Rk 16 FFEXFEEE S - T AT —EMAS

o4

[ {4 & 0 T BRiR )L O Fe e & 22RO A

wER BH BIL
kB WL FEMr
T A BEWE fik*

»eB RE Aot
F B K HA*

Dehumidifying characteristics of polymer electrolyte dehumidifying cell and its application to air
conditioner
Takahiro Kyakuno*, student member, Kikuo Hattori*, student member, Takanobu Ikeda™, Non-member, Takuto Araki®,

member, Kazuo Onda*, member

Lots of the chlorofluorocarbon (CFC) has been released to atmosphere, resulting that the ozone layer in the stratosphere has been
destroyed by the released CFC. Therefore, air conditioners without using CFC have been required to be developed. One of the
candidates for such air conditioners is a combined conditioner of the dehumidifying cell by the proton exchange membrane (PEM)
and the air cooler by water evaporation. But, we need to understand the operating principle of the dehumidifying cell because the
performance of existing dehumidifying cells are not cleared. In this study, first we measured the transmissibility and the
electro-osmotic coefficient ny of water vapor through the membrane electrode assembly, the water vapor diffusivity through the
diffusion electrode, and the mass transfer coefficient between the flow in channel and the diffusion electrode, as important factors
to determine the dehumidifying performance, These factors were adopted in our analysis of the dehumidifying cell performance,
where the conservation equations of mass and energy with an equivalent electric circuit of the cell are solved simultaneously.
Calculated results can describe well the experimental dehumidifying performance. By using this simulation code we predicted the
coefficient of performance (COP) of our novel air conditioner, Calculated COP’ s for test cell are as small as 0.10 or 0.21, but

could be 4 when we can get the PEM with high n, of 5.
Fm— R MRlE)L, ZEEE, BAEESTE, BKBERE, RERER

Keywords : Dehumidifying cell, Air conditioner, Proton exchange membrane, Electro-osmotic coefficient, Coefficient of performance
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Tablel. Specification of dehumidifying cell

fem material, thickness, size
PEM Nafion117(thickness : 178pm)
MEA
Catalyst Anode Pt Ir, Cathode :Pt

Electrode area 10cm?
Diffusion Anode Ti fiber porous plate(thickness: 500um)
electrode | oo SUS fiber porous plate (thickness: 500pm)
Gas Flow Anode 8Parallel Paths(width:2mm,depth:0.3mm)
channel | cyode 8Paralle] Paths(width:2mm,depth:0.3mm)
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Table2. Comparison of experimental and numerical relative

humidity at outlets of dehumidifying cell
Type side Numerical Experimental
Water vapor electrolysis Anode 0.59 0.6
outlet Cathode 0.73 0.74
Water vapor pump Anode 0.59 0.59
outlet Cathode 0.73 0.74

*Humidity(temperature) of inlet gas is 0.43(24°C) at anode,
and 0.90(38°C) at cathode

50-18

measured Water vapor electrolysis type
»

PRI
16} ook -
caic
14k alculated
12- ¥
> I "\\
: 1oy o measured
E’ 08 Water vapor pump type
2 o6k Cell temperature: 40°C
Dew point temperature
044 Anode: 24°C, Cathode: 28°C
02 Supply gas flow rate: 400cc /nin
0.0

5l 1{0 1}5 2‘0
- Current density /mA-cm™
B4 -V B OB & KR O
Fig.14. Comparison of experimental and numerical
1"V characteristics
20 - Water vapor electrolysis type 15

Cell temperature 42°C

v Dew point temperature: 40°C (anode and cathode)
§ Total current: 0.12A )
& 15t Current density E
£ - / 10 :
~ R &
2 ) S .
2 10 / 8
@ Calculated 5
b B
€ {05 8
g sl S E
Q ]

MEA resistance by AC impedance meter =

0 00

0.0 0.5 1.0 15 20 25 39
Distance along flow channel /£m

15 #WERICmOBHREE L RIEHIOS A
Fig.15. Distribution of current density and MEA

resistance along flow channel

L— Y RELVEIZTEB)

# 2 CERBEVH A D O OMGHRE & A7 E & SLRE %
HEELTRT, B 14 CEREHECLS i—Vv Bhe itk
LTRT, BICHBEE OB TREL KRB ICHS
BRBESAER 15 1087, £2E 15 TR > E—
52 AR TR - 2 MEA OEFIO S A HR T FR &M
FE-HLTWHOT, AFHECLORERILOLEE
FHUTELZ NGNS, 15 THBRBED ML
DNTWBDIE, DEIBE & B OBk Thah
Sl EEILNS,

(4-4) BBENOEBEAOER  LLEBRAERET
&, KORRBBHEREAPE L ZARBEMAGDESZ &
LD, HLWERBENER TES00, fifiomiEzH
W, KBRGR THRD D IKEE KBRS RICLS
BRI ERNEREO coPERBEL., 7o icksm
IRZEFRMEOMRE S LB L T a2z, BB EAADRER
12C. NEBABRED 31CETHE, BRMNOAEER
LTk BMEH T ng=0.73 T COP=0.21 &78 0. KEZN
ST HBE T ng=037 T COP=0.10 &/a o7z, ZBEE —
RICHHETH EBERI TR0, BBV OBEEHD TN
B, Y — RTKRPBER L. BIEEIC L D IEkRRE RS
BB, COP IIKELZEBRARE VK< B>/, HEK
REORICEHBECRBETREENA, 707 R EOHBED
HEBAL T, KBEZBMH R EKRBER S THADE2
Wiko cop it (42) XTRIFTEMTEDY,



FR 16 FERAFEES - TALF

— MR =

81 Commercial air conditioner COP=4~51
Cooling capacity: 2.5kW /
External air:35°C 80%elative humidity  Water vap/pump
g1 Indoor temperature:27°C type

//////// L //7/ /// ‘;// /// 7
i ”////// / 7 /

/////4/ //%///7 e // //// /
~Cell temperature 32°C
/ Dew point temperature 31°C
(anode and cathode)

_Watervapor electrolsis
type

4 6
Electro-osmotic coefficient n,

THEE T m e

Water vapor pump type
COP=0.10 n =0.37)

- Water vapor electrohﬂs type
S COP=021 p,AT3)

M 16 B LOLZERHED COP D ngil
Wik O
Fig.16. Change of COP for novel air conditioner by ng

and its comparison with commercial air conditioner

748 +2(n, = Dy AC | dyygy o pye *F 1)+ 1)L

AG + 2Fy

.......... (42)
IOTER Ty T 1R VERAL Dyl
WEERT OB AR [em/s). AC EKKLBIE % [gem®).
Mmm,iMB\&%%@@®Aﬁ@émmfﬁéommﬁ
TKBEER T HRTRIY - R THOMBERT S0
/Mfiixu‘l‘a,ﬁﬁ’: VM\%W; TAS & AGHEIMA S, AEBRTHFEL
PMWWTimWMﬁﬁotﬁ%Lkﬁmméﬁjmm
mepnid, FHHBELVEKBEBICLI R ETRSKEL
0, COP BB 16 DE DK %ﬁ&@uﬁRW%%meﬁ
THD LD TS AR HEED Ol & O kRA %
R Ehn L5908 B L ng=5 © MEA fﬂ%ﬁ%’%éhh&i it}
RO 7T MM E FREORREERED - SiCh s, BIR
Tim IR ARSI ST, g ERETELRED
BTN TOLALLEITHDN, KERTHEDNS MEA X
ng=4 8OME LN TVWHDT, SHKEN 0 BRFD MEA D
WENHEa s,

5. LTY

WiV icEh NS B &S FIROKRKICHT 5 %R
BECHARBRK. BKHEROKRBRK. BROYEE
EAEEEAL, HohETF—E AW THRE VORI
et AT U ARG BM AN RAKEER > T HRORE
EBGERFFERRTD L/ ERE. TOREBERIVEK
DEBBRERFHT AIHABEMAEDELFL WERE
EREL, JOEREO coPEREL, WRO 7O EH
W U, AEWEO cop IMKELKEMB ST 0.21,
KGR T HR 010 &R DL, HRABRCHERD
£ D RRA T H N :fﬁ“ﬂ}i‘(:‘ SEHNE DA, HRKZEH
M ABEOMBERRE DI, 1 5 OBEBRBHREVPET
%4ykmﬂm)tom&\AMf® EIZ O EE R HAN
BRFEITOTERE R, BEE FREEHFOEFRERIC
%Kiz TWiNhE. ET2VRR 12, 13 FEI RITE BF WA

COP =

50-19

HOBWEZTEIEEMTL, ZIRNERNOEEE TS,

3 ik

(1) E. Kurosaki, K. Emoto, S. Yamauchi, H. Nakatani, T. Mochizuki, E.
Tsuchie and T. Hanada; “Reliability of Electrolytic Debumidifier Using
SPE Membrane”, The Fourteenth Annual Conference of Power & Energy
Society. IEE of Japan, Vol. B, p87(1998) (in Japanesc)

BESE, LA, (LNmER, hasE, BAWR, LB fEH
BB TEAR L SPE B O BRI #256, AR 10 £H) TR
W — Pk %, pBT(1998)

(2) S. Yamauchi, S. Sakuma, H. Nakatani and K. Mitsuda; “Mass Transfer
Equations of Electrolytic Water Removal Device Using Solid Polymer
Membrane”, T. IEE Japan, Vol..120-A, No.5, p607(2000) (in Japanese)
UIPIDaER, AR —, PRI, JCHE TS T EAR R &
AUk BRRBHEOKBEEE), BE¥2WEE, Vol120-A,
No.5, p607(2000)

(3) R Notsu, T. Morakami, T. Aoki and K. Onda; “Test of Novel Air
Conditioner by Solid-Polymer Debumidifying Cell”, #7-105, 2000 JEE
Japan, p3373(2000) (in Japanese)

HASE, #Lgck, BN, BER . TEAeRSTREE)E
Bl nERLoREB) #7181, TR 2 EEEFESLEKS,
P3373 (2000)

(4) K Onda, K Ito, T. Kyakuno and K. Hattori; “Study on Novel Air
Conditioner with Endothermic Water Vaporization and Dehumidification
by Cation Exchange Polymer Film”, RITE excellent research plan research
report meeting in the heisei 14 fiscal year, p95 (2003) (in Japanese)
Bk, PREY STRL BRERAL TROKRERE T
A BB & DI B F AT B B U VR ik OBFSE) RITE 850
PR 14 FEEP ARG R, p85 (2002)

(5) T. V.Nguen and R. E. White: “A Water and Heat Management Model for
Proton-Exchange-Membrane Fuel Cells”, J. Electrochem. Soc., Vol.140,
No.8, p2178(1993)

(6) K. Onda, T. Murakami, T. Hikosaka, M. kobayashi, R. Notsu and K
Ito; "Performance Analysis of Polymer-Electrolyte Water Electrolysis Cell
at a Small-unit Cell and Performance Prediction of Large Stacked Cell”, J.
Electrochem. Soc., Vol. 148, No. 8, p. A1069 (2002)

(7) W.M. Rohsenow and H. Y. Choi: “Heat, Mass and Momentum Transfer”,
Prentice-Hall, Inc., p405(1963)

(8) H Ymada and Y. Morimoto; “ Electro-osmotic Drag and Diffusion
Cocfficient of Water in Polymer Electrolyte Membrane” 3N19, J
Electrochem. Soc., 70th anniversary convention of foundation, p.316
(2003) (in Japanese)

L, AR Vlﬁiﬁﬁ%%ﬁ%ﬂﬁ@%‘ﬁ%ﬁ%%{a%%&%ﬁj
#3N19, BALAESRIST 70 AR RKE, p316(2003)

(9) EHRW : (EEESTERBEMOMRELIER), TX - Fa— -

LA, pal(2000)





