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Abstract: For improving the performance of stationary PEFC (polymer electrolyte fuel cell) system, the cell operating temperature up 
to 90 °C will be preferred in Japan during the period from 2020 to 2030. To understand the operation of the PEFC system under 
relatively high temperature conditions, detail heat and mass transfer analysis is required. The purpose of this study is to analyze the 
impact of relative humidity of supply gas on temperature distribution on the backside of separator in single cell of PEFC using 
Nafion membrane at higher temperature e.g. 90 °C. The in-plane temperature distribution when power was being generated was 
measured using thermograph with various relative humidity of supply gases. It was found that the in-plane temperature distribution at 
the anode was more even than that at the cathode irrespective of the relative humidity of supply gas at the anode and the cathode. The 
temperature elevated along gas flow through the gas channel at the cathode irrespective of relative humidity of supply gas at the 
anode and the cathode. The in-plane temperature distribution at the cathode was narrower with the increase in Tini irrespective of 
relative humidity of supply gas at the cathode, while it was not observed when changing the relative humidity of supply gas at the 
anode. When the relative humidity of supply gas at cathode decreased, the in-plane temperature distribution at the anode was wider 
compared to decreasing the relative humidity of supply gas at the anode. The study concluded that the impact of relative humidity of 
supply gas at both anode and cathode had little impact on the in-plane temperature distribution at the cathode. 
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1. Introduction 

PEFC (polymer electrolyte fuel cell) has many 

attractive features including high power density, quick 

start-up and relatively high energy conversion efficiency. 

However, several technical obstacles hinder its 

widespread commercialization for transportation and 

stationary application. Technical constraints on the 

operation of PEFC include inadequate water/humidity 

and heat management, intolerance to impurities such 

as CO, sluggish electrochemical cathode kinetics and 
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their high cost [1].  

The current PEFC has Nafion membrane and is 

usually operated within the temperature range between 

60 °C and 80 °C [2, 3]. It is desired that PEFC 

operating temperature could be increased to 90 °C for 

stationary applications during period from 2020 to 

2030 in Japan (according to NEDO road map 2010 

[4]). The PEFC operated at a higher operating 

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 
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and allowing the PEFC to use lower quality reformed 

hydrogen [5]. 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. 

This study focuses on the PEFC’s in-plane 

temperature distribution as the local hot spot may 

cause thermal decomposition of the PEM (proton 

exchange membrane) and thermal stress caused by the 

uneven temperature distribution may break the PEM 

[6, 7]. It is well known that PEFC’s local (generating) 

performance and local temperature are closely related, 

since operational temperature has significant impacts 

on electrochemical reaction kinetics, while local 

current density determines the local heat generation 

rate and thus the local temperature. Furthermore, some 

critical occurrences in the PEFC, such as water 

flooding, membrane dehydration, and even cell failure 

due to overheating, also depend on both local 

temperature and local current density [8]. Although 

many studies have measured the temperature 

distribution in a single cell of PEFC, they all used 

thermocouples to measure the temperature [8-12]. The 

insertion of thermocouples can influence the power 

generation performance and temperature measurement 

accuracy remarkably due to leakage in gases [13, 14]. 

Therefore, a non-contact and in-situ measurement 

method is promising in order to measure the 

temperature distribution in the cell more accurately 

without disturbing the heat and mass transfer 

phenomena during PEFC power generation. Previous 

studies [7, 15, 16] have reported that the results on 

temperature distribution (measured by non-contact 

thermograph) only in low operation temperature range 

up to 60 °C and under dry gases supply conditions. 

Little study has been undertaken to reveal the 

temperature distribution in high temperature range 

from 70 °C to 80 °C or even higher, except the 

research done by the authors [17-20]. 

Furthermore, the impact of relative humidity of 

supply gases to the anode and the cathode, on in-plane 

temperature distribution has never been investigated 

for high operation temperature range of 90 °C to 

100 °C. Objective of this study is to investigate the 

impact. In this study, the in-plane temperature 

distributions on backside of separator of cell at the 

anode and the cathode were measured using 

thermograph, under power generation with various 

initial operational temperatures of the cell (which was 

equal to the temperature of supply gases at inlet) and 

relative humidity of supply gases. The voltage and 

load current were also acquired for performance 

analysis of PEFC.  

2. PEFC Experiment System 

2.1 Experimental Apparatus and Procedure 

Single cell of PEFC (MC-25-SC-NH, Reactive 

Innovations) was used in this study in which Nafion 

115 was used as PEM. The specifications of 

components of single cell of PEFC are given in Table 

1. The in-plane temperature measurements procedure 

is shown in Fig. 1. The width and height of the 

observation window, which were equal to those of the 

electrode, were 50 mm and 50 mm, respectively. To 

prevent gas leak, the width and height of hole made in 

hot water passage plate were set at 40 mm and 50 mm, 

respectively. 

The  in-plane  temperature  distribution  on  the 

backside of separator at the anode or the cathode was 

measured through the observation widow using 

thermograph (Thermotracer TH9100WL, NIPPON 

AVIONICS Co., Ltd.) and analyzed by software 

(TH91-702, NIPPON AVIONICS Co., Ltd.). To 

minimize the measurement error caused by roughness 

and reflection of separator surface, a black body tape 

(HB-250, OPTIX) with thickness of 0.1 mm, was 

fitted on the backside of separator. The emissivity of 

this black body tape under this experimental condition 

was measured prior to the experiment. The impact on 

power generation output due to the observation 

window was very little. The pre-experiment condition 
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Table 1  Specifications of components of single cell of PEFC. 

Parts Size Characteristics 

PEM (Polymer electrolyte membrane) 50.0 mm × 50.0 mm × 0.13 mm Nafion 115 (produced by Du Pont. Corp.) 

Catalyst layer 50.0 mm × 50.0 mm (attached with PEM) Pt/C (20 wt% Pt loading) 

GDL (Gas diffusion layer) 50.0 mm × 50.0 mm × 0.17 mm 
TGP-H060 (Carbon paper)  
(produced by Toray Corp.) 

Separator 
75.4 mm × 75.4 mm × 2.00 mm  
(Gas supply area: 50.0 mm × 50.0 mm) 

Carbon graphite, Serpentine 

Hot water passage plate 75.4 mm × 75.4 mm × 2.00 mm  Carbon graphite 

Current collector Area: 6937 mm2, thickness: 2.00 mm Copper coated with gold 

End block 110 mm × 110 mm × 12.7 mm Aluminum 
 

 
Fig. 1  Temperature measurement procedure of single cell of PEFC with observation window. 
 

was taken as the initial operational temperature of cell 

at 70 °C and the relative humidity of both supply gases 

at 80% RH (with and without observation window). 

During the pre-experiment condition, voltages at the 

current density of 0.80 A/cm2 for the anode and 

cathode observation were decreased by making 

observation window only by 4% and 7%, respectively.  

In the experimental set-up, all sides of the cell, 

except observation window side and the opposite side 

to observation window, were thermally insulated. The 

single cell was operated at high load current density of 

0.80 A/cm2, when the in-plane temperature 

distribution caused by reaction heat was measured 

using thermograph. Under this condition, the 

temperature of single cell was able to be maintained 

over the initial operation temperature set without 

being heated by silicon rubber heater. In other words, 

the cell could maintain the temperature over the initial 

operation temperature with the heat generated by 

electrochemical reaction without external heat input. 
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According to the manufacturer, the thermal 

conductivities of PEM, GDL (gas diffusion layer) and 

separator are 0.195 W/(m·K), 1.7 W/(m·K) and 25 

W/(m·K), respectively. Meanwhile, the thermal 

conductivities of hot water passage plate, current 

collector and end block are 25 W/(m·K), 380 W/(m·K) 

and 220 W/(m·K), respectively. Since the thermal 

conductivities of hot water passage plate, current 

collector and end block, which were located outside of 

separator, are much bigger than those of PEM, GDL 

and separator, it was observed that the impact of 

ambient air on temperature distribution was negligible. 

Since the gas leak had occurred without hot water 

passage plate, which was assembled in a commercial 

cell in advance, the hot water passage plate, but 

without flowing hot water, was introduced for 

preventing gas leak purposed. 

The experimental conditions and parameters are 

given in Table 2. The experimental set-up is shown in 

Fig. 2. The temperatures of supply gases at the inlet of 

the cell were controlled to the same as initial operation 

temperature of cell (Tini). The relative humidity of 

supply gases at the inlet of the cell was set in the range 

from 40% RH to 80% RH. The relative humidity of 

supply gases was managed using a humidifier and a 

dew point meter (HMT337FC, VAISALA). The flow 

rates of supply gases, which were pure H2 for the 

anode and pure O2 for the cathode, were set at the 

stoichiometric ratios of 1.5, 2.0 and 3.0. The flow rate 

of supply gases at the inlet of the cell was controlled 

through the mass flow controller (5850E, BROOKS 

INSTRUMENT). The flow rate of supply gas, which 

equals to the stoichiometric ratio of 1.0, is decided 

from Eq. (1). 
 

Table 2  Experimental conditions. 

Initial operation temperature of cell (Tini) (°C) 80, 90, 100 
Load current of cell (A)  
(Current density of cell (A/cm2)) 

20 
(0.80)  

Supply gas condition 

 Anode Cathode 

Gas type H2 (purity: 99.995 vol%) O2 (purity: 99.995 vol%) 

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

Relative humidity of supply gas (%RH) 40, 60, 80 40, 60, 80 

Pressure of supply gas at inlet (absolute) (MPa) 0.4 0.4 

Flow rate of supply gas at inlet (NL/min) (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  Schematic drawing of experimental set-up. 
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              (1) 

where CH2
 is the molar flow rate of supplied H2 

(mol/s), I is the load current (A) = (C/s), n is the 

valence ion (= 2) (-), F is Faraday constant (= 96,500) 

(C/mol). CH2
 equals to the amount of supplied H2 of 

the stoichiometric ratio of 1.0. CO2
 which is the molar 

flow rate of supplied O2 (mol/s) is half of CH2
, 

according to Eq. (2): 

H2 + 1/2O2 = H2O          (2) 

In the experimental set-up, the load current of 

PEFC was controlled through the electric load device 

(PLZ603W, KIKUSUI ELECTRONICS CORP.). 

Load voltage with reference to the current density was 

measured using the electric load device. 

In this study, the single cell was heated for start-up 

using the silicon rubber heater (Silicon rubber heater 

MG, OM Heater), which was set up around the end 

block. In this start-up process, H2 and O2 were also 

heated at Tini before being supplied into the cell. After 

attaining the cell temperature at Tini, the power 

generation was started and changed through the load 

variation. Under the steady state loading conditions, 

flow rates of supply gases at the inlet and outlet of the 

cell and temperature distribution (measured using 

thermograph) were kept steady state over 30 min. 

2.2 Temperature Data Analysis 

In this study, the in-plane temperature distribution 

image obtained by using the thermograph was 

analyzed by segmented evaluation of cross sectional 

area. The in-plane temperature distribution image was 

divided into the area, whose vertical and horizontal 

length were 10 mm and 10 mm, respectively, as 

shown in Fig. 3. These 20 areas were named from A 

to T followed by the gas flow through the gas channel. 

The temperature averaged in each area was obtained. 

As to the areas of A and T, the temperature was 

averaged in the area, where the insulator covering the 

gas pipe did not disturb the detection of infrared ray 

by the thermograph. 

 
Fig. 3  Schematic drawing of experimental set-up. 
 

To evaluate the in-plane temperature distribution 

under the different operation conditions quantitatively, 

the temperature difference Ti – Tave (°C) has been used, 

where Ti is the average temperature in each area (A to 

T) and Tave is the average temperature in whole 

observation area. 

3. Results and Discussion 

3.1 Power Generation Characteristics 

Table 3 lists the average total voltage for each 

experimental condition. “The average total voltage” 

means the total voltage of the single cell obtained by 

averaging the data during the steady state power 

generation period under the specific power output 

operating condition. In this table, s.r. means the 

stoichiometric ratio. At Tini of 100 °C, the power 

generation at the relative humidity of supply gas of 

40% RH at the anode could not be carried out. 

It can be seen from Table 3 that the average total 

voltage decreased with decrease in relative humidity 

of supply gases irrespective of Tini except for the 

stoichiometric ratio and relative humidity of supply 

gas at the cathode are 1.5 and 40% RH, respectively at 

Tini of 100 °C. The proton conductivity of PEM 

depends on water content in the Nafion membrane, 

which is shown in Eq. (3) [21] and it decreases with 

decrease in relative humidity of supply gas. 
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(3) 

where σ is the proton conductivity of PEM (Ω/cm),  



Impact of Relative Humidity of Supply Gas on Temperature Distributions in Single Cell of Polymer 
Electrolyte Fuel Cell When Operated at High Temperature 

  

711

 

Table 3  Comparison of power generation performance. 

Anode 80% RH 60% RH 40% RH 

Cathode 80% RH 60% RH 40% RH 80% RH 

Tini (°C) 80 90 100 80 90 100 80 90 100 80 90 100 80 90 100 

s.r. = 1.5 0.45 V 0.44 V 0.25 V 0.42 V 0.38 V 0.20 V 0.35 V 0.34 V 0.23 V 0.39 V 0.31 V 0.15 V 0.34 V 0.21 V - 

s.r. = 2.0 0.44 V 0.43 V 0.25 V 0.41 V 0.37 V 0.23 V 0.35 V 0.34 V 0.21 V 0.37 V 0.29 V 0.16 V 0.32 V 0.23 V - 

s.r. = 3.0 0.43 V 0.42 V 0.26 V 0.41 V 0.36 V 0.20V 0.34 V 0.34 V 0.17 V 0.36 V 0.28 V 0.17 V 0.29 V 0.22 V - 
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Fig. 4  Relationship between saturated vapor pressure and 
temperature. 
 

 is the water content in PEM (mol-H2O/mol-SO3
-), 

TPEM is the temperature of PEM (°C). In addition, at 

higher Tini, the saturated vapor pressure increases 

exponentially as shown in Fig. 4 [22]. Since the cell 

was heated by the power generated, the cell 

temperature during power generation was higher than 

the temperature of supply gases. If the temperature 

elevation is the same among the different Tini 

conditions, the actual relative humidity in the cell 

decreases with increase in Tini due to the exponential 

increase in saturation vapor pressure. Since the actual 

relative humidity deceased at high Tini, the proton 

conductivity of PEM decreased, resulting in lower 

power generation performance. 

3.2 In-plane Temperature Distribution for Changing 

the Relative Humidity of Supply Gas at the Cathode 

Figs. 5-7 show the in-plane temperature 

distributions at the anode when the relative humidity 

of supply gas at the cathode was changed. The local 

temperature deviations to the average value, Ti – Tave, 

are plotted for Tini of 80 °C, 90 °C and 100 °C, 

respectively. In-plane temperature distributions at the 

cathode are given in Figs. 8-10 and the local 

temperature deviations to the average value, Ti – Tave, 

are also plotted for Tini of 80 °C, 90 °C and 100 °C.  
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Fig. 5  In-plane temperature distribution at the anode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 80% RH; relative humidity of supply gas at the 
cathode: 80% RH). 
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Fig. 6  In-plane temperature distribution at the anode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 80% RH; relative humidity of supply gas at the 
cathode: 60% RH). 
 

Comparing the in-plane temperature distribution at 

the anode with that at the cathode, the in-plane 

temperature distribution at the anode was more even 

than that at the cathode, especially under higher 

relative humidity condition. The reasons are thought 

to be that (1) the thermal conductivity of H2 is higher 

than that of O2 [23], and (2) the flow rate of H2 was 

higher than that of O2 (Table 2) in this study. 

Therefore, it was considered that the convective heat 

transfer at the anode might be stronger than that at the  
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Fig. 7  In-plane temperature distribution at the anode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 80% RH; relative humidity of supply gas at the 
cathode: 40% RH). 
 

cathode. On the other hand, it was observed that the 

temperature elevated but not significantly, along gas 

flow through gas channel at the cathode irrespective  

of Tini and the relative humidity of supply gas at    

the cathode. Since the gas was humidified by the 

produced water along the gas flow, the power 

generation was improved by humidification of PEM, 

resulting in larger heat generation. On the other hand, 

the heat retained by sensible heat of water droplet and 

decrease in power generation due to gas diffusion  
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Fig. 8  In-plane temperature distribution at the cathode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 80% RH; relative humidity of supply gas at the 
cathode: 80% RH). 
 

inhibition by liquid water might have occurred at 

some areas at the cathode. It was also seen that the 

in-plane temperature distribution at the cathode was 

narrower with the increase in Tini. Since it was easy to 

be dehydrated, it was difficult to promote the power 

generation performance along the gas flow at higher 

Tini. 

The reason of the observed temperature drops in the 

areas of P or Q (in Fig. 3) for the anode and the  
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Fig. 9  In-plane temperature distribution at the cathode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 80% RH; relative humidity of supply gas at the 
cathode: 60% RH). 
 

cathode is that these areas were located at the corner 

of latter half of serpentine channel, the liquid waters 

might have been remaining there [24, 25]. In addition, 

it was also observed that the temperature dropped in 

the area of T which is the outlet of separator, and it is 

believed that the liquid water is easy to be 

accumulated there. Due to the occurrence of liquid 

water accumulation in GDL and gas channel in these 

areas, the decrease in power generation caused by gas  
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Fig. 10  In-plane temperature distribution at the cathode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 80% RH; relative humidity of supply gas at the 
cathode: 40% RH). 
 

diffusion inhibition might have occurred. According to 

Ref. [26] with experimental observation of water 

behavior in GDL and gas channel, the cross flow in 

GDL might have occurred under the rib area, which 

promotes the power generation around the area  

where the liquid water is accumulated. Regarding  

the area of D which was opposite side through the cell, 

it was located at the inlet of gas flow whose 

temperature was colder than the cell temperature, 

resulting in the temperature drop. 

It was observed that the in-plane temperature 

distribution at the anode was wider with the decrease 

in the relative humidity of supply gas at the cathode. 

The decrease makes the difference of water vapor 

concentration between the anode and the cathode 

larger, thus the water vapor transfer by diffusion from 

the anode to the cathode was promoted. Consequently, 

the power generation was promoted, resulting the 

temperature elevated by the generated heat. On the 

other hand, the impact of relative humidity of supply 

gas at the cathode on the in-plane temperature 

distribution at the cathode was little. This could be 

explained as that because the water vapor transfer 

from the anode to the cathode is caused by the osmotic 

drag of PEM, and the water generated by 

electrochemical reaction at the cathode, PEM and 

catalyst layer at the cathode were humidified easily 

even though the relative humidity of supply gas at the 

cathode was low. Consequently, there was little 

difference among the in-plane temperature distribution 

at the cathode under the different relative humidity of 

supply gases at the cathode. However, it was revealed 

that the larger temperature drop caused at the area of P 

for the condition that the relative humidity of the 

anode and the cathode were 80% RH and 40% RH, 

respectively. It was thought under this very low 

relative humidity condition, the humidification of 

PEM and catalyst layer at the cathode was not 

satisfactory. In addition, the gas flow rate was 

decreased by the gas consumption since the area of P 

was located in the latter half of serpentine separator. 

Therefore, the power generation performance was 

reduced, resulting in the temperature drop.  

3.2 In-plane Temperature Distribution for Changing 
the Relative Humidity of Supply Gas at the Anode 

Figs. 11-14  show  the  in-plane  temperature 

distributions at the anode and the cathode with various 

relative humidity of the supply gases at the anode. The 

differences of local temperature and the whole cell  
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Fig. 11  In-plane temperature distribution at the anode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 60% RH; relative humidity of supply gas at the 
cathode: 80% RH). 
 

average temperature, Ti – Tave, are plotted for Tini of 

80 °C, 90 °C and 100 °C, respectively. The testing of 

power generation at the relative humidity of supply 

gas of 40% RH at the anode when Tini was 100 °C 

could not be carried out in this study. 

Comparing the in-plane temperature distribution at 

the anode with that at the cathode, the in-plane 

temperature distribution at the anode was more even 

than that at the cathode irrespective of Tini and the 

relative humidity of supply gas at the anode. It was 
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Fig. 12  In-plane temperature distribution at the anode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 40% RH; relative humidity of supply gas at the 
cathode: 80% RH). 
 

considered that the convective heat transfer at the 

anode might be bigger than that at the cathode as the 

same as the conditions changing the relative humidity 

of supply gas at the cathode. In addition, the 

temperature elevated along gas flow through the gas 

channel at the cathode irrespective of Tini and the 

relative humidity of supply gas at the anode. Since the 

gas was humidified by the produced water along the 

gas channel, the power generation was improved by 

humidification of PEM, resulting in larger heat 

generation. As a result of high relative humidity of 

supply gas at the cathode, the O2 reduction reaction 

occurred in catalyst layer at the cathode which 

generated the heat proceeded well even Tini was 

100 °C. Consequently, the temperature elevated along 

gas flow through gas channel at the cathode at Tini of 

100 °C, which was the different tendency compared to 

the change of the relative humidity of supply gas at 

the cathode. 
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Fig. 13  In-plane temperature distribution at the cathode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 60% RH; relative humidity of supply gas at the 
cathode: 80% RH). 
 

It was observed that the temperature dropped in the 

areas of P, Q and T, which was caused by the    

same reason described in Section 3.1. Additionally, it 

was also observed that the temperature dropped at the 

area of D due to the same reason described in Section 

3.1. 

It was found that the impact of relative humidity of 

supply gas at the anode on the in-plane temperature 

distribution at the anode was little. If the water vapor 

concentration difference from the cathode to the anode  

Tini = 80 ℃

Tini = 90 ℃

-2

-1

0

1

2

A B C D E F G H I J K L M N O P Q R S T

T i
-T

av
e

(℃
)

Area

s.r.1.5 s.r.2.0 s.r.3.0

-2

-1

0

1

2

A B C D E F G H I J K L M N O P Q R S T

T i
-T

av
e

(℃
)

Area

s.r.1.5 s.r.2.0 s.r.3.0

 
Fig. 14  In-plane temperature distribution at the cathode 
evaluated by Ti - Tave (relative humidity of supply gas at the 
anode: 40% RH; relative humidity of supply gas at the 
cathode: 80% RH). 
 

is high, the water vapor transfer by back diffusion 

might occur. Therefore, the anode side was humidified, 

resulting that the in-plane temperature distribution at 

the anode was unchanged with the different relative 

humidity of supply gases at the anode. In addition, it 

was observed that the impact of relative humidity of 

supply gas at the anode on the in-plane temperature 

distribution at the cathode was little.  

The power generation performance decreased with 

the decrease in the relative humidity of supply gases 

of the anode and the cathode. It is believed that the 

wider temperature distribution causes the decrease in 

power generation performance. Therefore, it is 

necessary to keep the in-plane temperature distribution 

uniform in order to obtain the high power generation 

performance especially when Tini is high and the 

relative humidity of supply gas is low. Therefore, the 

reuse of water discharged from the outlet of the cell by 

recirculation pipe line may be helpful. 
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4. Conclusions 

In this study, the impact of relative humidity of 

supply gas on temperature distribution on the backside 

of separator in single cell of PEFC was analyzed 

under the power generation condition at relatively 

higher temperature. Based on the experimental results 

and analysis, the following points are concluded. 

(1) It was found that the average total voltage 

decreased with decrease in relative humidity of supply 

gases irrespective of Tini except for the stoichiometric 

ratio and relative humidity of supply gas at the cathode 

were 1.5% and 40% RH, respectively at Tini of 100 °C. 

(2) When changing relative humidity of supply gas 

at the anode and the cathode, the in-plane temperature 

distribution at the anode was more even than that at 

the cathode. The temperature would elevate along gas 

flow through the gas channel at the cathode 

irrespective of relative humidity of supply gas at the 

anode and the cathode. The in-plane temperature 

distribution at the cathode became narrower with the 

increase in Tini irrespective of the relative humidity of 

supply gas at the cathode, while it was not observed 

when changing the relative humidity of supply gas at 

the anode. 

(3) The in-plane temperature distribution at the 

anode became wider with the decrease in the relative 

humidity of supply gas at cathode, while the impact of 

relative humidity of supply gas at the anode on the 

in-plane temperature distribution at the anode was 

little. 

(4) It could be concluded that the impact of relative 

humidity of supply gas at the anode and the cathode 

on the in-plane temperature distributions at the 

cathode was little. 

(5) If we want to operate the PEFC using Nafion 

membrane under the high temperature and low relative 

humidity operation condition, the additional water 

management system is necessary. 
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