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Abstract: According to the New Energy and Industry Technology Development Organization (NEDO) road map 2017 of Japan, 
polymer electrolyte fuel cell (PEFC) system is required to be operated at 90 °C and 100 °C for stationary and mobility applications, 
respectively. However, the general PEFC, which has Nafion membrane is operated within the temperature range between 60 °C and 
80 °C. It is important to understand the temperature distribution in a PEFC cell for analyzing performance on working life span of PEFC. 
This study focuses on the combination of thin polymer electrolyte membrane (PEM) and thin gas diffusion layer (GDL) to improve 
power generation performance under relatively higher temperature operation conditions. In addition, this study also focuses on effect of 
micro porous layer (MPL), which can promote the mass transfer, over temperature distribution. The key aim of this study is to analyze 
impact of MPL of temperature distribution on the reaction surface (Treact) of a cell of PEFC using thin PEM and GDL with variations of 
H2 and O2 supply flow rates and their relative humidity (RH) with changing the initial operating temperature (Tini) from 80 °C to 100 °C. 
As a result, the distribution of Treact without MPL, for anode and cathode at 80 % RH and Tini at 80 °C and 90 °C, is higher than normal 
conditions. There is a small difference in temperature distribution among different RH conditions with MPL. The distributions of Treact 
are relatively flat and almost the same among different RH conditions without MPL at Tini = 100 °C, while the distributions of Treact with 
MPL are almost the same among different RH conditions. This study is revealed that more even temperature distribution and higher 
power generation performance can be obtained in the case without MPL compared to the case with MPL. 
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1. Introduction 

It is an urgent requirement to decrease the CO2 

emissions in the world. Renewable energy can be used 

for H2 production and can effectively contribute to 

solve the global warming problems through many 

applications. Polymer electrolyte fuel cell (PEFC) is an 

interesting combined heat and power generation 

technology, where H2 is used as a fuel. According to 

New Energy and Industry Technology Development 

Organization (NEDO) road map 2017 of Japan [1], 

PEFC system is required to be operated at 90 °C and 

100 °C for stationary and mobility applications, 
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respectively. However, the normal PEFC, which has 

Nafion membrane, is operated within the temperature 

range between 60 °C and 80 °C [2, 3]. If PEFC is 

operated at relatively higher temperature than usual, 

following advantages can be achieved: (1) promotion 

of electrochemical kinetics in both electrodes; (2) 

reducing the cooling system for automotive 

applications, because of increase in temperature 

difference between the PEFC stack and coolant; (3) 

endurance enhancement to CO which can be available 

on lower quality reformed H2 [4]. However, we have to 

consider the following problems, if PEFC system is 

going to be operated at higher temperature: (1) 

degradation of polymer electrolyte membrane (PEM); 

(2) catalyst elution; (3) uneven distributions of gas 

flow, pressure, temperature, voltage and current in the 
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PEFC. They should be resolved to commercialize the 

PEFC system, which can be operated at higher 

temperature [5]. Moreover, the temperature 

distribution also influences the phase change of water 

and can influence the performance of PEM, fuel and 

oxidant flows in gas diffusion layer (GDL) and catalyst 

layer at high temperature. Therefore, it is important to 

analyze the temperature distribution in a cell of PEFC 

in order to improve the power generation performance 

and to achieve longer operational life span. 

The characteristics of high temperature PEFC 

(HTPEFC) have been investigated recently for 

operating temperature over 100 °C [6-19]. However, 

most of them focused on development of new materials 

such as membrane and catalyst [6-12]. Some numerical 

studies [6-12] have reported analysis on distribution of 

current density, O2 and water concentration under the 

condition changing assembly pressure [13]. The power 

generation performance has evaluated by polarization 

and power curves, when changing the thickness of 

membrane [14], electrolyte potential distribution 

evaluated by 2D and 3D model [15], and mathematical 

modeling to predict the degradation of membrane and 

catalyst [16]. The other experimental investigations 

have reported the effect of CrN/Cr coating stainless 

bipolar plate on the power generation performance 

improvement [17], the effect of flow rate and assembly 

pressure on the power generation performance using 

stainless bipolar plate [18], and the effect of gas 

pressure on the power generation performance [19]. A 

very few researchers [5, 20] have reported the 

investigation on temperature distribution in a cell of 

PEFC operated at relatively higher temperature. 

However, they did not investigate the temperature 

distribution near the interface between PEM and 

catalyst layer at the cathode, which has termed as a 

reaction surface in this study, except for the studies by 

the authors [21-23]. The previous research works by 

the authors [21-23] have investigated the impact of 

PEM’s thickness as well as GDL’s thickness on 

temperature distribution on the reaction surface (Treact) 

in a cell of PEFC at higher temperature such as 90 °C 

by the developed model using the temperature 

distribution data obtained by the thermograph 

experimentally. The impact of micro porous layer 

(MPL), which can improve not only the through-plane 

thermal conductivity of GDL [24] but also gas 

diffusion because of enhancement of discharging liquid 

water in catalyst layer [25], has been also investigated 

in this study. Through state-of-art literature review, it is 

observed that the impact of MPL on distribution of 

Treact in a cell of PEFC using thin PEM and GDL as 

well as initial operation temperature (Tini) has not been 

investigated yet. 

When we use thinner PEM, the lower Ohmic 

resistance as well as higher proton flux ratio and back 

diffusion [14, 26, 27] can be achieved. In addition, 

GDL’s thickness influences O2 concentration 

distribution in the catalyst layer and water discharge 

performance in the PEFC [28]. It is going to contribute 

to promoting the heat and mass transfer phenomena as 

well as the power generation performance of PEFC by 

decreasing the PEM and GDL’s thickness. However, at 

present there is no study to clarify the distribution of 

Treact in a cell of PEFC using thin PEM and GDL at 

higher temperature such as 90 °C to 100 °C compared 

to usual operating temperature. This study considers 

that it is important to analyze the distribution of Treact, 

since the heat and water due to O2 reduction reaction 

are generated. In addition, at present there is no study 

on investigating the impact of MPL on distribution of 

Treact in a cell of PEFC using thin PEM and GDL, when 

Tini is changed from usual operating temperature to the 

higher temperature of 100 °C. 

In this paper, the objective is to analyze the impact of 

MPL on distribution of Treact in a cell of PEFC using 

thin PEM and GDL with variations of flow rates and 

relative humidity (RH) of the supply gases for 

changing Tini from usual operation temperature of 

80 °C to higher temperature such as 90 °C and 100 °C. 

Additionally, this study is investigating the impact of 

MPL by comparing the results with and without MPL. 
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The present investigation is carried out using the heat 

transfer model developed by the authors [21-23]. 

The temperature distributions on separator’s back of 

a cell of PEFC have been measured by thermograph 

and used in the heat transfer model [29]. Without 

disturbing the heat and mass transfer as well as power 

generation operation due to installation of sensor, the 

temperature distribution under loading conditions is 

measured accurately. Based on the measured data, the 

studies [23-25] have tried to build an empirical model 

to predict the distribution of Treact. Through the 

literature survey, it is observed that there has been no 

previous study on estimating the distribution of Treact 

from measured temperature data at the separator’s 

back. The heat transfer model can predict the 

distribution of Treact with the measured separator’s 

back temperature, and it is desirable to be developed. 

The distribution of Treact could be easily estimated 

without difficulty and complex temperature 

measurement using the presented heat transfer model. 

In the previous studies conducted by authors [30-32], 

a 1D multi-plate heat transfer model using the 

temperature data of separator’s back, has been 

measured by the thermograph under power generation. 

It has been used to estimate the temperature 

distribution in a cell of PEFC. A cell of PEFC consists 

of PEM, catalyst layer, GDL and separator. The 

authors have proposed heat transfer model in Refs. 

[30-32], which has assumed the heat transfer through 

multi-plates for these cell components. The 

temperature at the interface between PEM and catalyst 

layer on the cathode, i.e., Treact is calculated using the 

heat transfer model [30-32]. This is a new approach to 

identify the heat transfer mechanism in a cell of PEFC 

by means of measured data by the thermograph and the 

developed model. 

2. Analysis on Heat Transfer in Single Cell 
of PEFC 

2.1 1D Multi-plate Heat Transfer Model 

The multi-plate single cell PEFC module is illustrated 

in Fig. 1. In the module, the separator’s back is opposite 

side of the surface contacting GDL. The separator’s 

back is the opposite side of surface contacting GDL. 

The separator’s back surface temperatures Tsurf, c and 

Tsurf, a are measured using the 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, and then the 

upper and lower parts represent rib part and channel 

part, respectively. For both parts, the heat transfer is 

assumed to be in the through-plane direction. 
 

 
Fig. 1  1D multi-plate heat transfer module. 
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The heat generated on the 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 that is taken is less than 1% of the 

estimated reaction heat of approximately 20 W [31]. 

Therefore, the heat carried away by the gas flow is 

neglected in this model. Additionally, the mass flow 

rate of gas, flowing through the gas channel, is very 

small ranging from 10-8 to 10-6 kg/s, and it follows the 

assumption that the thermal conduction of gas in the 

gas channel is to be static. 

2.2 Heat Generation Rate by Reaction in the Proposed 

Model 

The heat generation rate Hreact (as a reaction product), 

is calculated as: 

Hreact = Ei – WE            (1) 

where, Ei is the ideal (total) energy generation rate by 

the water formation from H2 and O2 based on the 

higher heating value (HHV). WE is the electric power 

generated by PEFC. Ei and WE are expressed as 

follows: 

Ei = mH2 × qHHV            (2) 

WE = I × V              (3) 

where, I is the load current obtained by the experiment. 

The PEMs of Nafion 115, NRE-212 and NRE-211 are 

investigated in this study, I is kept at 20 A (= 0.80 

A/cm2). V is the voltage obtained by the experiment. 

mH2 is the molar flow rate of supplied H2, which is 

equal to the ideal reaction consumption rate of H2, 

required for the generation of 20 A, i.e., at the 

stoichiometric ratio (s.r.) of 1.0. Here, s.r. is the ratio 

of the feed amount of H2 and O2 required to generate a 

current of 20 A. The consumption rate of supply gas 

(H2) at s.r. of 1.0 is defined as follow: 

mH2 = I/nF               (4) 

where, mH2 is the molar consumption rate of supplied 

H2 at s.r. of 1.0 (mol/s), n is the valence ion (= 2 for 

H2), F is the Faraday constant (= 96,500 C/mol), mO2 

is the molar consumption rate of supplied O2 at s.r. of 

1.0 (mol/s) and it is calculated: 

H2 + 1/2 O2 = H2O          (5) 

The actual s.r. of consumption rate of gas is 

confirmed, using the mass flow controller installed at 

the inlet of the single cell of PEFC, and the mass flow 

meter is installed at the outlet of the cell in the power 

generation experiment [29]. As a result, the 

consumption rates of supplied H2 and O2 are 1.0, 

respectively. 

2.3 Heat-Balance Equations for Calculating Reaction 

Surface Temperature in the Proposed Model 

The reaction heats at the rib and channel are 

expressed in Eqs. (6)-(10):  

Hrib, c = Krib, cA(Treact, rib – Tsurf, c)/2      (6) 

Hchan, c = Kchan, cA(Treact, chan – Tsuf, c)/2      (7) 

Hrib, a = Krib, aA(Treact, rib – Tsurf, a)/2      (8) 

Hchan, a = Kchan, aA(Treact, chan – Tsurf, a)/2      (9) 

Hreact = Hrib, c + Hchan, c + Hrib, a + Hchan, a      (10) 

where, H is the heat flux (W), K is the overall heat 

transfer coefficient (W/(m2·K)), A is the heat transfer 

area which is the active area of MEA, i.e., power 

generation area (= 0.0025 m2), T is temperature (K 

or °C). As to the subscripts, rib, chan, react, surf, c 

and a indicate under rib, under channel, reaction 

surface, separator’s back surface, cathode side, anode 

side, respectively. Krib, c, Krib, a and Kchan, a are defined 

as follows: 

1/Krib, c = cat/kcat + MPL/kMPL + 

GDL/kGDL + rib/krib + sep/ksep      (11) 

1/Kchan, c = cat/kcat + MPL/kMPL + 

GDL/kGDL + chan/kchan + sep/ksep      (12) 

1/Krib, a = PEM/kPEM + cat/kcat + 

MPL/kMPL + GDL/kGDL + rib/krib, a + sep/ksep    (13) 

1/Kchan, a = PEM/kPEM + cat/kcat + 

MPL/kMPL + GDL/kGDL + chan/kchan, a + sep/ksep   (14) 

where, cat is thickness of the catalyst layer (m), kcat is 

thermal conductivity of the catalyst layer (W/(m·K)), 

MPL is thickness of MPL (m), kMPL is thermal 

conductivity of MPL (W/(m·K)), GDL is thickness of 

GDL (m), kGDL is thermal conductivity of GDL 
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(W/(m·K)), rib is thickness of the separator rib (m), 

krib is thermal conductivity of the separator rib 

(W/(m·K)), sep is thickness of separator excluding rib 

part (m), ksep is thermal conductivity of separator 

excluding rib part (W/(m·K)), chan is thickness of the 

channel of separator (m), kchan is thermal conductivity 

of the mixture gas in the channel of separator 

(W/(m·K)), PEM is thickness of PEM (m), kPEM is 

thermal conductivity of PEM (W/(m·K)). 

The specification of cell components used in the 

proposed model is presented in Table 1. Nafion 115, 

NRE-212 and NRE-212 (manufactured by Do Pont 

Corp.), whose thicknesses are 127 m, 51 m and 25 

m, respectively, are used and investigated in this 

study. In addition, TGP-H-060 and TGP-H-030 

(manufactured by Toray Corp.) whose thicknesses are 

190 m and 110 m, respectively, are investigated. 

The proposed model consists of PEM, catalyst layer, 

MPL, GDL and separator. The values of thickness, 

listed in Table 1, are same as those of the components 

used in the previous studies [23, 27, 29, 33, 34]. 

The effective thermal conductivities of porous 

media k are listed in Table 1. They are the values of 

cell components used in this experiment, and in the 

other references, too [27, 29]. In Table 1, the effective 

thermal conductivities are obtained when the cell 

components pores are filled with air at room 

temperature. Therefore, the corrected effective 

thermal conductivities are calculated for the cell 

components pores filled with H2 or O2 at 80 °C, 90 °C 

and 100 °C, and they are representing Tini in this study. 

In the power generation experiment whose data were 

used for the numerical analysis in this study [29], the 

single cell of PEFC was prepared by electric heater at 

Tini before the temperature measurement by 

thermograph. In addition, the temperature of supply 

gas at the inlet is controlled by electric heater at Tini. 

In the calculation, thermal conductivities of each 

supply gases are used from “The Japan Society of 

Mechanical Engineers” [35]. 

The temperatures are measured using the 

thermograph and substituted into the equations as Tsurf, 

c and Tsurf, a for solving Eqs. (6)-(9). Table 2 lists the 

operational conditions applied for PEFC power 

generation experiment to measure the temperatures 

with thermograph. 1D multi-plate heat transfer 

analysis used the data obtained under these 

experimental conditions. The current density is kept at 

0.80 A/cm2 in the PEFC power generation experiment 

in order to obtain the temperature data using 

thermograph. The temperature distribution data caused 

by the reaction heat at the separator back are obtained. 
 

Table 1  Specification of PEFC components referred from the manufacture catalog and previous studies [23, 27, 29, 33]. 

Parts Size Characteristics Porosity (-) 
Effective thermal 
conductivity 
(W/(m·K)) 

Polymer electrolyte 
membrane (PEM) 

50.0 mm × 50.0 mm × 0.127 mm (Nafion 
115), 50.0 mm × 50.0 mm × 0.051 mm 
(NRE-212) or 50.0 mm ×50.0 mm × 0.025 
mm (NRE-211) 

Nafion 115, NRE-212 or 
NRE-211 (produced by Du 
Pont Corp.) 

0.28 0.195 

Catalyst layer 
50.0 mm × 50.0 mm × 0.01 mm 
(attached with PEM) 

Pt/C (20 wt% Pt loading) 0.78 0.27 

Micro porous layer 
(MPL) 

50.0 mm × 50.0 mm × 0.003 mm 
(attached with GDL) 

Mixture of carbon black and 
PTFE 

0.60 1.0 

Gas diffusion layer 
(GDL) 

50.0 mm × 50.0 mm × 0.19 mm 
(TGP-H-060) or 50.0 mm × 50.0 mm × 
0.11 mm (TGP-H-030) 

Carbon paper (TGP-H-060, 
TGP-H-030 produced by 
Toray Corp.) 

0.78 
(TGP-H-060) 

1.7 

Separator 
75.4 mm × 75.4 mm × 2.00 mm (thickness 
of rib part: 1.00 mm) 
(Gas supply area: 50.0 mm × 50.0 mm) 

Carbon graphite, serpentine 0.15 25 
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Table 2  Operating conditions of PEFC power generation for temperature measurement by thermograph. 

Initial temperature of cell (Tini) (°C) 80, 90, 100 
Load current of cell (A) 
(current density of cell (A·cm-2)) 

20 (0.80) 

Supply gas condition 

 Anode Cathode 

Gas type H2 O2 

Temperature of supply gas at inlet (°C) 80, 90, 100 80, 90, 100 

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-1) (stoichiometric ratio (-)) 
0.210 (1.5), 
0.280 (2.0), 
0.420 (3.0) 

0.105 (1.5), 
0.140 (2.0), 
0.210 (3.0) 

 

 
Fig. 2  Segment display of in-plane temperature 
distribution measured by thermograph. 
 

The experimental procedure to measure the 

temperature during power generation has been 

explained in the authors’ previous study [29]. 

As shown in Fig. 2, the in-plane temperature 

distribution is divided into the segments of 10 mm × 

10 mm each in order to use the temperature data 

measured by the thermograph in 1D multi-plate in the 

heat transfer model. Though the power generation area 

is 50 mm × 50 mm, the observation area is set at 40 

mm × 50 mm to prevent a gas leak through 

observation window in the experiments. The gas 

channel width and rib width at separator are 1.0 mm, 

and the number of gas channel is 5. Each segment 

consists of five parts of rib and gas channel. The 

average temperature in each segment at anode and 

cathode is considered for the separator’s back 

temperature in 1D multi-plate heat transfer model. Fig. 

2 illustrates the segments which are named from A to 

T along with the gas flow direction. 

The insulators, covering the gas pipes, interfere 

with the thermograph measurement in some area of 

the segment (e.g. segments A and T) as it can be seen 

in Fig. 2. In this study, the effective temperatures of 

segments A and T are obtained by removing the 

temperature data that are interfered by the insulator 

from the total temperature data in each segment. In the 

heat transfer analysis, it is assumed that Tsurf, c on the 

rib side is equal to Tsurf, c on the cathode side as well as 

Tsurf, a since the difference between them could not be 

recognized by the measured data [21-23]. 

Considering the above described assumptions and 

Eqs. (6)-(14), the reaction surface temperature Treact is 

expressed as follows: 

Treact = Treact,rib = Treact,chan 

= {2Hreact/A + (Krib,c + Kchan,c)Tsurf,c + (Krib,a + 

Kchan,a)Tsurf,a}/(Krib,c + Kchan,c + Krib,a + Kchan,a)  (15) 

where, Treact is calculated using Hreact without 

estimating the local heat flux for each segment. Here, 

Hreact is used to calculate Treact and it is used as a 

constant regardless of the segment. Additionally, i 

means the segment. 

2.4 Model Validation 

The model developed by the authors [30-32] has 

some difference, compared with the other heat transfer 

model [36-38] in terms of heat transfer conditions. 

However, the temperature gradients for the targeted 

regions, under the similar operational conditions, are 

almost the same [30]. In addition, the authors [39] 

have already investigated the 3D model using the 
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commercial CFD software to predict the distributions 

of Treact. This 3D model based on the described 

equations such as conservation equations of mass, 

momentum and energy in porous region as well as 

electrochemical reaction. Comparing the results of the 

3D model with that of the 1D model proposed in this 

study under the several operation conditions, the 

differences of Treact between the two models were 

from 0.1 K to 1.5 K. Consequently, the 1D model 

proposed in this study has been validated by the 3D 

model. Thus, it can be considered that the proposed 

heat transfer model of this study is reasonable. 

3. Results and Discussion 

3.1 Impact of Flow Rate of Supply Gas at Inlet on 

Distribution of Treact 

It is important to understand the impact of flow 

rates of supply gas at inlet on the heat and mass 

transfer phenomena as well as on power generation 

performance in order to manage the operational 

conditions for the actual operation usage. Fig. 3 shows 

the impact of stoichiometric ratio (s.r.) of supply gas 

at inlet on distribution of Treact simulated by the 

proposed heat transfer model with MPL. The RH of 

supply gas at inlet is 80% RH at anode and 80% RH at 

cathode (i.e., A80%RH, C80%RH). The s.r. of supply 

gas at inlet is 1.5, 2.0 and 3.0 Tini = 80 °C. The results 

are shown in Fig. 3. 

According to Fig. 3, it is seen that the impact of 

flow rate of supply gas at inlet on the temperature 

distribution is not significant. The reason might be 

that the gas supply is sufficient for power generation 

at s.r. = 1.5 [22]. It is also established that the impact 

of flow rate of supply gas at the inlet on distribution of 

Treact is not significant irrespective of RH condition 

and Tini as well as with and without MPL. According 

to the power generation experiments in this study [40], 

it indicates that the power generation performance is 

almost the same among different s.r. The results for s.r. 

= 1.5 are shown as the representative data in the 

following Sections 3.2 and 3.3. 

 
Fig. 3  Effect of stoichiometric ratio of supply gas on 
distribution of Treact (Tini = 80; A80%RH, C80%RH; MPL 
W). 
 

Additionally, it is observed from Fig. 3 that Treact – 

Tini drops at the position D, L and T. Regarding position 

L, it is believed that the water droplets are easy to 

remain since it is located at the corner of serpentine 

separator, the electrochemical reaction does not occur 

well. As a result, Treact – Tini drops in this position [32]. 

As to the position D, it is the inlet of the opposite side, 

i.e., anode side, resulting that the cell is cooled by the 

gas which is cooler than the cell heated by reaction heat 

[32]. On the other hand, as to the position T, water 

droplets are accumulated easily since the water with 

gas flow concentrates due to the outlet of the cell [21]. 

Therefore, the gas diffusion toward catalyst layer does 

not occur well, causing that the electro-chemical 

reaction is not followed well. As a result, Treact – Tini 

drops in this position. 

3.2 Impact of PEM on Distribution of Treact When 

Using Thin PEM and Thin GDL 

Figs. 4 and 5 show distributions of Treact changing 

RH conditions with and without MPL at Tini = 80 °C, 

respectively. According to Fig. 4, it is observed that the 

distributions of Treact without MPL for anode 80% RH 

and cathode 80% RH are higher than the other 

conditions. Since Tini = 80 °C is usual operation 

temperature and anode 80% RH and cathode 80% RH 

are at well-humidified condition, it is thought that PEM 

is well hydrated along the gas flow from the inlet. On 

the other hand, it is observed from Fig. 4 that the  
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Fig. 4  Distribution of Treact changing RH conditions (Tini = 
80 °C; MPL W/O). 
 

 
Fig. 5  Distribution of Treact changing RH conditions (Tini = 
80 °C; MPL W). 
 

temperature increases along the gas flow form the inlet 

to the outlet by approximately 1 °C except for the 

above described condition. Since PEM is hydrated by 

the water produced by electrochemical reaction, the 

humidified gas flows through the gas channel. This 

trend indicates that the power generation is advanced 

along the gas flow [21, 22]. As a result, the temperature 

increases along the gas flow from the inlet to the outlet. 

Consequently, it is revealed that there is difference in 

the distributions of Treact among different RH 

conditions without MPL. According to Fig. 5, it is seen 

that the temperature increases along the gas flow form 

the inlet to the outlet by 1-2 °C irrespective of RH 

conditions. MPL has a role of discharging water to 

improve O2 diffusion in catalyst layer [41], and 

promotion of back diffusion from cathode to anode by 

the increase in the water vaporized due to increase in 

the temperature of catalyst layer at cathode [42]. MPL 

might support to discharge water, which is easy to be 

generated under well-humidified condition such as 

anode 80% RH and cathode 80% RH, resulting that the 

water transfer might be conducted from the inlet 

smoothly. Consequently, it is revealed that there is a 

small difference in temperature distribution among 

different RH conditions with MPL. 

Distributions of Treact changing RH conditions with 

and without MPL at Tini = 90 °C are shown in Figs. 6 

and 7 respectively. According to Fig. 6, it is observed 

that the distribution of Treact without MPL for anode 80% 

RH and cathode 80% RH is higher than the other 

conditions, which has the same tendency as Tini = 80 °C. 

Since anode 80% RH and cathode 80% RH is a 

well-humidified condition, it is thought that the PEM is 

well hydrated from the inlet even at high temperature 

of Tini = 90 °C. On the other hand, it is observed from 

Fig. 6 that the temperature increases along the gas flow 

form the inlet to the outlet by approximately 1 °C 

except for the above described condition. Since PEM is 

hydrated by the water produced by electrochemical 

reaction and the humidified gas flows through the gas 

channel, it indicates that the power generation is 

progressed along the gas flow [21, 22]. As a result, the 

temperature increases along the gas flow from the inlet 

to the outlet. Consequently, it is revealed that there is 

difference in distributions of Treact among different RH 

conditions without MPL, which is the same as Tini = 

80 °C. According to Fig. 7, it is observed that the 

distribution of Treact with MPL for anode 80% RH and 

cathode 80% RH is higher than the other conditions, 

while the temperature increases along the gas flow 

form the inlet to the outlet by approximately 1.5-2 °C 

irrespective of RH conditions. MPL might support to 

discharge water which is easy to be generated under the 

well-humidified condition, such as anode 80% RH and 

cathode 80% RH, resulting that the water transfer is 

conducted from the inlet smoothly. However, the 

distribution of Treact with MPL for anode 80% RH and  
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Fig. 6  Distribution of Treact changing RH conditions (Tini = 
90 °C; MPL W/O). 
 

 
Fig. 7  Distribution of Treact changing RH conditions (Tini = 
90 °C; MPL W). 
 

cathode 80% RH is higher than the other conditions 

(Fig. 7). Since this study adopts thin PEM and thin 

GDL, we can obtain lower ohmic resistance, higher 

proton flux ratio of PEM [14, 26, 27] and reduction in 

mass transfer loss in GDL [28]. Therefore, the power 

generation performance is promoted, resulting in 

increasing the generated water as well as temperature 

with MPL for anode 80% RH and cathode 80% RH 

even at higher temperature of Tini = 90 °C. 

Figs. 8 and 9 show distributions of Treact changing 

RH conditions with and without MPL at Tini = 100 °C, 

respectively. It is seen from Fig. 8 that distributions of 

Treact without MPL are relatively flat, i.e. whose 

variability is within ±0.5 °C, though the temperature 

drop at the position D is observed. In addition, it is seen 

that distributions of Treact without MPL are almost the 

same among the different RH conditions. Since Tini = 

100 °C is higher temperature operation condition, PEM 

is easy to be dehydrated. Therefore, the power 

generation performance is declined due to reduction of 

H+ conductivity [43]. In addition, it is believed that the 

impact of phase change of water as well as remaining 

the liquid water on gas diffusion in the cell is little at 

Tini = 100 °C irrespective of RH conditions [44], 

resulting in uniform temperature distribution. 

According to Fig. 9, it is observed that distributions of 

Treact with MPL are almost the same among the 

different RH conditions. Since PEM is easy to be 

dehydrated at Tini = 100 °C irrespective of RH 

condition, it is believed that the function of MPL 

discharging liquid water in catalyst layer [25] can not 

perform well. Therefore, distributions of Treact with 

MPL are almost the same among the different RH 

conditions. 
 

 
Fig. 8  Distribution of Treact changing RH conditions (Tini = 
100 °C; MPL W/O). 
 

 
Fig. 9  Distribution of Treact changing RH conditions (Tini = 
100 °C; MPL W). 
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Table 3  Comparison of power generation performance (unit: W). 

Tini (°C) 80 90 100 

MPL W W/O W W/O W WO 

A80%RH, C80%RH 11.3 11.5 10.9 12.0 8.37 9.63 

A80%RH, C40%RH 10.7 11.6 10.5 11.6 8.28 9.63 

A40%RH, C80%RH 10.8 11.6 10.6 12.0 7.83 9.54 
 

3.3 Relationship between Temperature Distribution 

and Power Generation Performance 

Table 3 lists the power obtained from the power 

generation experiment to measure Tsurf, c and Tsurf, a 

using thermograph. Load current is set at the constant 

value of 0.80 A/cm2 during the power generation 

experiment. It is seen from Table 3 that the power 

decreases at Tini = 100 °C for both cases with and 

without MPL, while the difference in power between 

Tini = 80 °C and 90 °C is a small. PEM is easy to be 

dehydrated at Tini = 100 °C since the water is vaporized. 

Therefore, the power generation performance is 

declined. Additionally, it is observed from Table 3 that 

the difference in power is small among different RH 

conditions for both cases with and without MPL. Using 

thin PEM and GDL provides the enhancement of water 

transfer between both electrodes, especially under 

lower RH condition at one side, resulting in 

improvement of water transfer from high RH side to 

low RH side. As a result, it is thought that the power 

generation performance under low RH condition at one 

side can obtain the same level as that under well 

humidified condition such as the anode 80% RH and 

cathode 80% RH (A80%RH, C80%RH). Moreover, it 

is revealed from Table 3 that the power with MPL is 

lower than that without MPL irrespective of Tini. MPL 

can support to prevent flooding by discharging the 

liquid water from catalyst layer to GDL at medium 

temperature such as 60 °C [25]. The higher operation 

temperature conditions can dry up PEM, resulting that 

the function of MPL which promotes to discharge the 

liquid water from catalyst layer might bring the 

negative effect. Consequently, it is observed that the 

power with MPL is lower than that without MPL.  

Considering the relationship between temperature 

distribution and power generation performance, the 

more even temperature distribution and higher power 

generation performance are obtained in the case 

without MPL, compared to the case with MPL. Since 

this study adopts the combination of thin PEM and 

thin GDL, we can obtain lower ohmic resistance, 

higher proton flux ratio of PEM [14, 26, 27] and 

reduction in mass transfer loss in GDL [28]. We can 

also obtain the enhancement of water transfer between 

both electrodes, when using the combination of thin 

PEM and thin GDL, which eliminates the use of MPL. 

Consequently, this study proposes using the 

combination of thin PEM and thin GDL without MPL 

for higher temperature operation. 

4. Conclusions 

This study has analyzed and investigated the 

temperature distribution on reaction surface by the 1D 

multi-plate heat transfer model by changing the flow 

rate (s) and RH of supply gas at the inlet as well as Tini 

with and without MPL. The experimental results are 

used for the analysis. From the investigation, the 

following conclusions are drawn. 

The impact of flow rate of supply gas at the inlet on 

the distribution of Treact is not significant irrespective 

of RH condition and Tini as well as with and without 

MPL. 

At Tini = 80 °C and 90 °C, the distribution of Treact 

without MPL for anode 80% RH and cathode 80% RH 

is higher than the other conditions, while there is a 

small difference in the distribution of Treact among 

different RH conditions with MPL. 

At Tini = 100 °C, the distributions of Treact are 

relatively flat, i.e. whose variability is within ±0.5 °C 
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and almost the same among the different RH conditions 

without MPL. In addition, the distributions of Treact 

with MPL are almost the same among the different RH 

conditions. 

The more even temperature distribution and higher 

power generation performance are obtained in case 

without MPL compared to case with MPL. It provides 

a relationship between temperature distribution and 

power generation performance. 

It can be proposed that combination of thin PEM and 

thin GDL without MPL is desirable for more power 

generation under relatively higher temperature 

operation condition than usual. 
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