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. �

�ª¶*�î; �ò*æö ÒÏ>º �¦ 5 Ú¦ &ÛV¢ Û"� >w VÚ~ ç&Ûêf Nê¢ G;� ¶ò& 

�*b� ��Vö «K>Úæº �Ê�j ¶Ú'b� �W~&
. � �Ê�j �Ï~� G;� ãÖ 10~20ª� ã"
� êö Ûê 8� n;>îbæ� &Û G;~ö &� �ÖWj Ëç�Ò > ®îb�, �� &æ &Û~ 'Ëj �
C� > ®î
. G; Ëj~ �çj .¾� > ®º ç& Ûê& 100% ¦"~ '�öB æ³'b� G;j >¯�
ãÖ bB~ J·ÿ Úæ �Ë~ ö�� F > ®îbæ� 
þ� "~& jº~&
. &ÛV¢ Û"� >wVÚº F
ï� Ã&�>� &Û>º ·f Ã&~¾, ¢; Fï �ç� >� � Ã&�� 6²~º ãËj �&º� �º &ÛV
¢ Û"~º VÚ~ Ú~ �* 'Ëö V�� ©b� º;>Úê
. 

Abstractaa The humidification measurement system designed in laboratory was used to measure relative humidity and
temperature of reaction gases passing through internal or external humidifier which was used in proton exchange
membrane fuel cell test station. The relative humidity of gases was stabilized after 10~20 minutes and thus credibility
of data could be assured. The effect of relative humidity on fuel cell performance could be analyzed by humidity
measurement system. Extreme caution was needed to avoid humidity sensor mal-function or failure which is probable
in experiment of high humidity condition near 100%. The amount of water carried by gas through humidifier was
increased along the flow rate of gas. However, the extent of increase was lowered at high gas flow rate. These phe-
nomena could be analyzed as residence time effect of gas in humidifier.
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1. B  � 

�ò*æº .>� �'�æº ~ã^Bf zC�ò~ �.
^B¢ �Ö� &Ú ö.æ�B "Ïj A� ®b�, 21̂ V F
�VF 5 Öë" &N~� B�B '« ��Bö ��Nb�
B WËÆÒKj �;A� ®
. V�~ �Ê��
 ¸f ö.
æ ÎN" ~ã �zKj &æ� ®bæ� ¶ÿN 5 B* ¦
^~ 
Ïzö ¸f *�j ��"� ®
. �� «~~ �ò*
æ 7öBê �ª¶*�î; �ò*æ(PEMFC)º &ó�, �Â
K��, &NöB Ú*F > ®
º Ë6b� �~� 
� �ò
*æö j~� �"ö ôf ��& ��Úæ� ®
. 

PEMFCö ÒÏ>º *�î ïf anodef cathode~ ªÒï

~ ��" �N*êÚ� ÒÏ>Úê
. *�î ï~ *êWf
&>z(hydration state)ç�ö F;'� jf &ê¢ ��º�
&>z ç�& ¸j>� Ö>� *êWj �F~² B
1,2). �
�¾ &Ûç�& jº �çb� ¸j ãÖöº b~ ï� ;W
>Ú &Ê R"ê& /Ï® ÎÚæ� �ò*æ~ WË� &~
B
. ��æ� �ò*æ~ Ö>� WËj áV *�Bº �/
VÚ¢ '.~² &Û�Êº VF� jº~
.
*Ò �ò*æö ÒÏ>º &ÛO»b�º Ú¦&Û(internal

humidification)" �¦&Û(external humidification) 5 ç7 b
ªÒ(direct water injection) �� ®
. �**æ¾ jv' Ïï
� 'f stack~ ãÖöº �¦&Û� "� ÒÏ>�, Ïï� ¢
;�Î �ç� stack~ ãÖöº Ú¦&Û~ ;�& FÒ~
�
� > ®
. 
�¦&Ûf ¢>'b� 6Ò ÒÏ>� ®º VÚ �ö
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(bubbling)ö ~� O»b� b� jòê ÏV¢ �/VÚ& Û
"�b�B &Û� >� VÚ~ �Ò6 �.� Ï�~
º �
6j &æ� ®
. Ú¦&Ûf b� R"F > ®º ;ïj
stack Ú¦ö ÒÏ~� VÚÛê¢ ¸�º O»" ç7 *�î
ïj &Û~º O», 
�W bipolar plateö ~� &Û �� ®

. b� R"� > ®º �ª¶ïj Ò�ö v� �ãf �/
&Ê& æ¾&� 
� ãf b� æ¾&² Jê�
. ïj Û"
� b� &Û>² �b�� º&'� Nê�.j � jº& ì
�, &Û>º b~ Vz�� stack~ ï'ö ç7 V�� > ®

º Ë6� ®
. �{~ VÚ¢ �/~� �^� b «¶¢
B��Êº ç7 b ªÒ &ÛO» 5 �� &æ �VF BB
� ��Úæ� ®
3-7). 

PEMFC çÏz BBö ®Ú ö.æ ÎNö ç7'� �&�
®º �Ê�~ �'z Jê& j>'�
. �/>º VÚö &
� &Û~ ��f stack 5 �Ê� Jêö ®Ú �J~�¢ �
7º� �Wº² 7~ ~¾��, �©f *Ú �Ê�~ WË, Î
N 5 &Ïö "B 'Ëj �� > ®
. 
� ��öBº PEMFCö ÒÏ>Úæº �¦ 5 Ú¦ &ÛV
¢ Û"� VÚ~ &Û¶ò& 
�*b� ��Vö «K>Úæ
º G;�Ê�j ¶Ú'b� �W� ê �ÖWö &� 
þj
>¯~&b�, �**æ~ WËæz¢ Û~� &Û VF~ jº
Wj {�� > ®î
. 6� &Û~ "º �¶� �/>º V
Ú~ Fïö &� 
þj Û~� &ÛB VÚ~ &Û ;ê 5
&Û �¶ö &� ��¢ >¯~&
. 

2. 
  þ

2.1. �* *æ WË ï& 
�* *æ~ WË 
þö ÒÏB MEA(membrane and

electrode assembly)º E-tekÒ~ 1.0 mg Pt/cm2� *�j
membraneö 135oC, 1 MtonöB 90. ÿn {O~� B��
ê 
þj >¯~&
. Electronic loadº Hewlett PackardÒ~
HP-6060B¢ ÒÏ~&b�, � ��
öB BB� programö ~
~� *{" *~ 8� ¶ÿ'b� ��Vö «K>º �Ê�
j ÒÏ~� �ò*æ 
þj >¯~&
. 

2.2. &Û¦ ï& �Ê� �»
�/>º VÚ& &ÛB ;ê¢ G;~V *� �Ê�j

Figures 1" 2ö ¾æÚî
. Figure 1~ ãÖº �¦ &Û G
; Ë~(external humidification system)¢ ��"�, Figure 2
º Ú¦ &Û G; Ë~(internal humidification system)¢ ¾
æÚ� ®
. � �Ê�
f �/>º VÚ¢ &Û�Êº &Û
¦(humidifier section)f &ÛB VÚ~ ç&Ûêf Nê ¶ò
¢ {�~º G; Ë~¦(hygrometer vessel)� �W>Ú®
. 
Ûê G; Ë~º &ÛVöB ¾Jº VÚ~ &Û ;ê¢ ;
{® G;~V *~� Ûêê(hygrometer)& Ë«F > ®ê�
B·~� ÒÏ~&b�, ¶^� Ë~ê¢ Figure 1ö {&~�
¾æÚî
. VÚ~ F«OËj Ûê 6æV(sensor)f ç'b�
V~~� &ÛVöB ¾Jº VÚ~ &Û ;ê¢ Î"'b� G
;� > ®ê� ~&
. VÚ~ VÂ ¦*º JÏ~² B·~�
Ûê G; Ë~ Ú¦ö b� w»>z¢ê Î"'b� VÂF
> ®² �b�B º~~º bö ~� Ûê G;~ JN& �
²z F > ®ê� Jê~&
. Ûê G; Ë~~ ç¦öº �
�� î² VÚ& F«F > ®ê� B·�b�� G;Û Ú¦
ö º~B >ªj B�� > ®ê� ~&�, �³
þj >¯�

ãÖ G;8~ .Vz ç�¢ Fæ� > ®ê� ~&
. >²f
*V' bB& bÒ� ãÖ B�� > ®º 
þç *þWj
ã6�ÊV *~� &Û G;ö ÒÏB Ûêêº O�;
humidity and temperature unitj ÒÏ~&b�, power
supplyº SEMI powerter¢ ÒÏ~&
. OmegaÒ~ flexible
heating tape" �'*¶~ :æ^ Nê�.ê� DX-DCSNG
control unit" TPRj ÒÏ~� Ûê G; Ë~~ Nê¢ �
.~&
. Ûêf Nê& ¢;�* *Ïî
 ¶ÿ G;>Ú �
�Vö excel ;�� &ËF > ®º ÚB¢ �»~&
.

þö ÒÏB �¦ &ÛVº diffuser¢ Û~� bubbling�
F > ®ê� JêB 1600 cm3~ ©j ÒÏ~&b�, Ú¦ &
ÛVº ¶Ú'b� Jê~� B·� 7/ �'� 50 cm2� ©
j ÒÏ~&
.

3. Ö" 5 �V 

3.1. &Ûö &� WË æz 
�/>º VÚ& &ÛV¢ Û"� ê �ò*æö F«>º ã
Öf &ÛV¢ Û"~æ pf �� VÚ& �ò*æö F«>
º ãÖ¢ �**æ~ WË
þb� jv�b�B &Û~ jº
Wö &~� Þ/~�¶ �
. Figure 3f VÚ~ &Ûö &�
WË æz¢ ¾æÞ ©�
. �òVÚ& &ÛB ç�� �/>

Fig. 1. Humidity measurement system for external humidification.

Fig. 2. Humidity measurement system for internal humidification.
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º ãÖº >²Gj 90oC� Ö²Gj 85oC� &ÛV~ Nê¢
Fæ�b�� ç{~ ��~öB 80oC� Ú*>Úæº �ò*
æö Ïª� >ª� �/>ê� ~&
. &Û>æ pf VÚ&
�/>º ãÖº �ò*æ Nê¢ ç{öB 80oC� Fæ~�B
>²f Ö²VÚ¢ çNöB ��B ç�� �/~&
. v ã
Ö~ WËj jv~� ��, �/VÚ~ &Û� ��Úê ãÖ
öº 0.6 [V]öB 800 [mA/cm2]¢ ��º� j~� �/VÚ
~ &Û� ��Úææ pf ãÖöº 250 [mA/cm2]� WË&
~& ¾æÎj {�� > ®î
. �f ?� &Û>æ pf V
Ú& &ÛB ãÖö j~� 1/3 ;ê Ôf WËj ��º �F
º çN~ ��VÚ& �Nb� Ú*>º �ò*æ Ú� F«
Nb�B ç&Ûê N�ö ~~� *�î ï~ >ªj ¢}j
&B ��z¢ &³z�Êº ©b� �C� > ®
. �� �~
� *�î ï~ *êW� &~>� WË� Ôjæ² >º ©�

. V¢B Ö>� WË~ �ò*æ¢ {�~V *�Bº *�
î ïö Ïª� >ª� �/>Ú¢ ~�, �¢ *~� �/VÚ
¢ '.® &Û�Êº VF� jº~
º ©j {�� > ®î

. 
� 
þöBº �"ö ô� ÒÏ>Úæº Ú¦f �¦ &Û
O»öB~ Fï, Nê 5 &Ê «~ö &� &Ûç�¢ {�~
�¶ 
þj >¯~&
. ��� 
þj Û~� �ò*æ~ W
Ëj Ëç�Ú" ÿ�ö ®jº� ö.æ ¶
j .6�b�B
�ò*æ~ çÏz BBö �:æ� > ®j ©b� Òò>Ú
ê
. 

3.2. &Û G; �Ê�~ �ÖW �þ
&Û 
þöB G;B Ûê 8~ �Öê¢ {�~V *~�
¢;Nêf Fïj Fæ~�B �*ö &� ç& Ûê~ æz
¢ G;~º n;z ;êö &� 
þj >¯~&
. �¦&Û
O»öBº &ÛVf Ûê G; Ë~~ Nê¢ ÿ¢~² �º
Ú 
þj >¯~&b�, Ú¦&ÛöBº stackb� F«>º
b~ Nêf Ûê G; Ë~~ Nê¢ ÿ¢~² �¾ ç�öB

þj >¯~&
. &Ïï stackö "� ÒÏ>º Ú¦&Ûö
Bº ôf VÚ Fï� jº~æ� 60oCöB >²~ VÚ F
ïj 0.5~10 [l/min]b� æz�Ê�B 
þj >¯~&b� �

Ö"¢ Figure 4ö ¾æÚî
. Ú¦&Û~ ãÖ ç&Ûê 8ö

² æz& ®îb¾ 20ª� ã"� êö n;z>º ©j &
V� > ®î
.
�* 5 ²Ïï �ò*æö "� ÒÏ>º �¦&ÛöBº N
ê¢ 40oC, Fïj 1 [l/min]b� �;�Ê� VÚ¢ «~ê�
"«~� 
þj >¯~&b� �*ö &� ç&Ûê~ æz¢
Figure 5ö ¾æÚî
. �¦&Û~ ãÖ 10�ª� ã"� êö
ç&Ûê 8� n;z>º ©j &V� > ®î
. 
þj >¯
~V *ö ÛêG; Ë~Ú¦¢ î²� purge~&V r^ö
Figures 4f 5öB " > ®º :f ?� .V 2~3ª ÚöB
ç&Ûê 8� /Ï® æz~&
. 
þ æ>ö &� �³ 
þ
j >¯� ãÖ G;8~ .Vz ç�& >îrj ¾æÞ
.
10~20ªã" êö Î� VÚ~ ç&Ûê& n;zNj " >
®îb�, �¢ �Ï~� �� &æ &Û~ 'Ëj �C� >

Fig. 3. Effect of humidification on performance T(H2/cell/O2) = 90/
80/85°C, P(H2/O2) = 1/1 atm.

Fig. 4. Transient response of relative humidity (internal humidi-
fication).

Fig. 5. Transient response of relative humidity (external humidi-
fication). 
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®î
. �b� B�>º �¦&Û 5 Ú¦&Û~ ç&Ûê G
;8f Figures 4f 5öB ��& :f ?� ¢;� 8b� n
;zB ç�~ Ö"¢ �~� ÒÏ~&
. 

Figure 6f Ûê G; Ë~~ Nêö V� ç&Ûê~ æz
¢ ¾æÞ ©�
. &ÛV~ Nê¢ 30oCf 50oC� ¢;~²
Fæ~� Ûê G; Ë~~ Nê¢ &ÛVö &�B -5oC
~10oC� æz�Ê�B ç&Ûê¢ G;� 
þ Ö"�
. �/
>Úæº VÚ�º Ö²¢ ÒÏ~&b� 1 [l/min]~ Fïb�
�/~&
. Figure 6öB " > ®º :f ?� Ûê G; Ë
~~ Nê& Ã&�>� ç&Ûê& 6²~º ©j &V� >
®î
. &Û>º ;ê¢ {�~V *�Bº ç&Ûêê 7º~
æò Nêö &� V&6� F > ®º ÃV{" �/>º b
~ ·ö &� �Cê ��Ú^¢ �
. ÛêêöB 
�*b�
G;B Nêf ç&Ûê¢ �Ï~� ÃV{j êÖ� > ®
.
�f ?� êÖB ÃV{j �Ï~� VÚ~ Fïö &� &Û
>º b~ ·j � (1)j ÒÏ~� êÖ� > ®
. � (1)öB
j¾Î¶ Aº >ÃV¢ ¾æÚ�, Bº ��� VÚ¢ ¾æÚ�
®
8).

(1)

N : water phase [mol/min]
P : vapor pressure [mmHg] 
V : input gas volume rate [l/min] 
R : gas constant
T : absolute temperature [K]

Figure 6öB B�B ç&Ûê¢ ÃV{b� *~~� êÖ�
Ö"¢ Figure 7ö ¾æÚî
. Figure 7öB " > ®º :f
?� &ÛVf Ûê G; Ë~~ Nê N�¢ -5oC~10oC�
æz�Bê ÃV{f �² æ~æ pº ©j &V� > ®î
.
&ÛVf Ûê G; Ë~~ Nê¢ 
�² Fæ� ãÖ ç&Û
êº Nê& Ã&�ö V¢ F;'� 6²¢ ��æò, ÃV{
f �² æz>æ pb�B ¢;� 8j <º ãËj �&
.

�f ?f *çf &ÛV~ Nê& ¢;~² Fæ>V r^ö
�/>º VÚö &Û>º ·f ¢;~
º ©j ��"� ®
º ©�
. V¢B &ÛVf Ûê G; Ë~~ NêN�& B�
~�ê �ö &� ¶ò& ®b� �ò*æö �/>º VÚ~
&Û;êö &� �Cöº ÚJæ� ìî
. ç&Ûê& 100%
¦" '�~ ��j G;� ãÖöº G;~~ êVJN º*
& {&F öò jî¢ G; Ëj~ �çj .¾~º ö��
>æ� 
þ� "~& º�>î
.

3.3. �/ VÚ~ Fïö &� &Û~ 'Ë
�¦ &ÛV¢ Û"� VÚ~ Fïö &� ç&Ûê~ æz
¢ Figure 8ö ¾æÚî
. &ÛVf Ûê G; Ë~~ Nê¢
40oC� ÿ¢~² Fæ� ç�öB VÚ~ �/Fï Ã&ö &
� ç&Ûê~ Ö"¢ ¾æÞ ©�
. Figure 8öB " > ®º

NA

PA

PB
=

PBVB

RT
–

PAVB

RT
=

Fig. 6. Relative humidity profiles along temperature difference
between hygrometer vessel and external humidifier.

FigUU 7. Vapor pressure profiles along temperature difference between
hygrometer vessel and external humidifier.

Fig. 8. Relative humidity and temperature profiles along gas flow
rate (external humidification).
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:f ?� VÚ~ Fï� Ã&�>� ç&Ûêê Ã&~º ©
j &V� > ®î
. ��¾ VÚ Fï~ Ã&ö &~� &Û
>º ·~ Ã&�� 6²~º ãËj " > ®îº�. �º �
/>º VÚ& &ÛV¢ Û"� r~ Ú~ �*" �ö Î"ö
~� 'Ëb� Òò>Úê
. �/>º VÚ~ Fï� 2 [l/min]
�~� ãÖöº Fï� Ã&�>� diffuserö ~� �ö *ç
" f~*ç� �B�^B &Û>º ·� Ã&~º ©b� Ò
òB
. 
Ú¦&Û 
þöB F«>º b~ Nêf Ûê G; Ë~~
Nê¢ 60oC� ÿ¢~² �;�Ê� b~ Fïj 104 [ml/min]
b� Fæ� ��~öB VÚ Fïö &� ç&Ûê~ æz¢
Figure 9ö ¾æÚî
. Figure 9öB " > ®º :f ?�
VÚ~ Fï� 0.5 [l/min]� ãÖöº ç&Ûê& Ôf 8j
��
& 0.7~3 [l/min]~ º*öBº ¢;� 8j Fæ~� �
�ç~ º*öBº 
� 6²~º ãËj ¾æÚî
. VÚ~
Fï� 0.5 [l/min]� ãÖö ç&Ûê& Ôf ©ö &� ��
º 
² ÚJ�b¾ stack B· �öº &Ïï~ VÚFï� j
º~æ� 'f VÚFïö &� �Cf Nê >¯� ê³�
. 
VÚ~ Fï æzö &�B �ò*æö �/>º b~ ·b
� ~Ö~&jr Fï� Ã&�>� �/>º *Ú b~ ·f
Ã&~º ©j " > ®î
. �º � (1)öB ��"º :f
?� �/>º VÚ Fï~ Ã&& ç&Ûêf Nêö ~~�
êÖB ÃV{~ 6²¢ �j� ©b�B 
B� &Û>º b
~ .&ïf Ã&~º ©b� ¾æÂ
. Ú¦&Û~ ãÖö V
Ú& ¢; Fïræº ç&Ûê& ¢;~² Fæ>
&, ¢;
Fï �ç� >� 6²~º ãË" �¢ b~ ·b� ~Ö�
ãÖöº VÚ Fï~ Ã&ö &� �/>º b~ ·~ Ã&�
� 6²~º ©j &V� > ®î
. �f ?f *çf �/>
º VÚ& Ú¦&ÛV¢ Û"~º Ú~ �*~ 'Ëö V��
©b� º;>Úê
. �ª¶*�î; �ò*æ~ Ú*ö ®Ú
B b~ ·ê 7º~æò ç&Ûêê 7º� º²�
. �ò*

æ�¦V �W>º b~ ·" �¦�¦V �/>º b~ ·�
¦�� ãÖ *�î ï~ *êW� &~>Ú WË� Ôjî >
®�, >&� b~ ·� "¯b� �Ò� ãÖöº {Ö[ö >
ï� ;W>Ú VÚ�/� /Ï® *Ú
Ú WË� Ôjî >
®
. ��ê� �'~ &Û��j êÂ~� Ú*� ãÖ �ò
*æ¢ �ÎN� Fæ� > ®j ©�
.

4. Ö �

�/>º VÚ& &ÛV¢ Û"~� �ò*æ� F«>º ã
Öf ��� �V& �ò*æ� F«>º ãÖ¢ �* *æ W
Ë 
þj Û~� jv~&
. �ò*æöB Ö>� WËj {
�~V *�Bº *�î ïö Ïª� >ªj �/�¢ �
º
Ò
j {�� > ®î
. �ª¶*�î; �ò*æöB ÒÏ>
º &ÛV¢ Û"~º VÚ~ ç&Ûêf Nê& 
�*b� G
;>Ú ��Vö ¶ò¢ »'~º �Ê�j ¶Ú �W~&
.
10~20ª� ã"� êö ç&Ûê 8� n;z>º ©j &V�
> ®îb�, �f ?f Ëj¢ ÒÏ~� �� &æ &Û~ '
Ëö &� �ò*æ~ WËj �C� > ®î
. &ÛVf Ûê
G; Ë~~ Nê N�& B�~�ê �ö &� ¶ò& ®b�
&Û 'Ëj �C~º �º ÚJæ� ìî
.
VÚ~ Fï� Ã&�>� &Û>º ·f Ã&~¾, ¢; F
ï �ç� >� � Ã&�� 6²~º ©f &ÛV¢ Û"~º
VÚ Ú~�*~ 'Ëö V�� ©b� º;>Úê
. � ãÖ
ö &Û>º b~ ·ê 7º~æò ç&Ûêê 7º� º²�
æ� ��ê� �'~ &Û��j êÂ~� Ú*~�¢ò �ò
*æ¢ �ÎN� Fæ� > ®j ©�
.
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