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Abstract: This study is to understand the impact of operating condition, especially initial operation temperature (7;,;) which is set in
high temperature range, on the temperature profile of the interface between PEM (polymer electrolyte membrane) and catalyst layer
at the cathode (i.e., the reaction surface) in a single PEFC (polymer electrolyte fuel cell). A 1D multi-plate heat transfer model based
on the temperature data of separator measured using thermograph in a power generation experiment was developed to evaluate the
reaction surface temperature (7). This study investigated the effects of T;,;, flow rate and relative humidity of supply gas as well as
thickness of PEM on the temperature distribution on reaction surface. As a result, the impact of flow rate of supply gas on the
temperature distribution is not significant irrespective of relative humidity conditions as well as PEM type. When operated at high
temperature, the temperature distribution is relatively flat in the case of thicker PEM (Nafion 115), while Tye, rises from the inlet to
the outlet large and the temperature distribution is wide in the case of thin PEM (Nafion 211) irrespective of relative humidity
condition. Since the water transfer through PEM in the case of Nafion 211 is better than Nafion 115 due to thin PEM, the power
generation is promoted along the gas flow with the aid of humidification by water produced from electrochemical reaction.

Key words: PEFC, heat transfer model, temperature distribution, high temperature operation, thickness of PEM.

1. Introduction PEM (polymer electrolyte membrane) and catalyst
layer. Localized temperature rise would cause thermal
decomposition of PEM. The PEM could also be

broken by thermal stress caused by the uneven

PEFC (polymer electrolyte fuel cell) is an attractive
and clean power generation technology. However,

there are some barriers preventing the widespread use . ture distribution [2, 41, T e distributi
) . . emperature distribution [2, 4]. Temperature distribution
of PEFCs among industries and homes worldwide. p. P
. .. also influences the phase change of water. Water’s
Some of such barriers are the reduction in the power o
. . behavior influences the performance of the PEM, gas
generation performance and life span caused by the ) o
C . flows in GDL (gas diffusion layer) and catalyst layer.
uneven distributions of a mass concentration and H o d it
. . . ence, 1t 1s important to understand the temperature
temperature inside a single cell of PEFC. Localized o p Y ) p .
. . distribution in single cell of PEFC in order to improve
rise of temperature caused by local heat generation N i " d realize the 1
e s the power generation performance and realize the lon
and poor gas diffusion blocked by the condensed it pow gh' Wis th p fih P z &
t t t .
water were thought to be reasons for the uneven e span, WRICh 15 the atm o this Stucy

temperature distribution [1-3]. The current PEFC has Nafion membrane and is

The temperature distribution inside a single cell of
PEFC is crucial to the performance of PEFC. Uneven

temperature distribution would cause degradations of
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usually operated within the temperature range between
60 °C and 80 °C [5, 6]. It is desired that PEFC
operating temperature could be increased to 90 °C for
stationary applications during period from 2020 to
2025 in Japan (according to NEDO road map 2017
[7]). The PEFC operated at a higher operating
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temperature has following merits: (1) enhancement of
electrochemical kinetics for both electrode reactions;
(2) simplification in the cooling system due to
increase in temperature gradient between the PEFC
stack and coolant; (3) increase in tolerability of CO
and allowing the PEFC to use lower quality reformed
hydrogen [8]. To develop the PEFC system operated
under high temperature condition, heat and mass
transfer characteristics should be analyzed for power
generation performance and system durability. The
uneven temperature distribution would cause
degradations of PEM and catalyst layer terribly under
high temperature condition since it is easy to be dried.

Some researches reported that the characteristics of
PEFC under high temperature range up to 200 °C
[9-28].

characteristics of developed new material [9, 10, 13,

However, most of them focused on
14, 18, 23, 24, 27], the power generation performance
such as current density distribution, voltage change
[12, 15-17, 21, 22, 25, 26], and durability [11].
Although a few research reported the temperature
distribution in the single cell of PEFC operated at high
temperature [19, 20, 28], the temperature near the
interface between PEM and catalyst layer at cathode,
which is named as a reaction surface in the present
paper, was not investigated. Therefore, the heat and
of PEFC, which

generation performance,

mass transfer characteristics

dominates the power
operated at high temperature are not clarified yet.

In the study conducted by Nishimura, et al. [29], the
temperature distributions on separator’s back of single
cell of PEFC were measured by thermograph. Without
disturbing heat and mass transfer due to installation of
sensor, the temperature distribution under power
generation conditions was measured accurately. Based
on the measured data, the study tried to build an
empirical model to predict the temperature distribution
on reaction surface. According to a literature survey
by the study, there was no previous study on
estimating the temperature distribution on reaction
surface from measured temperature data at separator’s

back. If the heat transfer model to predict the
temperature distribution on reaction surface with the
measured separator back’s temperature would be
developed, the temperature distribution on reaction
surface could be easily estimated without difficult and
complex temperature measurement.

In previous studies conducted by Nishimura, et al.
[30-32], in order to estimate the temperature distribution
inside single cell of PEFC, a 1D multi-plate heat
transfer model using the temperature data of separator’s
back measured by thermograph under power generation
was developed. Since the single cell of PEFC consists
of some components having plate shapes such as PEM,
catalyst layer, GDL and separator, the previous studies
by Nishimura, et al. [30-32] proposed the heat transfer
model assuming the heat transfer through multi-plates
for these components of the cell. The reaction surface
temperature (7ear) Was calculated using the heat
transfer model. This is a new approach to identify the
heat transfer mechanism in single cell of PEFC by
means of the data measured by the thermograph and
the model developed. Comparing the results from this
model [30-32] with the other heat transfer models
[33-35], there were differences in terms of heat
transfer calculations. However, the temperature
gradients for the targeted regions under the similar
operation conditions were almost the same [30]. Thus,
it can be believed that, the heat transfer model
proposed in the present study is reasonable.

The aim of the present paper is to predict the
temperature distribution on the reaction surface using
the heat transfer model under high temperature
operation such as 90 °C condition, which is the target
temperature for a stationary PEFC system during the
duration from 2020 to 2025 according to NEDO road
map [7] in Japan. This study investigates the effects of
initial operation temperature (7iy), flow rate, relative
humidity of supply gas on temperature distribution on
reaction surface. In addition, two types of PEM were
evaluated to investigate the impact of its thickness on

temperature distribution on reaction surface.
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2. Calculation Procedures

2.1 1D Multi-plate Heat Transfer Model

Fig. 1 illustrates the multi-plate single cell PEFC
module used in this study. In the module, the separator’s
back is the opposite side of surface contacting GDL.
The separator’s back surface temperatures 7y, . and
Tsut, » Were measured using thermograph.

The heat transfer across the module is assumed to
be in 1D direction only. In the module, the cell is
divided into a gas channel and a rib part. In Fig. 1, the
upper and lower parts represent rib part and channel
part, respectively. For both parts, the heat transfer was
assumed to be in the through-plane direction.

The reaction heat generated on reaction surface is
transferred to the cathode and anode sides separately.
Although the gas flowing through the gas channel
from the inlet to the outlet of the cell carries away
some heat, the amount of heat taken is less than 1% of
the estimated reaction heat of approximately 20 W
[30]. Therefore, the heat carried away by the gas flow

was neglected in this model. Additionally, the mass

flow rate of gas flowing through the gas channel is
very small ranging from 10 to 10° kg/s, resulting
that the thermal conduction of gas in the gas channel

is assumed since the gas is thought to be static.
2.2 Heat Generation Rate by Reaction

The heat generation rate Hye, as a reaction product
is calculated as the follows:

Hieaet = Ei = We &)
where, E; is the ideal (total) energy generation rate by
the water formation from H, and O, based on higher
heating value. Wt is the electric work generated by
PEFC. E; and Wy are expressed as follows:

Ei = mm X quuv (2)

Weg=IxV 3)

where, [ is the load current obtained by the experiment.
When using PEM of Nafion 115 and Nafion 211
which were investigated in this study, / was 20 A (=
0.80 A-cm™) and 18 A (= 0.72 A-cm™), respectively. ¥V
is the voltage obtained by the experiment. my, is the
molar flow rate of supplied H,, which is equal to the

ideal reaction consumption rate of H, required for the
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Fig. 1 1D multi-plate heat transfer module.
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generation at 20 A, i.e., the stoichiometric ratio (s.r.)
of 1.0. Here, s.r. is the ratio of the feed amount of H,
or O, to that required to generate a current of 20 A.
The flow rate of supply gas (H,) at s.r. of 1.0 is
defined as follows.
my = I/nF 4)
where, my, is the molar flow rate of supplied H,
(mol-s'l); n is the valence of ion (= 2 for Hy); F'is the
Faraday constant (= 96,500 C-mol™). mq, which is the
molar flow rate of supplied O, (mols') and is
calculated as follows:
H, + 1/2 0, = H,0 ®)
The actual s.r. of supply gas was confirmed, using
the mass flow controller installed at the inlet of the
single cell and the mass flow mater installed at the
outlet of the cell in the power generation experiment
[29].

2.3 Heat-Balance Equations for Calculating Reaction

Surface Temperature

The heats transferred in the model proposed are
expressed as Egs. (6)-(10):

Hrib, c— Krib, A (Treact, rib — Tsurf, c)/2 (6)
Hchan, c = Kchan, CA (Treact, chan — {4 surf, c)/z (7)
Hrib, a— Krib, aA (Treact, rib — Tsurf, a)/2 (8)

Hpan,a = Kehan, a4 (Treact, chan — Tsurf, a)/2 ©)

Hicact = Hyiv, ¢ + Hehan, ¢ T Hriv, a + Hehan, o (10)
where, Hp, . is the heat flux to cathode side under rib
(W); Kb, 1s the overall heat transfer coefficient for
cathode side under rib (W-m>K"'); 4 is the heat
transfer area which is the active area of MEA, i.e.,
power generation area (= 0.0025 mz); Treact, rib 1S the
reaction surface temperature under rib (K or °C); Tqye,
. 1s the separator’s back surface temperature at
cathode (K or °C); Hcpan, . 18 the heat flux to cathode
side under channel (W); Kchan, ¢ 1S the overall heat
transfer coefficient for cathode side under channel
(W-m™ K™
temperature under channel (K or °C); Hp,, 4 is the heat

Treact, chan 1S the reaction surface
flux to anode side under rib (W); Kb, 4 is the overall

heat transfer coefficient for anode side under rib

(W-m'zK'l); Tsurt, 18 the separator’s back temperature
at anode (K or °C); Hcpan, 2 15 the heat flux to anode
side under channel (W); Kcpan, o 1S the overall heat
transfer coefficient for anode side under channel
(W-m’z-K'l). Kiib, ¢» Kchan, ¢» Krib,a a0d Kchan, o are defined
as follows:

1/Kiip, ¢ = Ocat/kcat + dGpr/kapL + Oriv/kiib + Osep/ksep (11)

1/K chan, ¢ =0cat/kcat T dgpr/kapr + Ochan/kehan, ¢

+ Osep/ksep (12)

1/K:iv, a = Opem/kpem + Ocar’kicar + dcpr/kGpL
+ Oriv/krib T Osep/ksep (13)

1/K chan, 2 = OpEm/kpEM + Ocat/kcar + dGpL/kGpL
+ Ochan/kchan, a + Osep/ksep (14)

where, J.y 1S the thickness of the catalyst layer (m);
keat 1s the thermal conductivity of the catalyst layer
(W-m™K™); dgpL is the thickness of GDL (m); kgpL is
the thermal conductivity of GDL (W~m'1-K'1); Orib 1S
the thickness of the separator rib (m); k;, is the
thermal conductivity of the separator rib (W-m'l-K'l);
Osep 18 the thickness of the separator excluding rib part
(m); ks is the thermal conductivity of the separator
excluding rib part (W-m’l-K'l); Ochan 18 the thickness of
the channel of separator (m); Achan 1S the thermal
conductivity of the mixture gas in the channel of
separator (W-m'lK'l); opem 18 the thickness of PEM;
kpgwm 1s the thermal conductivity of PEM.

Table 1 lists the specification of cell components
used in the model. The materials of PEM, catalyst
layer, GDL and separator are Nafion 115 or Nafion
211, compound of platinum and carbon, carbon paper
and carbon graphite, respectively. The thickness
values listed here are the same as those of the
components used by previous studies [29, 36, 37].

In Table 1, the effective thermal conductivities of
porous media k, are the values of the cell components
used in the present experiment and in Refs. [29, 33].
Since the effective thermal conductivities given in
Table 1 are obtained when the cell component pores
are filled with air at room temperature, the corrected
effective thermal conductivities are calculated for the
cell component pores filled with H, or O, at 80 °C or
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90 °C, which were the Ti,; value assumed in this study.
In this calculation, the thermal conductivities of each
gas are from the Japan Society of Mechanical
Engineers [38].

In order to solve Egs. (6)-(9), the temperatures
measured using the thermograph were substituted into
these equations as Tyyus . and Tyt .. The operation
conditions used for power generation in order to
measure temperatures with thermograph are given in
Table 2. Analysis using 1D multi-plate heat transfer is
carried out by means of the data obtained under these
conditions. The experimental procedure for measuring
temperature during power generation has been
explained in Refs. [29, 39].

In order to use the temperature data measured by
thermograph in 1D multi-plate heat transfer model, the
image of in-plane temperature distribution is divided
into segments of 10 mm % 10 mm each, as shown in

Fig. 2. Although the power generation area is 50 mm

Table 1 Specification of cell components.

x 50 mm, the observation area is set to be 40 mm x 50
mm to prevent a gas leak through observation window
in the experiments. The gas channel width and the rib
width of investigated separator are 1.0 mm and the
number of gas channel is 5. The segment includes the
area consisting of five pairs of rib and gas channel.
The average temperature in each segment at anode and
cathode was used for the separator’s back temperature
in 1D multi-plate heat transfer model. The segment is
named A to T along the gas flow direction as shown in
Fig. 2.

Regarding segments A and T, the insulators
covering the gas pipes interfere with the thermograph
measurement in some area of the segment as it can be
seen in Fig. 2. In this study, the effective temperature
of segments A and T were obtained by removing the
temperature data that were interfered by the insulator
from the total temperature data in each segment. In the
heat transfer analysis, it was assumed that 7§, . on the

Effective thermal

Parts Size Characteristics Porosity (-) conductivity
(W/mK)

50.0 mm x 50.0 mm x 0.13 mm

PEM (Nafion 115) or 50.0 mm x 50.0 mm x afion 115 or Nafion 211 0.15 0.195
0.025 mm (Nafion 211) (produced by Du Pont Corp.)
50.0 mm x 50.0 mm % 0.01 mm Pt/C

Catalyst layer (attached with PEM) (20 wt% Pt loading) 0.78 0.27

Gas diffusion layer Carbon paper (TGP-H-060

(GDL) 50.0 mm x 50.0 mm X 0.17 mm produced by Toray Corp.) 0.78 1.7
75.4 mm x 75.4 mm x 2.00 mm

Separator (thickness of rib part: 1.00 mm) Carbon graphite, serpentine 0.28 25

(gas supply area: 50.0 mmx50.0 mm)

Table 2 Operating conditions of power generation for temperature measurement by thermograph.

Initial temperature of cell (°C) 80, 90
Load current of cell (A) 18 (Nafion 211), 20 (Nafion 115)
(Current density of cell (A-cm™)) (0.72, 0.80)

Supply gas condition

Anode Cathode

Gas type H, 0,
Temperature of supply gas at inlet (°C) 80, 90 80, 90
Relative humidity of supply gas (% RH) 40, 80 40, 80
Pressure of supply gas at inlet (absolute) (MPa) 0.4 0.4
Flow rate of supply gas at inlet (NL-min™") ggég 8(5)%’ 8}23 8(5);’
(Stoichiometric ratio (-)) 0:420 (3:0)’ 0:210 (3:0)’
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Fig. 2 Segment display of in-plane temperature
distribution measured by thermograph.

rib side was equal to Ty . on the channel side as well
as Tqut o because the difference between them could
not be recognized by the measured data.

Considering the above described assumptions and
Egs. (6)-(14), the reaction surface temperature 7Ty, 1S
expressed as follows:

Treact = T, react, rib — T, react, chan
= {2H eac/A + (Kiib, ¢ + Kehan, o)/ Tsurt, ¢ T (Kiib, 2 T+
Kehan, 2) Tsur, a}/(Krib, ¢ + Kehan, ¢ + Kiib, a + Kehan,2) -~ (15)

3. Results and Discussion

3.1 Impact of Stoichiometric Ratio of Supply Gas on

Temperature Distribution

Figs. 3 and 4 show the impact of s.r. of supply gas
on temperature distribution on reaction surface
simulated by the proposed heat transfer model for
Nafion 115 and Nafion 212, respectively. The relative
humidity of supply gases are 80% RH at the
anode and 80% RH at the cathode (A80% RH,
C80% RH), 80% RH at the anode and 40% RH at
the cathode (A80% RH, C40% RH), and 40% RH at
the anode and 80% RH at the cathode (A40% RH,
C80% RH). The s.r. of supply gases are 1.5, 2.0 and
3.0. The results at Tiy; = 90 °C are shown in these
figures.

From these figures, it is observed that Tieaet — Tin
increases along the gas flow from the inlet to the
outlet gradually. Since the PEM is hydrated by the

water produced by electrochemical reaction and the
humidified gas flows through to the outlet, the power
generation is promoted along the gas flow. In addition,
it can be seen that the impact of flow rate of supply
gas on the temperature distribution is not significant
irrespective of relative humidity conditions as well as
thickness of PEM. Since the gas supply is sufficient
for power generation even s.r. = 1.5, it can be thought
that the impact of flow rate of supply gas on the
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Fig. 3 Effect of stoichiometric ratio of supply gas on 7,e,

for different relative humidity conditions at 7;,; = 90 °C
using Nafion 115.
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Fig. 4 Effect of stoichiometric ratio of supply gas on T\ e,
for different relative humidity conditions at 7;,; = 90 °C
using Nafion 211.

temperature distribution is not significant. Table 3
lists the power generation characteristics obtained by
experiment in this study. From this table, the impact
of flow rate of supply gas on the power generation
performance is a little irrespective of relative humidity
condition as well as Ti,;. Therefore, the results for s.r.
= 2.0 are shown about the following investigations in
this paper since they can represent the characteristics

of different stoichiometric ratios.

Table 3 Comparison of power generation performance
obtained by power generation experiment among different
operating conditions.

Relative Flow rate of
. o humidity of Current (A),
PEM  Tini (°C) supply gas (% lesgly £as Voltage (V)
RH) .I.
. 1.5 20, 0.47
égg;’ ll:lﬁl, 2.0 20, 0.48
0
3.0 20, 0.47
1.5 20, 0.43
80 A80% RH, 2.0 20, 0.45
C40% RH ’ >
3.0 20, 0.42
A40% RH 1.5 20, 0.44
0 ]
C80% RH 2.0 20, 0.43
Nafion 3.0 20, 0.42
115 . 1.5 20, 0.49
ASOORIL 50 g
0
3.0 20, 0.49
1.5 20, 0.43
90 A80% RH, 2.0 20, 0.43
C40% RH ’ >
3.0 20, 0.43
400 1.5 20, 0.38
280‘;3 g’ 2.0 20,0.37
0
3.0 20, 0.35
1.5 18,0.32
A80% RH,
C80% RH 2.0 18, 0.34
3.0 18, 0.36
1.5 18, 0.31
A80% RH,
80 C40% RH 2.0 18,0.32
3.0 18,0.32
A40% RH 1.5 18, 0.31
o >
C80% RH 2.0 18,0.33
Nafion 3.0 18,0.32
211 AR0% RH 1.5 18,0.21
0 ]
C80% RH 2.0 18, 0.25
3.0 18, 0.29
1.5 18, 0.25
A80% RH,
90 C40% RH 2.0 18,0.25
3.0 18,0.25
. 1.5 18,0.26
AMORRHL 0y
0
3.0 18, 0.27

3.2 Impact of Initial Temperature of Cell on
Temperature Distribution

Figs. 5-7 show the impact of Ti, on temperature
distribution on reaction surface of Nafion 115 for
several relative humidity conditions (A80% RH,
C80% RH; A80% RH, C40% RH; A40% RH, C80%
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Fig. 5 Effect of T;,; on T, for A80% RH, C80% RH
using Nafion 115.
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Fig. 7 Effect of T;;; on T, for A40% RH, C80% RH
using Nafion 115.

RH), respectively. The results for s.r. = 2.0 are shown
in these figures.

It can be seen form Fig. 5 that the impact of Ti,; on
temperature distribution is not observed for A80% RH,
C80% RH. Even Tj,; = 90 °C which is easy to dry,

temperature distribution is not affected by Ti,; under
the condition that the anode and the cathode are fully
humidified. On the other hand, according to Fig. 6,
Treact — Tini at Tinj = 90 °C is lower compared to that at
Tini = 80 °C under the condition of A80% RH, C40%
RH. Since Ty = 90 °C is dry condition and the
relative humidity of the cathode is low, the proton
conductivity of PEM and the reactivity of catalyst at
the cathode are reduced. Therefore, the amount of liquid
water which is produced by electrochemical reaction
mainly is small, resulting that Tie,ee — Tin; is lower due
to the decrease in the condensation heat of water.
According to Fig. 7, there is the gap of Tieaet — Tni
between Ti,; = 80 °C and T}y, = 90 °C near the inlet. In
other words, Treact — Tini at Tip; = 80 °C increases from
the inlet to the outlet larger compared to that at Tjy; =
90 °C. Since Ty,; = 80 °C is more wet condition
compared to T, = 90 °C and the condition of A40%
RH, C80% RH causes back diffusion of water from
the cathode to the anode easily, the power generation
performance would be promoted. It can be also
confirmed from Table 3 that the power generation
performance for A40% RH, C80% RH at Ti,; = 80 °C
is better than that for A40% RH, C80% RH at T}, =
90 °C.

Figs. 8-10 show the impact of T, on temperature
distribution on reaction surface of Nafion 211 for
several relative humidity conditions (A80% RH,
C80% RH; A80% RH, C40% RH; A40% RH, C80%
RH), respectively. The results for s.r. = 2.0 are shown
in these figures. According to Figs. 8-10, it can be
seen that temperature distribution is not affected by
Timi as well as relative humidity conditions though
there is a little gap of Treaet — Tini between Tip = 80 °C
and T = 90 °C near the inlet. Since the water transfer
through PEM is good for thin PEM [40], PEM is well
humidified even high Tj, as well as low relative
humidity condition. Therefore, the difference of Tieqct
— Tini between Ty = 80 °C and Ty = 90 °C for each
relative humidity conditions is small. The reason why
there is a little gap of Treaet — Tini between Tip = 80 °C
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Fig. 10 Effect of T;,; on T, for A40% RH, C80% RH
using Nafion 211.

and Ti,; = 90 °C near the inlet, i.e., Treact — Tini at Tini =
80 °C increases from the inlet to the outlet larger
compared to that at Tip; = 90 °C, is that Ti,; = 80 °C is
more wet condition compared to T, = 90 °C. Since
the power generation performance would be promoted
along the gas flow, the temperature rises from the inlet
to the outlet at T},; = 80 °C.

3.3 Impact of Thickness of PEM on Temperature

Distribution

Figs. 11-13 show the impact of thickness of PEM
on temperature distribution on reaction surface at Ty
=90 °C for several relative humidity conditions (A80%
RH, C80% RH; A80% RH, C40% RH; A40% RH,
C80% RH), respectively. The results for s.r. = 2.0 are
shown in these figures. According to Figs. 11-13, the
temperature distribution is relatively flat in the case of
Nafion 115. Since the water transfer is not good due to
thick PEM, the humidification by the water generated
from electrochemical reaction along the gas flow is
small. Therefore, the temperature increase due to the
condensation heat of water is a little. However, the
condition of A80% RH, C80% RH is fully humidified,
resulting that Tieaes — Tini 18 larger as shown in Fig. 11.
On the other hand, Tieact — Tini rises from the inlet to
the outlet large and the temperature distribution is
wide in the case of Nafion 211 irrespective of relative
humidity condition. Since the water transfer through
PEM is better than Nafion 115 due to thin PEM [40],
the supplied gas is humidified by water produced from
Therefore, the
generation is promoted along the gas flow, resulting

electrochemical reaction. power
that the temperature rises from the inlet to the outlet.
From the investigation by this study, the
temperature distribution on reaction surface under
high temperature operation is different between two
types of PEM whose thickness are different. Nafion
115 which is thicker PEM is affected by Ty, and
relative humidity condition more significantly than
Nafion 211. It can be alleged that Nafion 211 can save
the energy and cost for pre-humidification since the
same power generation performance, and heat and
mass transfer characteristics are obtained under low
relative humidity condition. Though the water transfer
performance of Nafion 211 is better than that of
Nafion 115, the power generation performance of
Nafion 211 is worse than that of Nafion 115 according

to Table 3. It is considered that the wide temperature
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Fig. 13 Effect of PEM thickness on 7., for A40% RH,
C80% RH.

distribution prevents Nafion 211 from conducting the
power generation sufficiently. The power generation
performance is better when the in-plane temperature
distribution in the single cell is even [41]. Therefore,
there are two key points to obtain the high power
generation performance, i.e., keeping a good

humidification through reaction surface and an even

in-plane temperature distribution. To realize them
simultaneously, it can be proposed that the water
discharged from the outlet of the cell reuses in the cell
by recirculation pipe line. It is promising that the
temperature elevation on reaction surface is prevented
by the improvement of power generation performance
with the additional
providing the

water management system

effective energy conversion to

electricity.
4. Conclusions

The temperature distribution on reaction surface
was calculated by the 1D multi-plate heat transfer
model proposed by this study under high temperature
operation such as 90 °C condition. In addition, the
impacts of Ty, flow rate, relative humidity of supply
gas and thickness of PEM on the temperature
distribution on reaction surface have been also
investigated. From the investigation of this study, the
following conclusions have been obtained:

(1) Treact — Tini increases along the gas flow from the
inlet to the outlet gradually due to humidification by
the water produced from electrochemical reaction
though it is relatively flat for Nafion 115;

(2) The impact of flow rate of supply gas on the
temperature distribution is not significant irrespective
of relative humidity conditions as well as PEM type
due to the sufficient gas supply;

(3) As to Nafion 115, the impact of Ti,; on
temperature distribution is not observed for A80% RH,
C80% RH. However, the impact of Tj, on temperature
distribution is observed for A80% RH, C40% RH and
A40% RH, C80% RH. Tiener — Tini at Tini = 90 °C is
lower compared to that at Ti,; = 80 °C under the
condition of A80% RH, C40% RH. Tiese — Tinj at Tini =
80 °C increases from the inlet to the outlet larger
compared to that at 7i; = 90 °C under the condition of
A40% RH, C80% RH,;

(4) As to Nafion 211, temperature distribution is not
affected by Ti,; as well as relative humidity conditions
though there is a little gap of Tieact — Tini between Tiy; =
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80 °C and Ti,; = 90 °C near the inlet;
(5) Compared to Nafion 115, Tieaer — Tini rises from
the inlet to the outlet large and the temperature

distribution is wide in the case of Nafion 211

irrespective of relative humidity condition. Since the
water transfer through PEM in the case of Nafion 211
is better than that in the case of Nafion 115 due to thin
PEM, the power generation is promoted along the gas
flow with the aid of humidification by water produced
from electrochemical reaction;

(6) Though the water transfer performance of
Nafion 211 is better, it is believed that the wide
temperature distribution prevents Nafion 211 from
conducting the power generation sufficiently.
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