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Foudagii 2.

H, —» 2H" +2¢e anode process (2.1)
%0, +2e + 2H — H,0 cathode process (2.2)
H,+ 20, — H,0O over all process (2.3)
ANODE INLET CATHODE INLET
LOAD
HoH.H, O B0, Q.. M,
l L | | i
H* or
— <
Membrane
Catalyst Catalyst
—» H;0 drag
H.0O diffusion <—
H,0 H,0
} }
ANODE INLET CATHODE INLET
H0, T, 00,01,

U7 2.2 mainaueEa s meINAY luTguNaA1ans

(http://hyperphysics.phyastr.gsu.edu/hbase/thermo/electro.html)
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AMNVUILUUNTZIA (Current density) Tunidasiaes milliampares per square centimeter

2 dl d” -dl-dl 1 o dg’c{d a dl a aaa rdp a
(mA/cm”) FanunniluFanisiinne ‘LI‘EI‘L'JELL‘V]Lﬂ@ﬂ{]ﬂ?ﬁl’]ﬂ’]ﬂium@@L“ﬁ’ﬂL‘WﬂQ GRENFIY

3 1

AINUITANTNINNIINUBBTARITALNASIFAaN IV characteristic curve A3gL7 2.4

dj o/ o 6 1 1 o/ 1
BILAANAIMNANNUTTENI ﬂ"J’ﬁ\Iﬁ]’NﬁﬂEﬂ,Wﬁ’]LL@ZW]’]MM‘HW LLuuﬂ?ZLL@VLW‘W’]

Theoretical EMF or Ideal Voltage —

Region of Activation Polarization
/ (Reaction Rate Loss})

1.0+ Total Loss
%
8
g Region of
et Concentration Polarization
& (Gas Transport Loss)
Region of Chmic Polarization

0,5J- (Resistance Loss)

Operation Voltage, V, Curve

Current Density {(mA/cm2)

9117 2.4 N9 MUAAIANNANAUS T2 UINIANHENANTUAT AT HILIUUUTBINITUA

(Fuel Cell Handbook, 2000)
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(1) mmmmammL%TfaLéqﬂ,ﬁ'ﬁ?mmmzﬁmmmilﬁmﬂﬁﬁ?‘mqqﬁqimﬁmw‘a (3190
reaction rate loss

(2) ANNATUNIUTAY proton exchange membrane NN IHAMNAINIINIUNTTHN
Tlsmausnas (3andn resistance loss

(3) ALFNUN LTI FUNNTUN S LA LA gz aNnTzIE )R N N0 LA 1

ARNATAUANAY 38IN91 resistance loss

1
Al ey

(4) AHNANANTARAALNRIAINERTINITUNG JnTRANTeanTLIau luac LFwn1g
g llgduaessaialfisen anzipaatuiutiiinasluagauniseenuninle
dgl dl a aaa v a 1
wunlunsinlfnsentiasad (3anan gas transport loss
AMNGRANAANNANINININNA HENAFRDN1IAAAIUBIANNANANE Fendn Twan g
(Polarization) TiflupnianiRvaseIas oW TNAY sz ANSNnIas AR maINAIaELNE
Teannaninanlsisdi (Polarization curve) TLAAIANNANRUSITUIANNF9ANTLAY
nszud A Neanannmasmenad Inglsr@nininaaddamasasiiudndaulnanseiy
a A 1

£3 1
ANNNANNANTATONITARITOINAY YTRANNUUNLUULBAN1A WA (Power density) Taun e

AINNARRITENINANNA AN TUAMNUWLILNIzUua IR (Current density)

241 Twailsidduniaai (Chemical Polarization)

Inan s duni19uAiviTe Activation polarization AziAn lUTI9LINTBINITAARIUE
AN AN AT RATA KT INE ImﬂLﬁﬁ%MLﬁ@ﬂ@’]ﬂﬁﬁ]?’]Lg‘ﬁﬂ@\iﬂﬂﬂﬁﬁﬂﬁﬁ?ﬂ’] (Reaction
rate) AN ﬁqﬂﬁﬁ?mﬁ%q'aﬂumﬁmﬂiﬂﬁ

A & A+ € (2.5)
luanizfidansasazbifinszualifinluatinused snsnafndjisansuaunisd

25 andreldanwiriuaineanludiedeegluaniazanga uiilefinszualniinluasen
anead an3nianalfAsanandieldaanazuinndtaineanlldie uazdnedlnfnag
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ARNINNLTANLTRLNA L‘L&@\‘l"’\’mﬂm?’]L‘i")?.l‘ﬂ\‘lﬂ{]ﬂﬁ‘ﬂ’ﬂ‘l/\lﬁ’]Lﬂll?lu@ilﬂ‘]_lv\l@ﬂfﬂuﬂﬁ‘zﬁ]
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o

(Activation energy) tneilfiisenaviintuldseiiatuianarasansidindjisedndasnu

GINIINANIUNTTEN FINATUNITHUTRINRARAL T NAge iadaLALNATIuTY
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242 TwalsidduiiaiannANAIuNIYe (Resistance Polarization)

ANNAIUNIUIDLTABLTALNAILAALLAINIAINANAL 2L NAUTRIAILTAR LA T
srnaudag ANAIUNILaadq Wil a1sazatadidninglan wazasslsznauiiiilu
ALANNIANNAURILTAS LALLANIZATELTARLTALNAILLLLN NI URAN L At uTUsnau

s dld v A d‘ -] v 'ﬂl (]| a fd’ o Y v

AN UNRAMNANUNIUNIN AD IWHILTURnInENAITLaIan T 1ad Tetinlaaaulsdas)
nINgNTaTaNLNIAviTalLg Tnan lslrdiasainANF N ludaanansaadns I nnan
Toadu denanslugiin 2.3 Gallaoudniusuuuidunsaiumnuuuuiunszua (Current

density)

243 TwalsidduiiasainauLl Ny (Concentration Polarization)
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AAAINIUNLUNIIN LA INTNge NsanasTasANseAntitiasinaindadanialunig
1 d’l a = % a Y o ré’ a dl o [ £ [V~ o %’/ ail/da( I o
ANeIBINANTaseent lnd Wiumadmemasaaiusesldiluduaunin veliauegiu

ANNANNITD N TUNIANT (Diffusion)  teedn lnfl e 1 lunnsnannss g il ludaen d
ANMILiEeInszualiiings  uazilenisiiadisendeluindA1ge azifunalinany
% % %’/ v dl % a aaa k% a o v o
dinduaesanssissiuanaaiiasarndnaniafindfisenaindaallaaiage vinliaansu
1a9ANTAIFUANAY uNa i And IAnanasn nannisreaiiugs (Nerst's equation) 69
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Wa  E ANANANANT AN (Volts)

a

E Aa AnANsneAnd i ﬁfqmmmmmmﬁummﬂm
(25 °C, 1 atm) (Volts)

n A NuULBLANATaUsalNANA H, (Winfu 2

electron/molecule)

F Pa  uagmszudnuazezianilag fu Uszq 1 Bldnnasu

96,485 (Coulombs/electron-mol)

R A AnAsieeeinTariANWNGgL 8.314 J/(mol.K)
T Pa QuUgAinT (K)
P Aa Partial Pressure 184 H,, O, ilas H,0O

3 v 1

srULEARTRINAY lun JURTL WeAumuudunszuannauaziunainlie
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wadidemaiamusuandsullsney  flesdlszneundniidn L
Membrane Electrode Assembly (MEAS) meﬁ\igﬂﬁ' 25 Gsnnsinauadnefuiumiaes
fialtl DugUnsaivannssuaniinaiianii wansnafunsaiisadidemwasinmausuan
Wanulsmewiu alvnszuainiihedsseidedlag s fudesdansyus lninlus wad
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| ARDDE; H-;---I:H*-?Il.ﬁmﬂrﬁ
CATHODE: O+ 4 ELECTRONS +

AH* == 2 HD

Bipolar-Plate Gas Diffusion Layer ~ Membrane  Gas Diffusion Layer Bipolar-Plate
(Anode) with Catalyst with Catalyst {Cathode)

st 2.6 gUuunlasaiwinlilvesaading

(http://www.princeton.edu/.../ Hydrogen/fuelcells.html)
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(Cooling system)
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(1) TUALAZANNNUITDILNNLLITY

(2) dsunmuesiaisalfnsen

(3) ailnvesfaisalfizen

(4) 1iakazAaNTRYIRITUNNIUNT1BIAT (Gas diffusion layer)

(5) PNALNLINHNI99R9A LT NOL LIRS LT LINAY

(6) AIMNANUNUUTNENER (Contact resistance)

(7) sUuuvrestasnnamuing (Gas flow field pattern)
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2522 421N (Electrode)
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ARaLLLN (Norbeck azmanly, 1996)

.H— Platinum
[ |

-

Platinum

Carbon

Tonomer Ionomer

7N 2.7 mawreudiaugduuuresda liuuudsased fisenlddwiumadimeinas

afawNniLsuwanasulilsnen (Norbeck WazADLY, 1996)
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2523 A959Uf)n3en (Catalyst)
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a) Parallel Channels 152 Parallel-Serpentine Channel
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A) Discontinuous Channels
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4) Spiral Channel
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1 ampere of current = 1 coulomb of electron per second
1 coulomb of electron per second = 6.241506 x 10" electrons per second
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aA + bB - cC + dD (2.7)
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T 0™ (2.9)
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Hydrogen consumption rate = 0.116229X Amps X 60 second (1118l sccm) (2.11)
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Hydrogen consumption rate = 0.116229Xn_, X Amps X 60 second (1149l sccm) (2.12)
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Water production rate = 93.3576 X Amps — (2.16)
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Water production rate = 93.3576 Xn__, X Amps — (2.17)
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