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Non-contact Measurement of H,O Concentration in a Fuel Cell Channel
by Tunable Diode Laser Absorption Spectroscopy

Kosuke NISHIDA*>, Shohji TSUSHIMA, Kazuhiro TERANISHI,
Shuichiro HIRAI and Katsuhiko FUKUZATO

*3 Department of Mechanical and System Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan

Polymer electrolyte fuel cell (PEFC) is a promising candidate for mobile and vehicle
applications and distributed power systems due to its high power density and low operation
temperature. However, water management in a cathode gas channel is essential for high performance
operation of PEFC because oxygen needs to be sufficiently supplied to reaction sites. In this study,
we have developed the non-contact measurement technique of water vapor concentration in a gas
channel of PEFC using tunable diode laser absorption spectroscopy (TDLAS). Transient profiles of
water vapor concentration in an operating PEFC are accurately estimated by this technique and the
effects of operating conditions and channel structure on H,O concentration in a fuel cell channel are
clarified.
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Fig.1 Calculated absorption spectra of H,O based on
HITRAN2004 at various gas concentrations
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Fig.2 System configuration of TDLAS
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Fig.5 Effect of current density on water vapor concentration in a cathode channel of PEFC operating at 20°C
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Fig.6 Effect of oxygen flow rate on water vapor concentration in a cathode channel of PEFC operating at 40°C

(MEA) Oiffl]l % i DEER T, S HITEDsh
fET7 27 UARO I NR—T 1 — N TEH. G0 21
KEBIUOmFELL, 7/ —FK, #Y—RAUIOE I
—7 L— M ER TG S D EEERICET
DB 3mm OEENRE 9 ORITTBE, IN—T1
— FNIZHHS SN TR BB L ORI Z OB @A D
7=, Y= REIEEE~EVIAEND. BV —
R AP REAIL L — Y E I ST 5720, Y —
RO T _R—=T7 L — b O—FIATET T AR (BX
1.5mm) %M\ TWn5.
4. HAERBEINH YV — FRER
KERK[BREIZRIZTTEZE

X 4 1ZR &5 KB PEFC BV & FAWT, JEBHER
BRIRE 20°C CHFEL BltA L, BHRIERRED & H )1 i
TE e I LR SERERO N Y — R AFRENIC
BT DK KIRE ORRFEAL A2 X 5173, KF ot
HhIIK AR OEFE S, Bl IR ER LG O ORFM %
#9. FE7-, TDLAS ¥ AT LI K 5 EHHIHE R & R
2, 7 —7 R E - o — (VAISALA £, HMI41)
ZHOWTOKRARREOWEZITo TR E 7 ey T
R 20C FIZEB T ZIRIBE Y o —DORIEREE (F
RHEEE) 13 +2%RH (0~90%RH ) , =3%RH (90
~100%RH ¥f) T&H Y, TDLASIZ X % et & Mk
T2 ETHAaRWEREERT 5. KK, BROME
T ARENZ DOV T L4 % 30ml/min, 60ml/min & L7-.
RS o —o7 a—7HARIRESNEL I D

72®, TDLASIZ X 2FHANEIZE L < EBT 5238,
FHOPEERITBRBORRLS —&KLTRBY, HEHR
BEREOHEMNE & HITREKIRED B LT fEH i\ 23
D BRI R 03A/m? B EI2725 &, TDLAS
WX DEHIMEASSIICIE T LTV D, ZHUEH A
WIS TRRROEMENSEZ D, L—Y 2 BE4 55
ZOXE FICKENFEL TWAE D EEZBND.
5. ABEREERERUVBRERENHY—F
REBEAKEREEICRIZTEE

JE P BR BEIRE 40°C T PEFC &L s L, Fesiin &
% 30ml/min B X 60ml/min & L7=HFD A > — RN{AIA
APRIEPNTIT D KRR ORI S b A X 6 12”7
AITER O JE PHIEE 20°C T TRV 2 @i S84 13 1
B LD 0.3A/cm” TRy DEEREDSBREA L Tzl
%t L, 40°C T Cififiz S H7-5A41% 0.8A/em’ IC_EH &+
THKRKDOERENAE L TR LT, FPHREREZ b
AIEDHZLICLY, mEREE THKT ORI
TR BRLTENLND. FTm, Y — Rfitiad
%R % 30ml/min 7> 5 60ml/min (ZHEN S5 2
LT, TN OKESIRE L FIF 5 Z LN TE, K
SyOEHEE LTI K SEBENRDH 5. BBHEN
30ml/min DEIIKZETIREE DK 4% Z2ET D &, it
BN DO KGr DEREDPIIR L TWDDIZX L, 60ml/min
DL 4% 52 THEENAE L TE LT, Zhlk
60ml/min DIGEDIE S NHDERBEE 2@ TX, £
OFER, FREPNESOIREE DS 30ml/min DHAIZ T

—246—



PR P2 R U — PR R K BRIt R R P AR ZR SRR B O Hee it 1 1631

Current collector
\III,V O,i\j r st channel Water droplet
A
1 1
@ : =
|| @ |
1 I~ 1
1 1
: n :
! 3 :
. ™~ :
! g !
1 1
o O\

Fig.8 In-situ visualization of the single serpentine flow

Fig.7 Schematic diagram of the single serpentine flow field field of PEFC

of PEFC
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Fig.9 Transient profile of water vapor concentration in the serpentine cathode gas channel at 0.1A/m’
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