The initial deflection of the GDL was found to be fairly susceptible to low compression pressures,
probably because of the rough surface of the GDL. Therefore, an additional measurement
applying low compression pressures was conducted using a smaller steel rod and lighter weights
up to approximately 5 kg (~ 0.1 MPa).

Dial indicater

Fig. 2 Schematic of experimental setup for measuring the 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 measuring the thermal properties of the GDL. Heat flux
from the heating element (Watlow Metric FIREROD® Cartridge) embedded in the lower graphite
rod transferred from the lower rod to the upper rod through the GDL(s) between them. The
graphite rods were constructed so that the end facing to the GDL had a smaller diameter of 20
mm. This shape was found to curb heat transfer through air between the two graphite rods and
maximized the heat transfer through the GDL according to an unpublished modeling study by the
author.

The graphite rods and GDL samples were thermally insulated from the surroundings by a PVC
tube and polystyrene insulator. The temperature of the upper end of the upper graphite rod was
maintained at approximately 16 C° by a cooling block (Thermaltake CL-W 0087) through which
coolant fluid flowed. A thermostat (Lauda RE 310 chiller with a Lauda E 300 controlled head)
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was used to control the coolant temperature and flow. This system allowed constraining the heat
dissipation in radial direction and thus, a nearly one-dimensional heat transfer in longitudinal
direction was achieved.

GDL samples having an area of 144 mm® were placed onto the lower graphite rod. The fixture
accommodated 1 to 5 stacked GDL pieces. Measurements were conducted with various
compression pressures by changing the weight loaded ranging from 4.7 to 77.8 kg. Corresponding
compressed GDLs thicknesses were calculated using the measured stress-strain curve (see Fig. 4).

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

In order to accurately determine the heat flux transferred through the graphite rods, Qgg, a
separate measurement was conducted. The experimental system of this measurement is
fundamentally similar to the one shown in Fig. 3, with the exception that the two graphite rods
and the GDLs in Fig. 3 were replaced by one long graphite rod, into which temperature probes
were embedded. The Qgr was calculated from Fourier’s law using the known thermal
conductivity of graphite, 128 W m™ K™, and the temperature drop measured with the temperature
probes. For quantitative analysis, two different heating powers were applied, 4.05 and 5.24 W.

=0 coolant fluid

| Cooling block e —

Graphite rod (13 cm) I—)

i Thermal insulator
-
PVC tube | —l Temperature probe |

Heating element

|

Fig. 3 Schematic of thermal properties measurement system

As discussed previously, changing the compression pressure leads into changes in both electric
contact resistance and electric bulk resistance of GDL [48]. This correlation between compression
and resistances was expected to hold true also for thermal resistances because of the analogy of
electric and heat transfer. Therefore, the authors applied the experimental technique of the
previous study to derive the thermal bulk conductivity and thermal contact resistance separately.
A brief description of this experiment process is given 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 ‘B’ and ‘C’ (Fig. 3), ATg.c, is a function of the
number of GDLs, n, and the compressed GDL thickness, h, and is expressed as

A-I-B—C (h’ n) = (2 RC,GDL/GR(h) + (n - 1) mC,GDL/GDL(h) +n mD,GDL (h)) |:GQGDL + 2Rb,GR []gGR (1)

where R.gpricr(h) denotes the thermal contact resistance between the GDL and graphite rod,
Recpucpr(h) the thermal contact resistance between two GDLs, Rygpr(h) the thermal bulk
resistance of GDL, R, gr the thermal bulk resistance of the graphite rod. The heat flux through the
GDL, Qgpr, was calculated from GDL sample area and Qgr based on the assumption that heat
transfer from graphite and GDL to the air gap was negligibly small.

To eliminate the thermal contact resistance between the GDLs, conductive silver particles were
sputtered onto the GDL surfaces. The sputtering process was referred to that in published
literature [51,52]. This method has been shown to reduce the contact resistance without affecting
the bulk conductivity significantly [53,54]. All GDL surfaces that came into contact with other
GDLs were silver coated, but GDL surfaces facing the graphite rods were left untreated to
evaluate R, gpr/igr(h). This procedure allowed eliminating R. gpr/6p(h) and reducing Eq. (1) into

ATy (0.1 = (2R o 6a (M) + N R, oo () Ry +2R, 5 Qi o

Thus, plotting ATg ¢ as a function of the number of GDLs, the slope of the graph, S, gives the
value Of Rb,GDL(h)'QGDL-

The thermal bulk conductivity of the GDL, kgpi(h), can be expressed with Ry gpr(h) and the
compressed GDL thickness h as:

h h
hy=z=———mM =—
oo () Reo () S Qeot 3)

For the calculation of the kgpL(h), the evaluated h (see Fig. 4) were used based on the assumption
that the values of h depend on the compression pressure but not on the number of stacked GDLs.

2.2.3 Thermal contact resistance between GDL and graphite

For determining the thermal contact resistance between the GDL and graphite rod, R, gpr/cr(h), a
3D model corresponding to the experimental apparatus (Fig. 3) was constructed using a
commercial finite element method solver software (COMSOL Multiphysics 3.2a). This procedure
was adopted because it was believed to be difficult to separate the contact resistance from the
total resistance experimentally.

The temperature distribution in the system was solved using the measured values for thermal
conductivities and calculated heat flux and varying the GDL thickness from 129 to 328 um
corresponding to the experimental work. The unknown parameter, R, gpr/gr(h), was varied until
the resulting temperature profile corresponded to the measured values.

The temperature profiles in the graphite rod, Tggr, and the GDL, Tgp, were modeled using the

governing equation for heat flux which follows from the Fourier’s law:
2T — — —

0T =0 [ﬂ_ KGRDTGR) =0 [ﬂ_ KGDLDTGDL) =0 4)

It should be noted that the thermal conductivity of the GDL was assumed to be isotropic, i.e.

same value in both in- and through-plane directions. Because of R.gprgr(h), the temperature

profile becomes discontinuous. At the GDL/graphite rod interface, a Neumann boundary
condition was applied,

= T — T,
-n [ﬂ_ KGRDTGR) = RCGR G(DII:])
,GDL/GR (5)
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where 1 is the surface normal vector.

At the boundary between the upper graphite rod and cooling block, a constant temperature
boundary condition was applied, using the temperatures measured by the temperature probe, ‘E’
(see Fig. 3). At the graphite rod/PVC tube interface, graphite rod/air interface and GDL/air
interface, Neumann boundary conditions were applied for the thermal flux. The thermal contact
resistances at the rod/PVC tube interface and heat transfer coefficient at the graphite rod/air and
the GDL/air interfaces were based on estimations. They were varied within reasonable limits and
ascertained not to affect the temperature distribution significantly. The thermal contact resistance
between the PVC and insulator was not included in the model due to negligible effect on the
temperature distribution inside the graphite rods.

At the boundary between heating element and graphite rod, a boundary condition for the heat flux
from the heating element, Qyug, was applied,

—-n [G_ KGRDTGR) =Que (6)

The value of Que was set so that the temperature profile in a separate model in which one long
graphite rod was used matched the experimental results. The same value of Qug was applied to
the model with two graphite rods and GDL, based on the assumption 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 380 um reported by the manufacturer, was
determined to be 370 £ 10 um in a separate measurement with a low compression pressure. This
thickness was set as a base point and the stress-strain curve was calculated from the measured
thickness-pressure pairs. Fig. 4 shows the stress-strain curves of a GDL, calculated from
measurement results with 1 to 4 GDLs. The results from the two separate measurements using
low (up to 0.1 MPa) and high compression pressure (0.1 to 5.5 MPa) were ascertained to coincide
well. The area of the GDL sample was found not to affect the stress-stain curve as long as the
compression pressure was the same.

The most noticeable variations in GDL strain were found with the low compression pressure (~
0.2 MPa), as reported in literature, see, e.g. [24,27,35,38]. This is most probably due to the
smoothening of the rough surface of the GDL. At a compression pressure above 1 MPa, two
piecewise linear regions were identified in the range from 1 to 3.5 MPa, and from 3.5 to 5.5 MPa
as also seen in ref. [27]. This was probably because of the nature of the GDL. Typical paper type
GDLs have two different pore diameter regions, namely, hydrophobic pores and hydrophilic
pores, see e.g. [23,55-57]. The first linear region may be associated to the crushing of hydrophilic
pores, and the second to the crushing of hydrophobic pores.

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

3.2 Thermal conductivity of GDL

The measured temperature drops between the points ‘B’ and ‘C’, AT, as a function of the
number of GDLs are shown in Fig. 5. Fig. 5 includes the ATp.c when GDL(s) were compressed to
various thicknesses, from 328 to 129 um. When a higher compression pressure was applied and
GDL thickness decreased, a lower AT was observed. This was because both thermal bulk and
contact resistances of the GDL decreased with compression pressure.

The ATgpc increased linearly with the number of GDLs. Since thermal contact resistances
between GDLs, R, gp/gpL(h), were eliminated by sputtering, the slopes of the ATg ¢ as a function
of the number of GDLs reflected the thermal bulk resistance of the GDL as described in Section
2.2.2.

I I I
a0 [ comprassed GOL thicknass (um)
[ » 328
W 305
o A 259
40 ¥ 24
+ 157
o M 129
230
=
<120

Ll = T A

3
nuniber of GDL

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

The heat fluxes through the graphite, Qgg, were determined to be 3.33 and 4.45 kW m™ at heating
powers of 4.05 and 5.24 W, respectively. The resulting thermal conductivity of the GDL, kgp.(h),
as a function compressed GDL thickness is shown in Fig. 6. The error bars shown in the Fig. 6
were estimated considering the following error sources; 1) errors of the measured temperature
inside the graphite rods, i.e. the gradient of the ATg ¢ in Fig. 5, 2) heat leakage in the radial
direction from the system, i.e. change in heat flux passing through the graphite rods and the GDLs,
3) variation in thickness of initial and compressed GDL, and 4) fluctuation in set temperature at
the end of upper graphite rod. This analysis was conducted with the method adopted in a previous
study [49]. The margins of error shown in the figure represent the 90% confidence interval.
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An important finding is that the kgpL(h) does not depend on compression and was determined to
be 1.18 £0.11 W m™ K. It was expected that higher compression pressure would reduce kgpy (h)
as observed for electric conductivity [48], since carbon fibers in the GDL have better contact to
each other under compression, and the volume of poorly conducting air in the pores is reduced.
However, this was not the case and the interrelation between compression and heat transport
through the GDL was found to be different from that between compression and electric transport.

The kgpi(h) obtained here is approximately four times higher than the reported value (0.3 W m™
K" at approximately 2 MPa) [23,49,50]. This difference is probably due to the fact that in the
previous study, the contribution of R.gpr/gpL(h) was simply neglected in calculation of xgpp(h)
[49] or RygpL(h) was not properly derived from the measured temperature gap [23]. If the
Reopucpr(h) is not eliminated by e.g. the process implemented in this study, the resulting
Ry gpr(h) will contain also the contact resistances, and thus underestimate the kgpp(h).

14F
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120 150 180 210 240 270 300 330
compressed GDL thickness (L)

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

3.3 Thermal contact resistance between GDL and graphite

The area-specific thermal contact resistance between the GDL and graphite rod, R, gpLgr(h), is
shown in Fig. 7. The R.gpucr(h) decreased nonlinearly as the GDL was compressed. Higher
compression increased the actual contact area at the interface between the GDL and graphite, thus
decreasing contact resistance. Error estimates were obtained by repeating the simulation with
varying the modeling parameters; 1) the thermal bulk resistance of GDL, 2) the heat fluxes, and
3) the measured temperatures.

The R, gpLicr(h) at an approximate compression pressure of 2.2 MPa (compressed GDL thickness
of ca. 233 pm), 0.65 + 0.18 x 10" m* K W, is smaller than the value reported in the literature
[49], 1.5 x 10" m* KW' A possible reason for this is that the material in contact with the GDL
is different. Khandelwal and Mench used aluminum bronze [49], while graphite was used in this
study.
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The temperature profiles of the system with various compressed GDL thicknesses obtained from
the simulations are plotted in Fig. 8(a), which includes also the measured temperatures at points
‘A’, ‘B’, ‘C’ and ‘D’ in the graphite rods (see Fig. 3). To clarify the contribution from
Reopucr(h) and Ry gpr(h) to temperature drop, the temperature profile in the vicinity of the GDL
interfaces is enlarged in Fig. 8(b). It has been often speculated that the interface is a larger source
of thermal resistance than the bulk GDL. However, the Ry, gp.(h) accounts for more than 30% of
the total thermal resistance of the GDL at low compression and for more than 50% of the total
thermal resistance when the GDL was compressed to less than 70% of initial thickness (below
259 um).

GDL

Graphite Graphite Graphite GDL Graphite
3]5 * T T T T I T T T I T T T T I T : i T LI T l T T T T I T T T L} I LI ) T T I T T i
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N ——e. —--305 3 -
310 =e=1a259 = L
i X -= 214 - -
ios [ [ e | 67 - -
:\;ﬁ [~ _— X —_—120 % 305 |
P 305 *, ® measured temperature 1 o [
E |* i g [
= F 5
5 B = T T p—"
%300 E i ; 300
D [ | 5:3 [
295 B
295
200 i

(b)

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

4 Modeled temperature drop in a fuel cell

Temperature profile inside a fuel cell was calculated using a simple one dimensional model. This
model is a modified version of the one by Khandelwal et al. [49].

The governing equation of heat transfer is expressed with the thermal conductivity of component
1, k3, and temperature, T, as
14



OfkOT)=8,

(7)
where S., is the heat source, written as
. 2 -
Se = J_ + L (E +/7J

where j denotes the current density, o; the electric conductivity of component i, h¢y, the thickness
of catalyst layer, AS the change in entropy, z the number of electrons participating in the reaction,
F the faraday constant, 1 the overpotential including activation, concentration and ohmic losses.
In the electrolyte membrane and GDL, S. includes only the Joule heating, the first term of right
member in Eq. (8). In the catalyst layer, the second and third terms are also included, representing
entropic heat of reaction and irreversible heat of electrochemical reaction, respectively.

The thickness of GDL was changed from 129 to 328 um in the model, where the kgp; was
constant and assumed to be isotopic. The boundary between the GDL and graphite was converted
to a pseudo-thin layer having thickness of 10 um. The thermal conductivity of this layer was
calculated from the R.gpugr(h). The electric contact resistance between GDL and graphite
evaluated in authors’ previous study [48] was also converted to the electric conductivity of this
thin layer. However, heat production from the electric contact resistance was ascertained to be
small enough not to affect the temperature profile. Instead of the thermal contact resistance
between the GDL and CL and thermal bulk resistance of CL, the effective thermal resistance of
the CL evaluated by Khandelwal et al. [49] was used. Temperature was set constant at outer ends
of graphite bipolar plates. Symmetry boundary conditions were applied to all boundaries except
those associated with heat generation. All the model parameters are listed in Table 1.

Table 1 Cell design parameters and material properties

Parameter Value

GDL thickness 129-328 um

CL thickness 25 ym

Membrane thickness 50 um

Graphite plate thickness 1 mm

Effective thermal conductivity of CL 0.27 W m™ K" [49]
Effective electric conductivity of CL 320 S m™' [48]
Electric conductivity of GDL 2203-535 S/m [48]
Thermal conductivity of GDL 1.I8Wm' K
Ionic conductivity of membrane and CL 5.09S m” [58]
Thermal conductivity of membrane 0.12 W m™ K" [49]
Thermal conductivity of graphite bipolar plate 128Wm' K"
Thermal contact resistance between GDL and graphite 32%x10°235x 10" m* K W'
Temperature at outer edge of graphite bipolar plates 80 °C

Current density 1.0 A cm™

Anode overpotential 0.01V

Cathode overpotential -0.75V

Entropy change of anode reaction ™ 0.104 J mol” K
Entropy change of cathode reaction' -326.36 I mol" K!
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The resulting temperature profile across the cell components was identical to the one shown in
[49]. The temperature drop from the highest temperature point, i.e. the interface between the
membrane and cathode CL to the lowest temperature point, i.e. the outer edge of the graphite
plate as a function of compressed GDL thickness is shown in Fig. 9. The temperature drop
decreased as the GDL was compressed due to decrease of both thermal bulk and contact
resistances. Although the values of temperature drop predicted here were smaller than those
reported in the literature, see, e.g. [16,49], the change in temperature drop because of
compression should be worth considering in the future.

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

Lemnperature drop (K)
L)

1.0_|'||||||||||||||||||||||||||||||||||||||||||||l_

120 150 180 210 240 270 300 330
compressed GI1. thickness (lum)

Fig. 9 Calculated temperature drop inside the cell as a function of compressed GDL thickness

5 Summary and conclusions

The purpose of this study was to evaluate the mechanical and thermal properties of the GDL
experimentally as a function of compression. The stress-strain curve of the GDL revealed one
nonlinear and two linear regions as the compression pressure was increased up to 5.5 MPa. This
was probably because of the nature of the GDL, i.e. a rough surface and void volume consisting
of pores with two different pore diameter ranges. The thermal conductivity of GDL was found not
to depend on compression pressure. The obtained value of the thermal conductivity of GDL, 1.18
+0.11 Wm™" K, was approximately four times larger than those reported in the literature.

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

A simple one-dimensional model of a fuel cell employing the evaluated thermal parameters
showed that the temperature drop inside the fuel cell decreased as the GDL was compressed more.
The predicted temperature drop across the GDL and CL ranged from 1.7 to 4.4 °C for the
compressed GDL thickness from 129 to 328 pum correspondingly. Uneven temperature
distribution may cause local overheating and lead into the degradation of the cell components and
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thus, fuel cell has to be carefully designed to minimize the harmful effects of inhomogeneous
compression.
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