nslfutusnasaneatinAanfinadinszinisgydadndinfnainasuidndy

YRTABLTAINAITUADAN Lt FT LT

= o

WY INE AuanIWI U

N AN USUTUAIUNTNTBIN 1T AN ANNUAN AT YT R AN TN AN AR INUNTTUTG
ANATAANTINAE NIAITNAAINITNLAT
ANEAAINITNANART AYNAINTINUNINENAE

Un1sAnmn 2554

&

A1ANDVLIPAINTUNMNIN Y

v
o

unAndauazuilndeyaariuifinaasdnenfinusaustinisdnm 2554 HliEnsluadsiloyanqin (CUIR)
Huuindioyaestidndnaesdng Bwusngsinunwiussnaae
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)

are the thesis authors' files submitted through the Graduate School.



APPLICATION OF MATHEMATICAL MODEL FOR ANALYSIS OF CONCENTRATION
OVERPOTENTIAL LOSS OF SOLID OXIDE FUEL CELL

Mr. Chanwit Chansatirapanich

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2011

Copyright of Chulalongkorn University



o

¥
nIUa

a a =

WMENUNUS N3 ULLANAIN AR ANARSIN AT LATIZITNNI4 QLA

o

Andlninannaududuaasmasimawassianaan las

Wil
mel wnel weyIned auan Wt
AN AANsINLAT
O—dl a a 6 o Le o/ a 6
819178 NUTNEAINNANUTUAN 81979¢] A3, 25Ty whinAgneyd
ADIEAAINIINANARS AnaINIniNIMENAR aydR LA dnusaiutiiudou
UDINTANHIATNNANGAIUTEY QUINIMNTTIUTR

.................................................. ALLAATUEAAINTTUNANRAT

a7\

(389ANRRAINAN3ET AT, UEAN LAANTTUINA)

o

ATUZNTTNNITRDLANYN NS

................................................... 1928114N951NNT

(399ANEM3IA13E] A9, IUHAULARL RANANIA)

................................................... 2192 LEN NN AN UTUAN

................................................... NITNNIT

(Hdaepansansed m3. ausde a1nInldiaun)

................................................... NTFNNNTNNLUBNNININEINAE

(3R9ANARMIIANTE AT, ANANG ITNIAATE)



N
TeYIned AUATINUNT nslduundnasmendiaanfiieiinszdnig
goyideAndlnfinarnaanududuresisadidenasineanlofuds.
(APPLICATION OF MATHEMATICAL MODEL FOR ANALYSIS OF
CONCENTRATION OVERPOTENTIAL LOSS OF SOLID OXIDE FUEL

CELL) 2. NN Inaninusuan : 8. a3, 25ty wi ngnad, 189 wil,

muﬁﬁaﬁs{ﬂ%uuuﬁmmmqmﬁmmmhmm?mﬂmmama (mass transfer)
LATANINLINUBAIANIIZADLANNINA (triple-phase-boundary  length) L‘ﬁ@ﬁ’]uﬁﬁl
@mmmﬁa‘immé’wmﬂu%@LL@‘[umT/‘immmu filnatslsyaninndaueluntesisad
Foindriaeanlafuds (solid oxide fuel cell) FadenliannuAuRLIEIN9ANLEN
2940191 ua NNat AN sgLaadnd i inainaanududu (concentration
overpotential) lag/ lfannisnsiwguasila (Fick diffusion equation) WAZANNNFALANIL-
Wil ALAA (Stefan-Maxwell equation) uereaiialunisedunatiuiudadiwdslug
T30 mATlaln Ty (H,) wazArsuauNauanlas (CO) meludauetun ‘ﬁlfaqmmﬁ 750
AIANIATER ANAY 1 UTTENNNA HaLlTaNN1TEUIANATANINNTIATIZTDaAN-
LAzt fnveIanaz Lt ianis luduelun Tmmﬁ@ﬂﬁ’]mmﬁmmmgmﬂ
meludoueTundous 0.25 B 6.0 lailpsums meqﬁmmumquu;ﬁLL@'%‘@H@; 10 DI
90 Wi_ld’]ﬂm’ﬁm@léﬂ’]ﬂﬂﬁﬁlﬁlu%ﬁLL'ﬂI‘LAﬁLL@ZﬁWﬁ@ﬁQUﬁQWNW@UﬁN@ﬁ@ﬁi’]ﬂ’]i@ﬁl&llﬁﬂ
Andlinann AL dda0 AR T INGILAYAINNENITIAN L TBIaN NI asRI e

15u7m3 (volume specific triple-phase-boundary length) HAN1IATWITILAAS LFLTHWIN

1
o

dounTunaziilsc@nsningeganardndaumonunguatludosfaaas 50 13 60 NWA

v v 1
ayniangludowalun 1.0 0920 lulaswms Aaiunisiiuundneeiasaainegm

winzanrasioualund miumadianasainaanlaiudeilss@nsgeqn arunsndin

Iidnan1saruAnAdndIuA NNy auInaedeynIAnIe ludouaTun wazaunves

o

~ o
ANINIULRAEIDITTLL

ANATN AAINTINLAL AneNaTa AR
=
i



## 5270270121 : MAJOR CHEMICAL ENGINEERING
KEYWORDS : SOLID OXIDE FUEL CELL / CONCENTRATION OVERPOTENTIAL /
TRIPLE-PHASE-BOUNDARY LENGTH / MASS TRANSFER IN ANODE SUPPORT

CHANWIT CHANSATIRAPANICH : APPLICATION OF MATHEMATICAL
MODEL FOR ANALYSIS OF CONCENTRATION OVERPOTENTIAL LOSS
OF SOLID OXIDE FUEL CELL. ADVISOR : VARUN TAEPAISITPHONGSE,
Ph.D., 189 pp.

The research primarily used mathematical simulation of mass transfer and
triple-phase-boundary length to predict the appropriate anode structure that affected
the anode performance of solid oxide fuel cell, which connects the relationship of the
triple-phase-boundary length and the concentration ovepotential. The Fick diffusion
equation and Stefan-Maxwell equation were used as tools to explain the mole fraction
of hydrogen (H,) fuel and carbon monoxide (CO) fuel within the anode support at
750 °C and 1 atm, whereas the geometrical equation analysis of the anode structure
was used to analysis the triple-phase-boundary length. The grain size of the anode
support ranging from 0.25 to 6.0 micrometers and the porosity from 10 to 90 percent
were selected for simulation in this research. It was found that the grain size of anode
support and porosity affected the concentration overpotential and volume specific
triple-phase-boundary length. The results showed that the most effective
performance of anode support occurred at the porosity range of 50 to 60 percent
and at anode support grain size 1.0 to 2.0 micrometer. So, the appropriate structure
for the anode of solid oxide fuel cell with maximum efficiency can be achieved by

controlling porosity, grain size and pore size.
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Wilson et al. [7] HiauaANANNE19 898N 19218 Ua 1N a2 7 La TUA A ML AR 1T B NGRS
a & @ ‘dlv v oa v k2 @ v . .

1inaanlafudandnliaseiaandesqanssmiBidnasauuuudesnaasaelaesu (ion-beam scanning
electron microscopy) WL 4.28 x 10”° m/m’ LazaNUAaaI18s Janardhanan et al. [8] waz Deng et al.

2 =< o v 5’/ r_‘i = a @ a . .
9] lesenunsdnsnclasva¥enisluresdue lualeadauineyn1adidnnseiing (electronic  grain
size) Wihiuauinaynialaeadin (ionic grain size) uazdndaulneiffunmnsueanadiannseiind (volume
fraction of electronic phase) WinfudndulnalFunsreanaleaaiin (volume fraction of ionic phase)
1 = 1 a a d‘ ¥ rd’l a a & & a ail’ dJ ° 1
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ANLENITBNANNZIBLENNG e RsrnamanzanTesineuzlanaaneludanelun anda
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1.3 YRULAAIIUIRE

1. Wdemadlalnnaulunsinendaueluntessadideimnarineenlamuds Vifﬂqmmﬁ 750
B9ANTAEEE ANNAY 1 LTIBNNA

2. AnwTauiaungennsnnemugaa1sfaeaun1In1sunsaesila (Fick's  model)
wazaAnIU-LdAAY (Stefan-Maxwell  model) AMUAINMNITANTUNTRTLENG ANTINRIUAR

a o

X - > ., —~ v o y
damaineludoualun dudanatsnisiarnisgadadndinfinainanududunialudouatun
3. Mnguddsaminesuiafieruulasainanigludouelun dudenataAinane1azes
an1azaaua N asesdaneTuane lumaddamasainesn Lo
= [ o & 1 1 = o U U :’/ o 1
4. AnmarnduiusszudnernsgaydeAnd inannaududunigludque Tuadudiaoa
g7 U89AN19 LA NN ATasTana lus Mdanlagldnalssd@nininaasdonaluania lugadmaing
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2.1 viaaLIaLwag (Fuel Cell)

viadmanaIAe gUnsnfriauilenaiunsolinfiandssulningeanseusunimigiiineg
4 X . el o el o v i ame P
enaTuneluiaTe9aRmINAS Inamadimainasa s ldidemasldetnanainuais auetiusin
pavmadiiowas 1y wialalasiau (H,) wianfusuneuanlas (CO) ufiadinu (CH,) uazufiaainanu-
#iu (gasified coal) WA [1, 10, 11]
o o dl Y a e’dﬁl a v o o dl ] dl 1 o =l
ANHLENITNUN WA TR AR TR LN A AR L TLNITN UL BALLALAET AIUNAIAKAS
1 a o ¥ Yo X a | ' P Yy a 1% v P |
wadaeasaiudeslssunistlendamacetierefiauiagnisoaannacnuninldse o wa
WUALABITRA NI ALNAN U INAN IS TA luF e wanantmaddewass sl da il ldszuaunnsg
i tsivin T AanuaniInznisennAsn il iaNan1zn1adeeansag [2, 10]
nsldeuassrevaadimanazuAuluLl A.A. 1960 TaaldiduunaanassumyuRsuuue -
29NATBIBIANTTUNTN (NASA) Bawdasidemaesn g luasaiulduialalnsaududaihad  (reducing
agent) uarlfutdeandiauduseendlad (oxidizing agent) Wadidamasiuananazlindsaulnia
Y Y o8y a o eda & a £ o 9 o 1y va o cd a4 A e o
udn delinansiusimduinBgnanauasnansas uilaqiiulddnslfaadiiamaesnaasedsiusinug

srunauds enunnusdauyaes uazldiduunaainiandsnuluiinendy duwsu [3]

1 ¢ & a
2.1.1 d2uilsznauaa e fLTaLNG

° a

melumasidawasazisenaulddoadoutlsznaudndy 4 dousnanuna aaninglas

o

(Electrolyte) dqualum (Anode) daualnm (Cathode) LLﬂz'eJ/M,]L‘dﬂﬂWim:Md’NLsmﬁ(Interoonneot) %9

1srNaUITARLALIRENANHULFININT 2.1

o .
INTER

- =
FVIEINIRY

NN 2.1 Fe 989192 N AU TAR TDINAIA N ELLLTAR LN LU (Planar cell) [6]
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21.2 ﬁuﬂ‘ﬂ’ﬂﬂt‘ﬂﬂﬁl‘ﬁ’a bANAN

P '
a a a

luilaqiiudadaawasngnanfuuasinnnldauldasaaiaaiin Sautialssinnldnig

a

' '
o =

g ldeu uazdannlddudidninglasd alanfionlduazianiumluiaqiiu 1vvdu 6 aiin Al

Q a q

2.1.2.1 iasdatnastinaan1lal (Alkaline Fuel Cell, AFC)

wadmeasrlailauldasdidnnsladmdulldadanlansenlas (Potassium  hydroxide,
KOH) Afinauilgungi 50 19200 esreaidies depvevnadiiewasaiiniipe arsdianinglass

AlganIn waziiunudlss@ninansaniaeidanaslunisnannseua ingegnaesiaad

[%

De w2’

a

w@awmasriatinnladssunaudasas 70 [5] widaideAeadusealdinglalasiaulasiidaaandauini
a = o a - & a & A o t% ' o < o £ o
ANNUTANEAINTN Fununsudnvessasimenasriadluilaqiiuiuunliureud1ege Gannlinnsld
e X oaa He o . = . s
wasL e WAt iAANAneglanizaulud ety asdnisuan s dimendsiaiiiiy

wradanenseud i waztin lius ueanialulasaniseneala wazlasanisail [2, 12]

2122 iasmdainastnaNiusunanilagulilsaau (Proton Exchange Membrane
Fuel Cell, PEMFC)

duadiaanasinlddidninslaslugluuuuiuindwasuuuung Inalndwasntausioun 14

udianslasidantesnisdipe wueu (Nafion) Thaawmasduutalalnsiauuaziuniuas (CH,0H) &

forne LadiTomA el uianmIeuieanlszanni 50 fe 80 asAaaidea [6] 1481anTns-
& | @ =K = oI/ =< a & a o I 2 = o o 3

Tamiurasudsacllftlymnisftueesdidninglasuaziianisianseutias Aamunzdmniunisdeu

a4 A oy

luanastinuFeunazauniue widdedone decldimenaaniannutsgnagerinty uazlany

[
v a

unafitiu(Platinum, Pt) 1 ldnismadidainasinatilagiuisnangs [12]

Q

¢ & a  a
2.1.2.3 Leﬁ@@L‘ﬁ'ﬂLW@\?‘ﬂuﬂﬂﬂuﬂqilﬂwquﬂﬂiﬂﬂﬁﬁﬂ (Direct Methanol Fuel Cell, DMFC)

el A o X o X e  a a = 5
L“ﬁ@@lﬁ]’ﬂLW@\?‘HM@MQH‘WWH’]“H‘LAN’WWHLsﬂ@@lﬂ]’ﬂL‘W@\i“ﬁumLL‘]_I'LILNNLUiuLL@ﬂLﬂ@ﬂutﬂﬁ‘[ﬂ’ﬂu Tmes 1

X a | ¥ 1 a F2 1 a ~ Xo A a
L‘]]’ﬂLWZNLﬂULNV]’]u‘ﬂ@ﬂ@uHJ’WQLEﬂ@@LT@LW@\?iﬂIﬁﬁ[ﬂﬁ‘Q Léﬁ@@Lﬂmmeﬂjumummuw@mq:@qmugu

! a o &

1l921104 60 019 200 asANEaLTad [6] wazldalaninglamiidulnaiue SR T UImAR AN RITRALNN-

'
1 k7 o

a s o X ° Py a = Al o
wenwanulasullsnau wadatiaiiaunsaniauldnananinrgungiAeudiea aaumunzaunazimun
Wduundandasudimivgnealaidnnseiindutunnni 1y paularafuaufiay (Laptop)

ednyileane vireuuN IAus U MBI U A UAENA W INAN UL RN NN 1We A LTuE [12]
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2.1.2.4 \iaaldaindstdansanasanasn (Phosphoric Acid Fuel Cell, PAFC)

|
Y = a

wadiemasiaildnsanaanssn (H,PO,) iluansBianinslad vinsungoungitlszano 160

89210 esmzaiFus Sdedie Wuadiemadiannsaldiudemadldvaneiin iy ufalsdu
(Gasoline) wigeeindniuzdulunTusaniau adndlsfmudndugedldlansAinaudedlaluntsin
Ufnen viu Twmwaﬁﬁuﬁﬁmmﬁ@uﬁwqﬂuﬁwﬁu LLmrﬁTfammﬁﬁmwﬁqﬁqﬁwmha&i siwsdnann
Frudszandnmiunltunsuannszusianfledioufumadaiagu uazdndufeddanlseney

rdl 1 o ! v
FIARNNUNIUABNNTAANTALYBINIA AR [1]

2.1.2.5 AR TALNAITUALNARANSUDLUAKAAN (Molten Carbonate Fuel Cell, MCFC)

wadiaemasiinildasfiennsuaiun (Li,CO,) Tnnunafuamn (Na,CO,) wazlildaides-

PIFUBLA (K,CO,) Mnaanmaaiuansdianinglas [12] grungRlunisaiivauegi 630 1 650 09a-

D

c &

waded W memas Miumadmamasanaile Wy whalalasan uiaatfuaunauanlas wAaasINTINR

©

7 '
o A a

(Natural Gas) waziniudma (Diesel Fuel) wWugu [1] wasidewasariaiidedandndufe Ranioz

(7

gmnigaziianisansauresansaidninsladAaudeninasinldengnisldaumias [12]

2.1.2.6 1aaLIaINAITNnaan kaLge (Solid Oxide Fuel Cell, SOFC)

[%
=

a‘dsl a a ya & rd‘ | @ o a | IS
wadimawasdaildaidninsladniduresudainanansdsenauigsnfn iy irafladau-

aanlas (Zro,) ilugu Hguugilunisiieauilssunns 600 119 1000 asATaidas Hdenne mad

q al

a X '

X A e = o @ 9 . = o 1 jaaa Xo
LﬂmLWm‘m’mmmqu@qmmmmﬂmwLﬂumfa\ﬂﬁwmmifmumngqLﬂumu\ﬂﬂgmm UBNAMNUEN

A A a

annnsnlfimenacldvarnuanaaiin wu uialalasiaw ufanfueusenenlss uiainu (CH,) uiia-

a 23 | ¥ rd’l a a ;l/ ! ¢ v =
593NR wazufatwsinw (C,H,) sy wanzmadidamasaiiniinuniusaafusunauan e A W

¥ A v al

Y 1 d‘ o [ £ % o dl o/ v d‘ 1 =3
faseane faudunarlunisguiaTesuy uaranfludasaiandmuiiatlastuaanudauiiuiaanan ag
s srdatinnzunnisin lldssgnaldsaniunszusunisndanufaumas ianinngianidugu
£ o o a
FnsifinmamINegTLLReA [1, 2]

wadmawasriaean losudaanunsaualdaanidy 2 wia Inanisudenuasinaesdianinglas

Hyy o = 4 Ay aw - = 4 Ay A -
nldAe gtineandiauleaawmaaundiugianinglas wazaiinlalasaulosaunaauicuaidninglas

qu
=he

'
o

2.1.26.1 1inaandiaulaaauindaufiiiudraninglas

flaqifuitadmandsineanlafuimiaiildoulsenaunldinifavwme Slatlaaanlad (ans

nanszudnasindiulay, Niizro,) udaueTus wazuauniiu-usentlusf (La-manganite, LSM) 1w
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daualnm szndneindidnnsadanen-amd ladimasiaile (Yitria-stabilized zirconia, YSZ) wluaiéning

o o

lasdanutinidlusntineantiaulaaats saluning 2.2

NN 2.2 NI AR AT IAfan lnAuisatia laaauaataandialAdaa untNuaLan s las

(13]

a a

NINUIBNIARTe AT Hnaan LA udea s un g Ngeszanns 600 D9 1000 B9A0-

a

wadea Inanisvinanusamemnasiaeen lwaudaiudsluning 2.2 ndouana Tianazesesndiay

\
o a I~

azfugidnnsewasugihiflusendiauleasu tnglassuilazindeuntiugidninglasllinyfisefdu

% [
& a o A

dewnaslalaaundauatun Inalfisentlazliun uastiannseudass elfisenniniaauiae [1, 14]

£
o

fiauatup: H, >2H" +2e” (2-n)
fiduana: %oz +2 0% (2-)
Uffsensn: H, +%oz —>H,0 (2-m)

2.1.2.6.2 gialalasiaulaaauindaunmiuaaninglas

13

tlaqriunudgssiaainasaiaeendudaniaianinsladaiinlalasaulaesuipdauntnuiagoiy
a £ U 1 a a ‘ﬂl dl ] a & ‘ﬂl b3 a o &
Hautertiaundirtineentiaulaseurdeuniiugianinglas Wesainangnisldaueesdidninglasduas
%’/ a = dl?/ ! a a di dl 1 a rd‘ a a I d‘a
dndianmeadszaznanduningiineandiaulasauadsuntiusidninglasd Tufaanuaiiviaeluibe

wusamasgnilandnguiadiiamas [15]



v

Fatwtin = — Fwih

HanBeahuifiu T H ] P
: e : : 1 — 1RSI DU
e ' ]
L1 H* 1 1 HO
— | —- | S—
Hz | | A
- =i -
+
i L | =2
| 1 ' ]
1 1 ] 1
1 1 1 1
VHaWENT  —t— ! : ! ! <= pnmin

*
Haualum ! \ Taunlnn
SAnInslad
\
a

MW 2.3 Nnnaesasaanwastineen lwauiaisnlaaaueslalnaaundauiitinu aanmslas

[13]

wannisinuressasitemasrineanlasuislne l48ianinsladetinlalnsaulessundenn
| o ‘dl = o 3 % =2 o o va @ & a a ﬁﬂl ‘ﬂl '
udenind 2.3 Ingaziudnnisinauadiaaasiuiunisldadninsladatineendiaulasauntoun us
pnanunsstinaaddian nslasinldazuanlilenaulszquanaedlalnsiauindauitd vt uaznns
Nndfjisensnresadaziiandaunlng Bedianinsladniasldaziiu Metal-doped BaCeO, ¥38 Y-
doped BaCeO,lusi dan1svinauazalugaggmnmuniszindne 600 019900 aeAgadad uaziie

wWisuieuA1n1sngzua (Conductivity) wudinaslsianinslaseiialalasiaulessuindauiAnfiandn

nsldaaninslasaineandiaulaaauiadaunan19en1IMIRea e [1, 14]

2.1.2.6.3 ansazaadaadandrinaanlasudsngnaanuuuivaldnu

n. ANHOIENIINITUAN (Tubular Designs) Wwmasimamastinaan lofudsnaanuuiiugl

o 1 o A rd’l a a & Ay v [ 1%

N]NTTUEN UAPNFIRENAININT 2.4 ladiTemAstiineen lodudsuuunsanszuani fdnswmu 14
nngaiuazlingsn 25 Aladms aannsafaadineiigadinaansansruenane ] iwadusewdi

gnaulaeldudu Ni wWusa@man [12]

FanFaundeszwiagas

Aaninglas

Frualna

2NIA Haualuna

NN 2.4 AT INAITRAan lEALINan LN NIz LN [6]
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e

fannastasginsanszuen Aeldsacldaalszaruszudnsunlnauazualun uiddaidunal

1
o

, X Ade A A o - = a | o a A &
wAsseNLNALNe MELAUWLLEW] wariisAnganniiundifiasiiiedssnaunimiadeniciae [13]
2. ANHUTUHUKLY (Planar Designs) Wumasidamasineen lmudeieenuu lFNans e

duwiudsuandluning 2.5 lnangidnnsauazgidninsladazinliiduduune udunldizenseudng

adninsafudidninslasmnandannilugsniindvisalavsdanasfnilavuatasnanmigeuazide

q

Lo

¥ o adal

Tiufannud Wl usazimadaziiensariusadolszanunnusianiuiaugs wagneaanuuLAs3s Ul

' '
a a

wwrldudnaiiutadiiemasinaanlofuisnaaigniign [13]

TasLdaNsa

SENINLTRR

daualum

e

adninslas

daualnm

|BInA

NN 2.5 wadmanasTinean lnaudaanenis i [6]

A. aneouzTuluann (Monolithic design) HansauzAan1ng 2.6 umadidewwastineenlos
wishieenuuudnmuziindsed lussudrennsddaimuninialfinioneu Alied  Signal  Aerospace
Tnaddefiansunag 3 dsznis Aensliiaemasuassiseand indenudn  lugadluiiAniamaaiu wee
Tiinuasunsiuvzaanaliuluianimdaiu wadideamwasaiinaanladudeluan e il Wu i

C oA A A a d d 4 e X e oo
WA usanuige andumiaulauarfsgalanasimunaunnlddniunisiaunildasnis uaz

dszgnafldlunisanunanlszinneie

aqualng Aaninslas

aquaiun

BINA

Fanda

MNN 2.6 wadmawastiaean lasudedanuoz I Tuann [6]
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2.2 aun1slsingnisainisauang (The transport phenomena equation)

2.2.1 ﬂun’liﬂi’mgn’l’itﬁmimud’lﬂ (The equation continuity of system)

wansaglugilaasannisoamaifeannish (2-1) Amdueuidslaulassuuinauuuaniidge

(Cartesian coordinate) A9&NN199 (2-2) [16, 17]

op
—/— =(Ve (2‘1)
= (Vo)
op 0 0 0 (2-2)
L= v, +—pV, +—pV
at [axpvx ay aszJ
e P An ANMILLeredva, (glem®)

vov v A8 AMNE1892049 e THLULNY X, v WAY Z AMNANAL, (cm/s)
x' Vyr ¥z

2.2.2 gNN19N19LARAUN (The equation of motion)
P ~ = = A o a o
@Nﬂqﬁ‘ﬂ’]ﬂﬂ@ﬂu‘ﬂLL@ﬂQﬂ\iﬂqi‘Lﬂ@ﬂuLLﬂﬂ\?LL‘N‘W?@@mﬁ"]ﬂqﬁ‘Lﬂ@ﬂuLLﬂ@QINLﬁJuﬁ]Nluﬁ‘ﬁUU

annnsndawduannisadiaaanslideannisi 2-3)  Faduanniseglugluuunnines-muiges

(vector-tensor)

=V 4]+ rg (2-3)
t
e P An Wanduaslumusin (g.mole/(cm.s?))

° o ae X Ao el . . o 6 v Al =
AT HARTAITULUN A ALLLANSNEeY (Cartesian coordinate) N 1HANNIN (2-3) ANNITDLTEIL

ag luLUILNY X, y LAY Z LAANAIANNIIN (2-4), (2-5) UAY (2-6) ANNATAL

o (o, 0, @ (2-2)
P PVy [6X¢xx+ay¢yx+az¢sz+pgx

o a G 8 05
at/)vy:_[ax¢xy-’_ay¢yy+62¢zyj+pgy ( )

0 0 0 0 (2-6)
— N, = —¢, +—p, +—6, |+
ot PV, [ax ¢xz ay ¢yz o7 ¢ZZJ pgz
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2.2.3 ANN1TANNADIURIURINITANELNNIA (The equation continuity of species)

ANNNTANNARLEAIIRINTONIMNIAANT LansDanTilAsuLl aaRsRaLsa sl TnaLARS

lugtlaunisatinanansdnuiuans i laaail [16]

v.N]+Zor (2-7)
ot
b N, Aa NAandiTeluaa89817 i, (mol/(cm’.s))
c A8 ANNTULe9413 i, (moliem’)
R Ao AmaNIainUfATa12e9879 i, (moli(cm’s))

o

TuszuuiAYNRN (rectangular coordinates) #11N90LAAIANNNT IFATH

{aN-Y +EN', +6Ni,z}+aacti =R, (2-8)

2.2.4 N1SONAULNNIAE1S (Mass transfers)
2.2.41 ﬂ’l‘il,l,wé‘llaﬁmﬂqa (Molecular diffusion)

. , ML) . dn . 4 4
nstnawmuaagsiasnisunsaesluanaiiunisiaasuiizasiuanaludonansdsliinaauin

A o PP = X PP, ) P o o P ~
wrasanansndnisluauuusuEey (laminar flow) lunsalnduuia Tuianasiadinnsguiu udaAdauT
siald nnd 2.7 wassnisunsaaslaana n iouluiana 1 Inedulsaiudunisiunsannizan (1)

Ui (2) Msundiuilizanldgdndunisunsuingy (Molecular random diffusion) [18]

@

%)
@6

G

(@)
%oe°
@ OO

@
@
@

@

P
®

&

NN 2.7 Maundresiiianaiuugu [18]
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Tuana n enandsuilugnsnunianududuaes n gandnizanindnfls widhluneudusiuluana n
13w (1) N1nndiuden (2) Tana nwaeuianuEn (1) lludnn (2) sanndrisvm (2) lduson

d’ J ' a a a Aﬂl ¥ ¥ o a ¥ ¥ UI
(1) snwu’mmm';’mml,wmmmmmﬂmwmﬂummmemu@;ﬂﬂmummmmwam

2.2.4.2 NMSUNTAYALIEYU (Knudsen diffusion)

Wunisunsaasuiaiiugnguauiadnvdadesaunan (capilary) WaszznaeasiiuEana
wasuitagldauiuiuanadu (Mean free path) enandnduriugugnatspasluanasin Mliluena
o o | . oA o = v 0 0 Y o & » =
TuiuNTretesdnInnd Nazauiuiianaau [18-20] nasrumieinlinandanas aannisldngu]
anresuiaaunsaausnandnisundaeuiiaiu 16 deinliAuwsudulss@nanisunsaynian

(Knudsen diffusion coefficient) l8maannisselili

d d -
DKA _ __pore U= pore 8xNT — 4850d e L (2 9)
3 3\ AV, M,

& Y 5 £ i 2
Wa D, A Anisz@nanisundaynLau, (cm’/s)

. P8 Wuhugudnanuedasesgnqu, (cm)

u A9 ANNNISITRIATILNITUNS, (cm/s)

K Ao AAluasimE, 1.38 X 107 JK

N Aa wae1lannleg 6.022 X 10” Tuianasielua
- T, .

M,  Po dminianagesals i (g/mole)

T Aa guunRANyInd, (K)

2243 ﬁuﬂ%xawgnﬂiLLwé (Diffusion coefficient)

Fulszaninsunsinasduaiindmisedusraznisanindeaesseniaginan Tagsn
ﬁmﬂixaw’ﬁrmmwé%uﬂgﬁuqmuqﬁ AL kazdaulsznanaesszuy i lUudadudss@nnnsuns
aunsounldainnimaaes lunsalilianansamArainnimaseslderaazfiesldas Ao tneen
ﬁuﬂizaw'%fmmwéﬁuﬁ@&iummwuﬁ@ FutlszAnsnnsundaasuia dulseAnEnnsunizeteanan uag

FAulszAnanisuns luaeends waluntreunauedulss@nanisunsaasuiaiegasingaen

2.2.4.31 duilas@nin1sunsuauia (Gas diffusion coefficient)

a = ° o a £ ! I A e v o
rJﬁ‘Vﬂ\TV]q']fl’gsl,uﬂ’]?ﬂquqmmﬂﬂﬁ\z’ﬁWﬁﬂq?LLW?mﬂqLLﬂ@ NANNHAINUUILULAN ’Q:slfﬁmﬂﬁ\lgwm

= - o a o 2 Aa
Wqﬂ{]q@uﬁl@\?uﬂ@ﬂqﬂﬁ‘zﬂﬂu Iﬂﬁ@llll[ﬂ')qillL@q@”ﬂ@QLLﬂ@L‘Ll?‘ﬂ‘]_lL@N@u@ﬂéﬂqV’]V]i\?ﬂ@lﬂ/]llﬂ')']llﬂ\?gﬂ
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(rigid) ﬁLLa\‘mmﬁwmdwimma ANNFANFUATUIUANFNLFZRANT NN TVRILA AL A LA A N AN ADITTA

v
1 o

=~ o Lo lasa |
Nﬂqqﬂﬁu’]LLuuﬁl’]LﬂuLLUUiNNTQ (non-polar) LLZ‘]ZVLNV]’]ﬂQﬂT?J']m@ﬂu AN

1/2
ooomsser b1 1|

D - M, (2-10)
'J Poi,
{ A @ a £ \ L - \
) D, flo  audTEANDIMIUNT89anT | HNuesAUsznanans j, (cm?/s)
T Aa nuugRdnysal, (K)
M, M, Aa wwinluianaaesans i uaz |, (g/mole)
A o
P AR AINA, (atm)
! An  fulsauunia-lauduesans i inuesAilsznauans j, (10"°m)
A o/ % 1 1 1 - .
5 An  faudsliuingaesAinisaugaN (collision integral)

Tunnsldannng (2-10) azfeamnsuasAfaulsianunfa-laudresans i nuesAdsenaudns j wazfauds
15mingreaa1n1srusaNTA s i ndaseaA N1 smuda N T uiafdu iy KT [ g, R & WluAn
o ~ o ! A = y o , N o Y oA
nAwURLansunszinssndaianaindleiiugad () Inern o uansenadaunsalnuiag it

o i o aNa o = of i\l T 2 ~ o
nszviseiu necinufadunsenanaegy lifiusanssinsieriu A o Asinadeauwliain 1.0 [9] s

wls o, 0, ua g @1113090 MpRENITATNI AN NAHANR LS e 1L

g =0.77T x (2-11)
& =1.15T,x (2-12)
o, =1.18(v, )"® (2-13)
o, =0.841(v, }* (2-14)
1/3
o, = 2.44(T°j (2-15)
PC
o =it (2-16)
1 2

£ (2-17)
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e v, A8 ﬂ?‘mm&i@‘ﬂmﬁ@gmlﬁﬂmﬂnﬁ,(cmg/g mole)
v, Aa 5uAsangm, (cm’/g mole)
T, AR guuRangs, (K)
T, Aa qaRanlng, (K)
P AR ANAWANGR, (atm)
£ An ﬂ'frwﬁqmuﬁmem\m?zﬁqawdwimLzmq@ i, (J)
e An ﬁ"rwﬁqmuﬁ'LmrﬂummzﬁqamdwiuLmﬂqa inulaanaj, ()

2.2.4.3.2 ANUsEANELALSINVDINITUNTRIUFWIU (Effective diffusion coefficient)
Fusz@ndlansanaesnisunsinugnsmifunisinArduilssdninisunsaymiausandy

&uilsrAnBnisunsraaufiauasdndaussnaNAIANHNIUILAIAYINAALALNTRIINIY Lans L AaaNnIs

dalln

D" :g[ 1 +1J (2-18)
7\ Dy Dys
py & ) | o
LB & AB 'gﬁ’&QUﬁqﬂqﬁlﬂJW@umﬂqr}@@
7 AD ANAYINAALAYATBIZNGY

2.2.4.4 gNN15N1TUNSARINA (Fick diffusion equation)

aun1an1sunsasila dd1uiuesunadnirnalnanisunsiaznnrarasuaddniluaaglia
feannsnadung i lussuuiifanisunsuaznisazaaasslugonauazanuaiinsnaaslianalunig
WNTHNURITR9ANa19 Tasdnnsaldesune ladufananeiluaeswdanazaadiuale Han1sunsaas

Tuanastlugtlaesldndidaiug drudulussuudegomniasd (18, 21] uaznsunsluiiaAnig z uansls

qu
Zde

N. :i _ D¢ a(yi,zp)_i_BOyi,zP@ (2-19)
= O R u oz
e N, e Wandidsluazesans i luianieunu z, (mole/(cm’/s)
y. A dndauluae9ans i
A A 123
u AB  ANULATRILRE, (atm.s)
D An dudszdndlnesonresnisunsaesdns i Tuans j, (cm’/s)

o a £ = '
AN ANTN1TTNENY

v}
o

oYY

)
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P AR AINAULBITILL, (atm)

R An  ANASAR9LRA, (82.057 cm’.atm/(mole.K))

FUNDNNIILAZAIIDNNENTNHE AD NBNTBIANNANNTD NN ULALINANUAIAHANN 7D 11

A48 (convection transport term) Fanennaasiiesunylsannaunisnn (Darcy’s equation) [21]

2245 ANNITABNIU-UWNALIAR (Stefan-Maxwell equation)

A A <3

aunsaeviu-udanadldaiuanisunssasaesaciusanans liigngurizedaungngud

170 luane9@mnnu-ulAnas [22, 23] wanalifaannns (2-20)

> yiNi—yN; P dy (2-20)
5. <D RT dz

2.2.4.6 ANNTNITUNSARALNA (Dusty gas equation)

S

ANN1INTUNIAARLAALTUANN1NNTUNG292 84 1A Tan UL LA AN N 4NN 4R AN - A-
wadnszgndldsaniunisundanaiay TnafiuuAnnnesiiianazesuiialisniudunguieudnt
(dust) wdanszanusnegluiFmnungngu Tuianafeuuiaazdedniunuudnaesluasuan [24] T

R e Tt T PR Er Rt A ST

) N. —y.N. )
Ne s SN, 1Py, 0P, BoP (2-21)
D! D; RT | dz dz D\ u

ik J=lj=i i,

¥

225 magadadndlvihneludgssidawaaiaaanldauia (Solid Oxide Fuel

Cell Overpotential)

S o a a o A

nsgryidaAndlinnalugasfiaonasaiaeanlafudadudnnaniaesllls Tnaaiuisn

o

AuansmAtANgydsmailalaaldannismiglidniedl Gsantsgodadndliiilnnialua s
d" a a & @ 1 v a ¥ o A = o [ £
danaiaaenladudiannsoutiveants 3 atadoaiy Ae n1sgadadndlWinainndsaunsedu
(activation overpotential, 7, ) m’mz};ﬁyLgﬂ@Tﬂfﬂﬂ/\lﬁﬁ@ﬁﬂmmtﬁ”mumumﬂlu (ohmic overpotential,
N Lmem;fyLﬁﬂﬁﬂﬂ“lWﬁﬁmﬁmmnmiuﬂawuﬂmmmﬁu%’umﬂu%%Lﬁﬂ‘ﬂmérm (concentration

. o aa X A \ = ° '
overpotential, 7, ) Tnadndininluszuugaueiiiatuieszuulaidinisgoydela nsAauanman
Andningnaanunsomnlfainaunisi (2-22) uay (2-23) [6]

Ve =V, — Losses (2-22)

cell
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Vcell =VO ~Mact ~ Monm ~ Meonc (2_23)
e V., Aa Andluingms, (V)
V, Aa Andlniingauns, (V)

o

TnadnelnfnganaRanisom lfainanniseiifuasi (Nernst Equation) £aid

V __AGOXT _ RT In ppmd (2‘24)
| = AL T L B
neF neF preact\/ poxid

P 2 o a o a a ana s o 2. 2
b AG, AR WaMuBasTwANUBssEiudresiFu1eandindu, (mole.cm’/s’)

F An  AAsnnee, (96485.3 C/mole)

Do A8 ANAUERURLR AN AR U9 IR T UL

Py A2 ANNAUHEHIBIUAAITEINGIIRTELIL

" = R

b, A2 AnwAudesvasuisniusieendladressuy

T Ae QOAMRBIANANYID, (K)

R AR ANAITII89LAE, (8.3143 J/K g.mole)

2.2.5.1 msgayAaAndlnW1aINWAIIUNFERY (Activation Overpotential, ;)

|
a

a o o S a X 4 =~ 9 C o a = 2 =
Lﬂuﬂ’]i@ﬂ&lmﬂ ndWHMiAaTuNLTIURaTgewdaBan nge easunanifinANuRe 89

v
v a o

Ufisenalinndadidnsa (Electrode) adndlnfangadeliiugninldldlunisiesusndsau

£
o a o

nazsudumlauiunstsnnianinzesdagidnnga [25] Tnanisgoydadneluinainnadaunsysu

Arfinagednuiusvuunaadiiemasainesn ladudenniunisfigungiing uasiinansenuiiaaninly

a

d o e& o o c s do a - . . 4
sruufaadiemasaiineen ldudanaiiunislugungiigs Tnaannsoauandndinngoidaann

wasunsziuillFananniseeyniaes-laawas (Butler-Volmer equation) [6]

M = L sin | (2-25)
n.F 2i,

e

e - Aa Anegoydadnd inannassunszsu, (V)

i A8 ANUHILULNTTLE, (Alcm’)

i A9 ANUUNLLLNIELA AN, (A/cm?)

R An ANALNLAE, (8.3143 J/K g.mole)
o e - 4 L4 lama

n, Ao Auaudidnaseuiuanilaaulussuusenieljisen
= ' ~ -

F An  Anpeinngee, (96485.3 C/mole)
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2.2.5.2 magaydaAndnwhainaanasnumumelu (Ohmic Overpotential, ., )

gdadndllinniAnauainamuantifnisin i uaznisdinuilszqaesdogian

dlurinnsg
]

o

Wnfauazdidninglas Inedeniinauansnsnedunalffasannisnunguedieia (Ohm's law) [4] Asil

Mo = 1R, (2-26)
J = . >
LD R, Af mmmmumuﬂa:@g, Q)
n Pe Amsgadedndlifinainacusinumiunialy, (v)

: An wazualuin, (A)

2.2.5.3 magadaAndlWidaiaanmafsuuilssanudndunialuan

a © . 4
ALANINSA (Concentration overpotential, ;)

a o

WuArnsgrydadndlninanuavlusadie mds Taudsdunuauiareamadimenas uns

&

HUIRINNIFAAAIUBI AN LN UIALTDINAILAL AN TN ATUIAIN AR T TN 8 ludaaLan nsm Tademali

De

AHAutagradmanaaluda e lunana s inAnA eIl A NAuta s ANNTY [25] dausuilads

©

o a o

o pRp ' A o < a a v v @ X |
wan< NnasenisgoydeAndlilintainaannisdasuulasponudiudunieludagidnnenaue i
ansnavnalneaineaaninaesdadidnings (Microstructure of Electrode) &nisz@nsnisundaaduia

Tnaganluseuy mnNsAudeas gL (Partial Pressures of System) WAZATAINNUUILULNTZUA (Current
=

Density) [26, 27] éwé"”uﬁf;LL@Tumﬂmﬂgmizﬂﬁ%lﬁmuwﬁmm@mquﬂ‘umuL‘V\Im (Triple phase

boundary, TPB) sumantglutquelusuilaaniindudassudnedianinslasiudanalun [28] @i

o

a8 A peaNNNTUR9ANNTEIFUAY (Nernst equation) Aail

Teone = RTIn[ (yrea:‘TPB )(yprod,bulk) ] (2'27)

2 F (yreacl,bulk )(y prod  TPB )

' a o

ANsgaudaAndinindanaainnisnlasuudasaansdisdu, (v)

o

o))}
o

=
LB Mconc

o

ArdauTuare TN AL AN 1D LA NI

o))
o

Yreact P8

AP AUTNALRINANA U LTI UANIZUDLANHNA

o)
5]

yprod,TPB

. A
Andruluareadenaeluaiatlon

o))}
o

Y react bilk

Andauluareanani g luanatlau

o)
o

Y prod bilk

R An ANAsRReLAE, (8.3143 J/K.(g.mole))
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2.2.6 szuulpsegdranigludaualun (Structure system of anode-suppoted)

sruulasaaienisluaesiauelunreamadimamassinean lsudsrineandiauloaaunaaui
1 a 3 1Al o 3| dl 1 o d‘ o dl P [
inuBianmslasignuesinddnenisiilunisdensefuresaynianssnanvans ) gn deansaeifiuss
nwi 2.8 Fagnidensndidudauelunresaadizemariintitiuasiasiannainisnlunisin i

waziileaauldifuednen luaqiiulanzinifauuaesiadasanlas (Nizro,) THfutianlunisldidu

v
= A

doualuntieunsuan [7, 29] Weasnandanaiaiianununiunasesisuaiunigumemas Jen
~
7

1 '
1o a A ~

nsiinfuaziinleesuialuaniazguuginaindidanatindus uaziAn1saanaan1eanFoun

wHnzaNAURBeN-amd ladiaasiaiile (Yitria-stabilised zirconia, YSZ) [15, 30] #afeNsinsnldiily
flanslad lneniadenseiuaziindesdnesendneeuniauazqafiinnisiiansiaarinisdauiun

v
o

2938YNA USuiifiansdassaiuassusazaunianiglulassairedana luatuianuas nadesis
mi-L%uﬁimjmu?mmﬁLﬁmﬂﬁﬁ‘?mmﬂluﬁqLL@MW’?@mfmmw'ammqmﬂumuw\Ia (Triple-Phase-

Boundary length) [7-9]

Wi 2.8 Madensiavasaynanglulasaisiowelun [31]

ANENNTEdaNIzTeua N adun suanstenisdelasreatdiiindjiseaiinne lu
doualun Ineisnniifstuiledamawnddullludueluauarlddudatumasesaynialesstinuas
aa a v o oA X v a aaa a o . . X ° o X a a
aidnnsafindnFoniu wudnidnniinWiiaUAsaneendndu (Oxidation reaction) MnliiTainasfin
n3ide8ianmaan (Electron) aeanll GsBianmseunidseaniliazieiueynianlsznginuiduna-
aannsetinduazanliiuAndundseulninselyd douleseuiifinauarieiueuniaidsengisn

dhunaleseinuazidminljisengnafmisunumieioduiaresdidninsladiudaualun [30]
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BYNA ANIETRURIHING

fianvsailngd

ﬂqmn"l.ﬂaﬂﬁn

PN 2.9 LEnainagnIvsraua e [31]

anwurlassaianieludaueTunseunafizamassiineanladudeaiaiaiunsnldaunimis
AlRAARTaE LN e NANTusIaeN TN luusszaynald Gananldvinlignistssannrianu
8191894019 TRLANNA e FRNelIndaNseTesuiazeynan e ludauatun azwudnne

= . = a & dy o X o =
LIRNARACHNITNANUNTAUNLLU UWRAAIAININT 2.10

y‘l

v

NN 2.10 nsvindeuzesanIANIanNas 8, 32]

USnaiiansdfawiusendnvayniatesusasinandaua ldwindunasdglsadunsanan aunsam
15UNR3709NUERUAY (V1) WATSANIINUNTaUAL (a)lFAIaNNITN (2-28) WAz (2-29) ANNANSL [8]
4 - 4o oo o oa  Hode oonee
uwazliasrLLRII ey ATV WA NN T LENRsresiutuiLuaz faaasiundauiL Iffsannis

7 (2-30) WAz (2-31) MNAFU [32]

w41, —d)?(d? +2dr, —3r7 + 2dr, + 61,1, —3r%) (2-28)
- 12d

Vi
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a=%\/4d2rf—(dz—r22+rf)2 (2-29)
v _ z(2r—d)*(d? +4dr) (2-30)
! 12d
a:i(zldzrzfd“y/2 (2-31)
2d
e Vi Aa  UIN1msreaNudeuiy, (m°)
= o d’l’ -d|91 o
a AB  TANABINUNTDUNL, (M)
= o PRISS Vo
r, AR TANIAIAYNIAN 1 mmmmimym’], (m)
a o A &2~ @ |
r, AR TANUBIAUNIAY 2 TIHIUIALANNI, (M)
& o Py P~ | e
r AR TANUDIAUNIALNAYNAUNIANTUIAWINU , (M)
d An ﬁ‘w:m\ﬁwdﬁmm@uwfﬂmwmﬁmmwmﬂ, (m)

aunnsf (2-28) v (2-31) anfluaialfiflaszayineszuiteqagudnaisaeidatayniaiardaanda
o dl -4J = ] 1 o o dl AﬂJ = @ 1 = =
HATINTRsFARYedeyNAR 1 Teilauna andniuFaiaeseynAT 2 TARAUIAENNGT (g < r 4 r,) YTEH
atieendtasdinaesiAivese N AaNeRNIANIWIAW Y (d < 2r)
WaszuugnuesinnialulassadssesiouaTuntlsznaulidaedesdng (Pore) uazauniANg
nanudedaanane wasesdidnnseiind (Electronic phase) wazialaaaiin (lonic phase) 137411150
o o z// a [~3 a a v Y dl
ANUIINNAWINEYNIATIINN AT L aaBLannsatinduazialesalinld Taaldarunson (2-32)
a = A | —r—o ~ | = = o
afuneivszuunRauIneynaluusasialdinfunaslglirailunsanan d9azuananisanaiuou
auNIATIBRN A ATaIBLANNIaUNE uazaunAamalesalin aunnen (2-33)  azatnnsnldlunig
. e Y . da ~ 0 e i Y
ANUITUNI AN UIUDUNATNNATBINGNOUNANHTUNATANT 1 16 [8] A0usyLLNNIUIADYNIATEIN

asaawiiuuasizlsaiunsananazainsnedunalifannisy (2-34) (8, 32]

(-e)(1+M) (2-32)
(4/3)72’(I’13 + Mrzs)_ (1_ ‘//)(1+ M )‘/1

Np =Np +Np, =

Y (2-33)

New = (@/3)2(r? + M )= L=y )L+ MV,

o= @-s)V, (2-34)
(4/3)z(r*) - A-w)V1

LN N, ﬁﬂ ﬁququﬂwﬂqﬂﬁﬂﬂﬂﬂ
= o H o A =2 = o
N, AR ’QququﬂiéﬂqﬂWQﬂNﬂﬂﬂﬂﬁ‘ﬂﬂﬁl@\?@wﬂqﬂw 1 sﬁ\iﬂﬂuqmiﬂmﬂ')q

8 AUIUAYNATRNNATEIFANIR99UNAT 2 Tedlaunmanng

z
S
)8
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v, Aa  U3nmsaeeszuy, (m)

M Aa dnandausiusuennamalessiinuasinaresdidnneetind
A o ¥ o

w AR dndiunisdausiu

fnandauanuiuaunaalesstinuazimanesdidnnseiindiduaAnuansdednadouszningn
dndulneFunmsrasaniaynialugndiuadadoulaaiBuinssasanieayniadnnda d9sauis
fnandonpasiaiansivasanasis uandlifaannisi (2-35) [8] Inadnsdauauauayniaalasatin

uwaziaaasdiannsatindaslinasessuuniawinanyniauusazmaldviniuuasiglsaiunsanas

v = Nez _ 217 (2-35)
NPl ¢1r23
P = o o P R S "
LR ¢ AR @ﬂ@’luiﬂﬂﬂ?‘ﬂ’?ﬁlﬁ‘ﬁlﬂ\?meiﬂmﬂﬂx‘i@wﬂ’]ﬂﬂ 1 ‘NN?.ITA’W@SLMEUWT]’N

o

= ) o = P R g = ]
4, AR @@@Qiﬂmﬂﬂ?ﬂqmﬁ‘m@ﬂl,wmﬁ‘ﬂﬂm@\‘iﬂléﬂqVSWI 2 TINHIUNALANNAN

= 5

ADHENITBNANTDZIBL (Boundary length) iATLLHEIA NN e UILII8IA8IaNIANIINAN

he

MAnTULT U8R UIa LN ARNNANIINaNTY aziinlulfilaianisfauiuiumanseduiu

WU WATAINENTBNEN 102 BUANNINAR A NANRUS T UNUARAINIU (pore space) 1a4LHadaR B9

be

ANNNENR-TBNANNIERLANN WA LRAE (The average Triple-Phase-Boundary length) ‘ﬂ@ﬂ'?@@Lﬁ@N@N

(composite materials) A1 I FIANNI (2-36) [8, 9]

Lieg = 2NpZ, . &(ma) (2-36)

A9 ANNNENIURNANIIZIDLANNNALRAS, (M)

LTPB

z., e wdleeefdndustwdveyniadninleestiniugidnnseiind

mﬂmmmwﬁuﬁuﬁiwdwwmmﬁqﬂﬁ%\uw'ﬁLﬁﬂm@ﬁﬂz\mmLWmiﬂﬂﬂﬁﬂﬁuLL@m”l,@w’ﬁfm
walreefAudusendwenniasatiilessiindudidnynsetingd (Coordination number between ionic and
electronic conductor) &4 meﬁmf;u@gmﬂi@ﬂﬂﬁﬂﬁ@gé’ﬂmamqmﬂELﬁﬂm‘@ﬁﬂﬁmmLmiﬂ@m"ﬁm-
%uawdwmémﬂﬁqﬁﬂ@@@ﬁﬂﬁuﬁLﬁﬂmaﬂﬂﬂdl,ma‘lummﬂqaﬁ (2-37) dAmiuiatlaeaifiuiuradaynia
ELﬁﬂm@ﬁﬂﬁ(ze) memm‘iﬂﬂ@ﬁLuﬁummwﬂmiﬂﬂ@ﬁﬂ (z,) uaaslugunne (2-38) way (2-39) [33]

ANNANAL

Zi—e :Ze—i :¢i¢ezize (2_37)
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z,-3+- 273 (2-38)
4.+ B
2
z,-3+E7390 (2-39)
P+ 0.8
di A a o a a
B 7, Ao wulreefAudiuraseunIpdidnnsating
z, Aa walneefhiudureteynialaestin
A 1 d‘ a o
z Aa ARAtaalAee SRt
4, Aa dndoulaeifunnseanadiannseiind
4 Aa dndoulaeiiuinsaeanaleaaiin
A o o a a 1 a o a
8 Aa daduimileynialesaiindeaynindidnnseting, (; /r)

ANNENUBNANTTRIAN N INAFUUILTNYRT (Volume specific  Triple-Phase-Boundary
length)  gnuxnldlunisaunefanniuanaeasaniazreuatiinantsludoue luareess Uy B
~ | | 4 7z o o pRp | L e
Whsumeuag lumiaeFunmsviansnvesdanelun duduszuundawinaynialuusazinalivinfuuay
ﬁgﬂé’]\uﬂumqn@m WAAIANAINENITBNANI2Z LA NN ARV BNAS A AIaNNNN (2-40) wAT
AmFuszuunauineynIAesisasslarinAuLas il uilunsanan LansAIANENNT898N 19589

anuwasantadinmsldsaanniai (2-41) [8, 32]

7 s(l-s)1+M)Z, ,(2ar) (2-40)
™ (43)(rE + M) ==y )L+ M),
W, = S (2ar) (2-41)

@3 —a-w ),

e W, A2 ANENNTRdAnTITIesanmaseniielTiIng, (m/m’)



unn 3
NUNIUITTUNTTH

'
a a o [ o o

Pan8 U NN UN RN U AN T RIAULLLA AN AR AN AR S NS LA AV TBLN AT TR

aanlaAuiuiuaiuounin denuddendiunnlaysannanlaludrunuansraiulyl wu luids

[
a o a

dse@nsnn nsmauAnsyuL uazn1sdsegnsldeu Wusu Insewideiilfjsauanlalunimunan

a

239unesuTIAEN T T UL LS aeenAdIAA g A fiteR A s s AN maesdaneluan e luTad
demndertineelsfuia Tnauiseeniflugasintens anudurusssndnanisdnemasagnanis i
%‘)meﬂumﬁuﬁ’m’]i‘qmLaﬂﬁﬂﬂﬂl‘l/\lﬁ%l’mﬂ')’mﬁlluﬁ'u (The relationship between mass transfers within
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1utl A.A. 2000 Yakabe, H. et al. [5] AnwuuuanaaamwaminAanirasnuanifdiuelunaas

rd’l’ a a e & [ o A o e ¥
wasaenassiaeen lmAuds Inalduuuanaesiidudneasmadutuuwuy (planar cell) Ingldaun1snng
TUHIUNGUATNNGANST (Darcy's law) wAAIAIANNIIN (3-1) WANEINIsunsEugnguludouelunaes
ufalalnaiauuazafuaunauanlafaessyuuuianansyndng uialalnaau laun wazufaanfnew (H,-

H,0-Ar uwazufiananseuinsuiaafuauneuan lafiuufiaaisueulasanlas (CO-CO,) mua1dl 7

1 a o

annng 1 ussannA 750 asAallind wasidenlasmuduiusiuAnisgdadndiWinainaanu

YRe

Wndunaludaualus Felunautiunanimaaasaaananianni ldinsudnainisgadaadne ininann

U@

Al ndunaludaue TunaunsaAuslddaaann1sraaiisuayl (Nemst equation) LaasAsdNnif

(3-2) IneldAqnusutiasmasnigaaandauidawa nafuANsutas fUIRILA ADDT A UNRIUTIN LI

dousTuaruaianinglas udaasinAinisgaudadndliiingeanaoududuntaludouatuanldann
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wUUANaeINIAmRA1an SN I Fauiauiunanlgainnimaaesase wanwn Hmadme waan Aoy

ndgaaedaualun 2 HaAINAT AINE 20 HARLNAT WATANINEY 2 HARLNAT AINING 3.1 Fanudd

= o

ANNNINITTNHIUINIUAINNYANFTAINTDRT U8 AN TgeyRe AN IH e n A mdudunelu

daualunlilngiAssiuaonuiuase iedlandamauialalasaudngdszunluBununidndauddua
w9 0.35 1408 uaziaflandemasuianfuauseuanlsfidgsrunluBuinnidndowdlug

Tuiag 0.45 0149 0.64 TnsvivgagimanasinIn1Immaaasaz A lnawpeaiaTian1maaadasaie lEAN A
wkUunIzuaneg luga9AIngn 1.0 ueNuwlSiansemuRmng Feen1InuAAIAINNLITB9TUR

AndfAsanneluiaueualifianuuni 50 Tulaswms

20 mm

| __—Fuel inlet
m

A
2 mm l Anode

| Air outlet

2 mim

AN 3.1 AnEnsgamasuazimasntnvesiaualuaadiianaTiinean o [5]

_ Kiui :67p (3_1)
s,
_RT, (P, (3-2)
Me = 4F paz
e K, A8 ANNN5TNENY (permeability) 289417 i, (m?/(Pa.s))
u An  ANNNLEINRAY (superficial velocity), (m/s)

b Aa  ANNFUIZLA, (Pa)
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& A9 FaulsnuuaRAnI19ae4817 i, (Pa)
pS Aa  ANsustiasuesLidaandiaulugnsilen, (Pa)
By An  ANsustesrewideandiaunNautinadnnglas, (Pa)

Tl A.A. 2000 9113981909 Lehnert, W. et al. [34] TNN9ANEIULLANABN NATIAAIANF D

- . 4z X o . o2 da
woFnssunsinamuaansidauelunresadimeinasaiineanladuds Inawfsauiaudaneniunnd
fé”mm'qummw;uﬁiammﬂmﬁmmmgwgu (ratio of porosity per tortuosity) WANANAUEINTNARS F-
\RaRALAEY (DS42) AlaRALAN (DS43) wazdairsiANIATgIu wanan ldannisnisunseinugngutes
anNU-LiANAd (Stefan-Maxwell equation) A9a@NN13H (2-20) 3mmxﬁnf]sl,l,wa'mugw;ummF’mL‘W?N
neludaualuauazldanninistunugnguaINngan s (Darcy’s law) Asaunisi (3-1) 1A1EINIINIT
Funugngueaman g ludauelun Tnasniaaesann1sfoaannisi (3-3) Wazaun19vaaedtinmg
asunedangAnssnaesuiatinu (CH,) lalnsiaw (H,) arfueuneuanlas (CO) waztn (H,0) goumnd
850 B9ANTIALTEE ANAM 1 UFTENIA IHANINITesTaualin 2 RARNAT LAZANUUA LA AN
rasiuiinUfisenntaludauelualifiaonmun 50 lulasiuns dwRaniu Yakabe, H. et al. [5]
WATANUASERG Lehnert, W. et al. [34] HAMNALAAREITUH TINUITWULANADIAIN17D WANANNS
d’ da’ a v o o o 1 1 da/ dl
Wanuuaere i ma AR AN UL iR TLERIIAIBAN NN IWABANNAALAENTBITNTI UATTZLILITN
Nadfisenaauinduufia (Water gas shift reaction) Ml N 9goyRaAnd IAnTafinaInnIs

dl k4 k% :’/ ¥
wasuulasaudndunialudaualunanasaos

NI :Nid+N|p (3_3)
- A v ea 2
) N, A Wandimalualaesan, (mol/(cm®.s)
N An  Nandideluaresnisdudiu, (mol/(cm’.s)
NP An  NandiEelnaae9n17unstin, (mol/(cm?.s)
gas channel

inter-
connector
T X= 0
anode V
2-10° m)
elektrolyte x=d
(10-10° m)

MNN 3.2 AANITTNENULarnsineinune ludaua Tus [34]
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v
=3 o a o

auiinlFinie9n1RSsae9 Yakabe, H. et al. [5] WazdNU3Tea84 Lehnert, W. et al. [34] loaavin
luthipaniume U a.A. 1999 uazsngnanuanlutl A.A. 2000 719 TeivaasuddaiianNaAdtas
Tinanaenndeiuluvang) 599 wiadderes Lehnert, W. et al. [34] I&l¥annsnisunseinugngu

2098 ANIU-UAALIAE (Stefan-Maxwell  equation) $ANALANNIINITTNHIUNIUAINNNAFT (Darcy's

=2 o gv o & A ' My o P =
law) eﬂ\?V]’]sLMLMuﬂ\iN@ﬂﬁ‘zwu"ﬂ@\igW?uWNN@m@ﬂq?LLW{Lﬂﬂﬂq\ﬂjmlﬂu Lum@’m@umimiﬁmmug‘wgumm

ngma‘*’%ﬁummm@%ma”lﬁtﬂmﬂﬁﬂﬁmmma‘%uﬂhu%ﬁuﬁuﬁuﬂizam’iﬁ(mﬁumu (permeability
coefficient) winiu Fafludneniznalnnisluadiugnguiiesetnaien usiderhaunsnsunstgngu
gasamrn-uiAnagunsNes LA NI HaT L TIAa IndiRs AU TuaT s T it uiinay
aunsNsuNgEugnueaaEvnu-ulanasannesunalaelduannalnnsuninisazans

lutl A.A. 2001 Chan, S. H. et al.[4] @”ﬁw‘hLLuuﬁm@wmmﬁmmmmﬁﬁﬂﬁnmmmmL'?m

Andlinielusdmendsatineenlafuds InafiuusAnainnisfinemgenisniiandseului

I o o o

@ a o ' a =< a a ¥ v o K K
‘W']ﬂL°]J’1LWLA’J’]Q{]’Qﬂiﬂ’WLuﬂW@\‘i\‘i’]uvLWﬁ’]ﬁﬂ\‘i”l mmin@ﬁmﬂmﬂimwﬁmwmmi:uﬂmmmmimuqm

£ v
o o

ANN9geYLAeiad)ans i wasleu (vapour power) 85UNaAN8dANIUTUAY (Rankine cycle) uaz

a ¥ o o a o

Aeiuufia (gas turbine) aBuNeAaEdnANILLLRY (Brayton) Aotwadnesiurimananianllgenidens

] v '
a A

ANEINIIIAINIg I ANiAsaLAgNTINssULEAS Tellsznausaanisg@adndiiinainwasenu
% . . . 1 al o k% . .
N7xRU (activation overpotential) mmi@ﬁyL@ﬂﬂﬂfﬂﬂﬁﬁmﬂm’mmuvmuﬂ’]fﬂu (ohmic overpotential)
a o =2 a = [ . . =2
LL@tﬂﬁ?Qﬂ&lL’&‘EJﬂﬂ?;ldli/\hﬂ’}eﬁdLﬂﬂ@’mﬂﬁﬂﬂ@ﬂuuﬂmrﬂ’)’mL‘II%J’}JLL (concentration overpotential) TagiANEA
d‘ 13 U ] réj a A a dijo/ va a a a o'd” a
WaAunIddaulare s fiae AN AMANTR N1 5T AMANTFLEIU s ANEN NI TARLTBLNAS
wWisuieuszndng dauelun dauning wazdianinglas lnalddemaadulalnsiaunaslennlunns
flawdnduadiiomas uazldthanunisynaes-lnawas (Butler-Volmer equation) UAAIAIANNIIN (2-
25) anldlunisasuneAnisgadsAndinfnainnasnunszeu rannsmInngealen (Ohm's law)
WARNAIANNI9N (2-26) TunsasuneAnizANgrRaAndInfnainAusiunune e uazinaunis
NIIuNTAYALTU (Knudsen diffusion equation) Uszensfiuaunisuesiiifuasi (Nernst equation) 1
- . o o d - 4 v o Y. . 4
asuneANsgoyAaAndlWinTanaannisuasunlaspnudndunis ludagidn e uanssannii
(2-27) warannauRdgBasnanEInudIaNnIsymae - lhamafiuauisoutiiuassdonisineuing
ANNUNLENAD dasHAINIgry RN lAna nwAIuNsEEuTeandn 0.1 V uazuinngn 0.28 V Tae
lfaunisidunsaresyniaei-laaiuas (Linear current-potential of Butler-Volmer equation) WAT&NNNT
wn-wa (Tafel equation) WAANAIANNIN (3-4) WAZ (3-5) AINATIAL LAZEIWLINNIZULMANGIUAT

a o

ANNULNLUUNIZUAGY ANNsgaudadndinfinannacududunieludosidnininarinanssnusesag

v
o

& a g | = ST = o =
wawwasiuatunnlinaanizusnndata TuaNINNIda Y TUAAIAINIINAINT 3.3

[ RT ] . [ RT j . (3-5)
Nae =—| —— |INiy +| ——=[Ini
9n,F 9n,F
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e - Aa Annegoydadnd inanndssunssiu, (V)
i A8 ANUIILLNTTLE, (Alcm’)
i A9 ANUULUUNTTLALANLLRS, (Alcm?)
R An  ANALNLAE, (8.3143 J/K g.mole)
o -« . 4 C 4 e
n, An aruwudidnaseuiwanildasulussuusentielfisen

F An  AAsinngLee, (96485.3 C/mole)
9 Aa  dulsv@nanisanamlenau
0.7

Concentration polarisation (V)

0 10000 20000 30000 40000
Current density (A/m?)

|—#—Anods —a—Cathode |
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AR 3.3 MeauanAnsgrudanisgaydaAndlnfianaoadndunialudoueTuauazuaing [4]

T A.A. 2003 Suwanwarangkul, R. et al. [21] L& LULSaemaAdinAgnfiie L By
m’mLLu'ué’wfmm34miﬂﬁ:rLLwémugwguﬁqmmummm:uuLLﬂ”mmmmuﬁ"m"LaTmmu lovh wazufia
a15naw (H,-H,0-Ar) uazufananszndinufiaarfuausauen lsiuufiaaifuaulasenlas (CO-CO,) Aa
ANNITNTUNTUBINA (Fick diffusion equation) ANNNIFRNLAA (Dusty gas equation) LAZANNNTALG

-

WU-LIAAS (Stefan-Maxwell equation) WARAIAIANNIN (2-19) (2-20) WAy (2-21) ANa1eu Taeld
ANITANNIUIARTBY Yakabe, H. et al. [5] iNavinnisifseuinauAInisnisgay@adndlningafinain
dl v v Z// dl v o o a
nalasuudasanuidndunie ludaneTuaresnanmmaaesn lfaNNLLLAN AR LHANINARB AT
WUINANNTARTLAE (Dusty gas equation) mmma%mﬂwqﬁmmmﬂﬁm’mwmmmﬁﬂﬁmﬂwm
Fainannndasuulaspnudndunis ludqaue lunresszuussuuuiananaesuialalnsian ot waz

ufiaanfnau (H,-H,0-Ar) uazuiananseudnsufanfusunauanlaanuuiaarfuaulnaanlas (CO-

q a A
'

CO,) lfatinamnaninzguu)ige AANnuLLunszkags Mdasaonududuresdamailige uay
:’/ a @ =3 & J Y a U = o

1ngnguzesiaueluafiian douannisamvu-uianadinunzuinisldesuiarinisgodadndinin

ananudndunieluiauelunvesszuuufiananzeuialalnaian Tt uazufiaansneu (H,-H,0-Ar)

'
] o

TIUNNEAUITULNHARAIUAINNTUATUAZILIAFNIUTLENNIN UAZANNIINTUNTBIAAWNIZUANS 1
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Afuaulaaanlis (CO-CO,) Tmﬂmm:ﬁ”‘u?zuuﬁﬁﬁmmumwwguﬁqLwii:ﬁmmqﬁwxﬁu%q A
nsANETIELAATINNT 3.4 uaz 3.5 Ten il 3.4 nsuaniAnegayedndlnfinannaaududy
meludaualua taelszuuufanasmasialalnnau lath uazufiaenfneu (H,-H,O-Ar) uaznni 3.5
mwﬁ’mqmmmi@mL%ﬂﬁi’ﬂﬂﬂﬁﬂmﬂmmLﬁuﬁunﬂﬂiu%fJLL@Tum Tneldszuuuianfueunauanlss

Auufaarsueulasanlasd (CO-CO,)

400 ™ T e T T T T
e
L o— 03 Aem? I
- 300 F [ -
- I 0.7 Adem® —%
E 0.7 .-\.'cm?—l ' '-I‘._ I Avjem?
3 H
S 200
T
N
=
100
U
0 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Hs/(Hs+H;0+Ar)

(#) 0.1 Alcny’, (A) 0.3 Arem’”, (M) 0.5 Afam’; (---) TM. (—--—) DGM, (—) SMM.

a o

MNN 3.4 NeanuaANsgndsdne AnanAa Nt nduna ludanaTus Toeldszuundananang

YR~

wialalasian loun wazufiaafneu (H,-H,0-Ar) [21]

300 T t T 3 T T T

Ik i u
¥ b

- i , ‘:

E 2000 v : 0.3 Alem? i
1! H

B e .

S ot P

& ; ¥

é 100 F “'\ ". \ 4

= ":a 0.3 Adem?

0.1 Afem? “'1 d
0 ﬁ: . -

0.1 0.2 0.3 0.4 0.5 0.6 0.7
CO/ACO+COy)
(#) 0.3 A/cm’. (A) 0.7 Afem’, (M) 1.0 Afem?; (---) FM, (— . —) DGM. (—) SMM.

a o

M 3.5 nesAuuANegaydednglniiainanududunialudonelun taeldsruuuianifuan

(7

waua lmanuuiaanfuenlasanlasd (CO-CO,) [21]
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W A.A. 2007 Hussain, M. M. et al. [35] l6¥uLLSNaedneAminAanfie AN
mmzﬁ“wﬁuﬁmrﬁmwmmm%‘um?Lﬁmﬂﬁﬁ?mnwiu%qLL@T,um ANTNUUIUUUNTZUA UATANTgLAE
andlliindaRnannmsiAeuuaspasdadune ludaustua Tneldannisn1sunsiaugnguaeaaLeanIL-
WiALAG (Stefan-Maxwell  equation) Fagund (2-21) ?ﬁ'qa%mﬂwqﬁmimmLﬁm”l,a‘llmmu
psueuneuenlad anfuanlaeenlod uazler %'qLﬁmmnmaﬂ?ﬁﬁugﬂmmvamum (C,H,OH) fladi

neiladaualun Ngung 800 a9AEAITHA AINAY 1 LFIEINIA BINNUAS LHBARAIAINUUITEITY

'
o

nafadfizeneludauelunazinirinisnisgoydedndlniiiainanududuniaudoue Tuadadsn
ndnsilaAnAtANnIgesiuniinljiTentaludauelun uaneden ng 3.6 uaznudinis

Nadfisenasuinfuuia

—~

water gas shift) AnaliAinisnisgoyidadndinfinainaoududunielu

AR LLLNIzuA TuE0aNgIndndsrinme 05 wanulfannena

22D

douelunanasd I uiuszuud

%
== o

UAINAS wazinliAnnIn1sgadadndiniinainanududunialudoue Tuageaudmiuscuunen
. oAl iy 4 X v o
ANMUILUUNTTUA U A NI UszNI 0.5 wenufamsEuRNes Tedeagideliaenndaaiy

NATBINNLAREURG Lehnert, W. et al. [34] WAAISININA 3.7
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i = ....../"’.'.. ]
0002k <~ i
L
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0 1 L L 1 1 L L L
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Current Density (Afcm?)
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AR 3.6 AnNdNTusIRsANIInagadedAnd inguinaannisasuudasaandndwiiaiang

(7

wasuwlasAraununwdunszug TussuuiAuinuaz ldauauAIA NN

nadisennaludauelun [35]
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0.48 ——— — ————— :
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2NN 3.7 AnudniusaasAnsnisgdadnd inainaannisnldsunlaseaududuwiiofiang

wasuwlasAraunuwdunszug Tussuuiauinuaz ldAuaAIA NI unIs

nadnsennnaludaualun [35)

L @ d 1 & Qs
3.2 AMNANNUETENINTsUUTASIRS 1 M luTwaluAN LAMNENIURIRAN SRS
aNananulalsuing
HIRANNANAUTI QN U TUAINLUUAIABIN NALAAARTTAL LAY NENAUNINAINAN
negNedunedAneslafai e eseutedan Aniudauelunresasunafiiamasrineanlafude
IFfinnssiedaannmgnudn eynian i lunsaugddanidunsinas uazifinnisdensdeiuilunguian e

nawau Tududanaans (Material science) laaAMuANINTINAN Iy IATaIN0T AT LI RT

a

2 o g @ = = . X o o > - T = o | ,
Fevinlinesmiudeanadessaaaseynianguiedag b Tuasuiouidauitldiewidelugeaico
Wfp RN NN laep N ANTUEI89N 13T LTAR LN s W UEANEN W TRt daman e
FUNARNWIWEaT] A.A. 2003 DetfaqiiuEndunensinLss@nBn nda A INENI1898N 19 208 NN
sandaaiFunms Tnaenuddamaniulitauananialuiadeil

1T A.A. 1991 Bouvard, D. et al. [33] ANHIUULAIABINNATAAIAATIDIN15TUTLTARAN
aynansanax Tnalduaninneiinaslaiadu (Percolation threshold) lunsfigaiiapnidnunizaesian
y AN y 4 oo A o amd . : =
9 luneutiunisiiAnizasniszassitreseunialuilegldanduisndealuntsAuiniantneasi-
lwd (Coordination) N9@RYFRNNITULALTS (Sintering) WATAIAINAINIIDTUN9THENY (Permeability)

d‘g ¥ d‘ | dl ai v o =2 :j/ | all a =<
ﬂ’]EIIui‘ZUUV]%ugﬂW]EI@Hﬂ’WW] Wunslany "T]\'iﬁ‘z‘]_l']_W]W']ﬂL°II’]1®'V]’1ﬂqiﬂﬂH’]uuLﬂuﬁ‘zU‘UWﬂﬁ‘Uqﬂﬂﬂﬂ’]ﬁ‘

'
a ' o a

\denlevresensaaunIAnsananssusqanduda 2 anaull aasusiagnuanssiuassaiin uiazaiing

q

v
v A

UAAYAIAWINTY uAAIAINING 3.8 Taanuddsnaswonan lunautiuiiaaugaudalszanananis
@;a&lﬁﬂgﬂﬂ‘mﬁ‘:umwuﬁﬂmu (deformation processing of composite systems) Tag/lduaninousiinas

Tandudaniunisauanelaaeshudy d1uiussuuniniIussqaun1ALULEN (random packing) 199
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da e . o ey A e o 4 e
aynAnsananiiawneynialulsazaiinmingu wandenldaieaaiaalree fhudunreaiuau
wiihdudaledasionilaaynia (the mean number of contacts per particle) duiuszuudiluauin
BYNIANIINANLAEA (the monosized spheres pack) HAszdNm 0.57 11 0.64 TuHARTILAUBEAUAIN

wulun9dnEeFnveseN A

NNT 3.8 AnudNRLsIesAn laRe SRR LA LNquinesTaadw uansliiLD AN Y

N7ANEATRIBYNIANIINAL [33]

Tl A.A. 2005 Deng, X et al. [9] lennsANHILLLRNABINNATAA1aRT Tne lduanniInig

WIUNATIR LBTINUNNANIENUTNIUIABYNIATBILIN (grain size) IWIATNGY (pore size) wazdnaou

<1

ANNEY (porosity) Tesdaualuanialumadiiemasrinesnladudsniseanitzaauaisma (triple-

% '
o v =2 a =

phase-boundary length) waninldgsndsdumiladendenaliiiaiauresisnuinaljizeinialy

'
a g

v A e, X T val |~ = v o -

doualun e llgnisaugddoualusidenalifidszansningegn szundaualuninanianianson
dsenavlisiag aunalalasain (onic grain phase) ayniawmasidnnsafing (electronic grain phase)

o A = S vy v a ' a = L

waufavizainagngi (pore phase) a4 luniinnianlifadeaunigiudrenninmalessiniauawiaiy
aynamadidnnsatinduareuniaisassnaiianisnszansluiBuinsniinisaugledisanysniuuy
wonanldtuuusnassdnsusnisdeniaaesnistugldouelunfaaeuniansananaes Maggio, G. et
al. [36] #nasuNadaNafnENRsfauiLRAnTusTndaynialun sTugUdanetun uazldannismag
FUIAAAF IR ABIN N AIAAI AR AN IO ATUIIUAINE1ITBIAN T LANNINAZ M T LITT UL
daueTunsne] denanlinanianudinaineitzesaniozreuansingazudsunduiuauineynin
requderivaeanla uazarunsainlss@nsninaesdtuelunsenisiinlizeinisfuruinaeagngu

'
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4.3 TU5nsNFINTUNITWAIUILLLAIADINIANAANEAS

4.3.1 M (C language) [40]
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WAN (Basic) wazinamna (Pascal) Wl

nuangnldluaniddeignideslulisunsugamdeaediisunsuinaslug (Turbo C) nns
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4.3.2 T1lsunsa Maple [41]

Tdsunsn Maple Wultlsunsuiizannisinisd@eullsunsunasnisnauifsendnanisiugann
k4 o ' W‘d‘ 24 k73 ¥ ‘Q; | o/ o L a o
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= a o o L 16) & o 1a s
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(Ordinary Differential Equation) waz@un1swiNauWuseias (Partial Differential Equation) Faina U
ry g 3 q
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4.4 MUUTAILANLATATENIZURITELY
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ANALIBNTTLIL P 1 UITUINA [5, 21]
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Andauarungudauelun £ 0.46 Fudog (5]
» [4-6, 21,
RGNk AR RFLR Tulnsiums o5 34
I, -22 50 s
35]
ANVUNdqwalum LanLumg [5, 21,
1, 2
39]
ANINENIUBTARLTALNAS LanLNmg [5, 21,
20
39]
AN TRIdNeTlean AGIRGE (5, 21,
1
39]
o ) o Y % 1
AdIUNNTILTEU Z 0.9 Tuog [8]
srelzvisendneliiang d 0.9 uog (8, 9]
walreefnuduIznd e RNIAF9LN
A eaa o z. 70 Fuog [8, 33]
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5.1.1 MUNENGARNTTNUNR MUTEULALANNITNITUNTUDINA

0.25

0.2

N.-No (V)

0.1

0.05

=== Cal. Current Density = 1.0 A/cm?2
=== Cal. Current Density = 0.7 A/cm2

=== Cal. Current Density = 0.3 A/cm2

.

> Lab. Current Density = 1.0 A/cm?2

Bir

. Lab. Current Density = 0.7 A/cm2

o /

r
¢

Lab. Current Density = 0.3 A/cm2
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nsAnnegaydeAnglnfnainacndudulagldannisnisunsaesila nananuanstiuiu

Anegeydadndlufnannaaadudu () @uﬁurﬁhm@zﬁmLﬁﬂﬁmﬂvmﬁmnmmLiu%’u'ﬁuﬂm (n,)
ane1Adenes Yakabe, H. et al. [5] Ansgryidadndinihainaanududuiugiuie Aisaldan
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A 5.2 mnwﬁﬁuqmmmiqmLMﬂﬂﬂ“lﬂﬁﬁmﬂmmLﬁwﬁuﬁ'rﬁhmqwml,niumumma:uu 0.1,
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nainuenAeudnauiugn druiussun H,-H,0-Ar iRA A NunILLnszualigein 710.3  waz 0.7
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Mol. Fraction of Hydrogen within Anode
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Mol. Fraction of Carbonmonoxide

within Anode
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Mol. Fraction of Carbonmonoxide
within Anode
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ARNNGUAN AetiudauansnandAyesannisamnniu-ulaasiuann1InIsunsaesflAtiuAe An
AutlsrAndlaesonaesnisundzesuialussuy Wesanaunisawvhu-udanadazanlaanizuanszny
299799 AN UNITEUINeIY usannsnIsunstesiaazaulatieansunsiiuszndneaesluaiugnuses
o v =2 o < 1l o I | o a £
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1 1
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wanulfram1samuRINg MR 750 a9ATadng AINAY 1 usseaniA Taasie @i ldAe sy
H,-H,O0-Ar WHaufsaumeuiunanismaaedtad Yakabe, H. et al. [5] wudnaunisamnniu-udnnag
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= (Grain size : 0.25 micron
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= (Grain size : 0.25 micron
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0.008 Grain size : 2.0 micron
== Grain size : 2.5 micron
= Grain size : 3.0 micron

diameter optimize (cm)

0.006
=== Grain size : 3.5 micron
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0.004 Grainsize 4.5 micron
=== @Grain size : 5.0 micron
0.002 Grain size : 5.5 micron

Grain size : 6.0 micron
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é 06 = Grain size : 5.5 micron
3 = Grain size : 6.0 micron
g
§ 0.4
b

0.2

0 T T T T 1
0 0.2 0.4 0.6 0.8 1
Porosity

NNA 5.46 ponudniussendneAdndouanunguiudulsc@ns inssonaasnisunsaasuialussuy 7

WIABYNIARILA 0.25 T8 6.0 lulasiums svuuuia H,-H,0



84
4~ : . v s o o " o
anarsnAnegaudeAndiinannacududunAdndouncunguiesss 50 Waawin
wevaynAng e luaaeunlaausiaws 0.25 1 6.0 Tulaswns 2eazuuuia Hy-H,0 WAAIAINIn
5.47 wudnnawineyniang udouatuasiaus 1.5 Tulaswes 0 6.0 Tulaswns Arnnsgoydadndlnin
dl ° v ' o 1 o ' ) = a a s uai
PAuaInlaRANuansinaiulinantn egfludes 18.935 v 21.578 Hadlas winauinennianiely
daualunsiausi 025 991.0 Tulaswns AraouvuiuldunszuareudnadAgeuansisaindasiaunn
A o = a a s A X ) o
aynalinndnhe agludae 23.304 0937.823 Aadlead nadwduilineizauinvesgnguiuuedi
paanuawIngetaynIAnetudouelun WaauIn1e9gnIuanas Adulss@nalagsanaen1sunseq
wialuszuuRsananasiag AInInd 5.46 faampraiaainliieynianeludaueTunsious 0.25 091.0
luTasiuas Hannsgaudsdndlidnannannududugelaunu dufuscuutavinaynianielu
douatuni 1.5 Tulaswms Hannsgoyidadndinfinainacndududu 21.578 fadlaad daduauin

a o

aynananign NinlidAnsgeydadndlnfnainacududunluigein

0.04 B Grain size : 0.25 micron
M Grain size : 0.5 micron
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> M Grain size : 1.0 micron
:% 0.03 B Grain size : 1.5 micron
§ M Grain size : 2.0 micron
o 0.025 L .
e M Grain size : 2.5 micron
o
S 0.02 M Grain size : 3.0 micron
g M Grain size : 3.5 micron
© 0.015 "~ m Grain size : 4.0 micron
=]
é 0.01 W Grainsize : 4.5 micron
g M Grain size : 5.0 micron
© 0.005 —m Grain size : 5.5 micron

0 Grain size : 6.0 micron
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0.18 = Grain size : 0.25 micron
— = Grain size : 0.5 micron
;— 0-16 \ ———Grain size : 1.0 micron
-g 0.14 ———Grain size : 1.5 micron
] \ \ = Grain size : 2.0 micron
é 0.12 \ Grain-size: 2.5 micron
E>3 e Grain size : 3.0 micron
o 01 in-size:3.5mi
_5 ——Grain size : 4.0 micron
s 0.08 ———Grain size : 4.5 mi
"qé; e Grain size : 5.0 micron
2 0.06 Grain size : 5.5 micron
S 0.04 Grain size : 6.0 micron
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03 e (Grain size : 0.25 micron

= @Grain size : 0.5 micron
= Grain size : 1.0 micron
= (rain size : 1.5 micron
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== Grain size : 2.5 micron

o
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o
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———Grain size : 3.0 micron
= Grain size : 3.5 micron
Grain size : 4.0 micron

o
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Grain-size:4.5micron
== @Grain size : 5.0 micron
= Grain size : 5.5 micron
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B Grain size : 0.25 micron

0.06 B Grain size :0.5 micron
S B Grain size : 1.0 micron
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] B Grain size : 2.0 micron
o
g 0.04 - B Grain size : 2.5 micron
3 B Grain size : 3.0 micron
S 003 - B Grain size : 3.5 micron
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j 1 Grain size : 4.0 micron
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g 0.02 - B Grain size : 4.5 micron
c
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A-1 WARITUALUSULNSN FISH2T1.CPP

#include<stdio.h>
#include<math.h>
#include<conio.h>

#include<stdlib.h>

float Terrydif(float Pop,float dp,float Top,float Ma,float Tca,float Tcb,float k,float Treff,float Preff,float

Dabref, float e,float t,float yAr,float TcAr,float DaArref);

FILE *super;
void main()
{
/* Consnt variable of Cell*/
float
/*in put*/wt=0.1 , /* Width of chanel fuel cell, (cm) */
/¥in put*/z1=0.2 , [* depth of chanel fuel cell, (cm) */
[¥in put*/J=1.0 , /* Curent Dencity ,(A/cm2) */
/*in put*/z2=0.3995 . /* depth of Anode fuel cell, (cm)*/
/*in put*/e= 0.46 . 1* Porosity (%/100) */
/¥in put*/t= 4.5 ,/* Tortuosity dimensionless */
/*in put*/celllength=2.01 , /* Total Cell length ,(cm) */
Na= 0 ., /* Molar Flux of H2 ,(mol/cm2/s) */
/*in put*/dp=2.6*pow(10,-4) ;. /* Average pore size ,(cm) */

/* Consnt variable of Operation */

float

/*in put*/R= 82.057 . /* Gas constant. (cm3*atm/mol/K) */

/*in put*/Top= 1023.15 , [* Temperature operation ,(K) */

/*in put*/Pop= 1.0 , /* Pressure operation ,(atm) */

F= 96485.3 , /* Faraday Constant */

/*in put*/Tca= 33.2 ., /* Critical Temperature of A. ,(K) */
/l  Pca= 12.8 , /* Critical Pressure of B. , (atm) */

/*in put*/Tcb= 647.1 , /* Critical Temperature of B. ,(K) */

TcAr=150.8 , /* Critical Temperature of Ar. ,(K) */
k= 1.38*pow(10,-16) , /* Boltzmann Constant ,(ergs/K) */



1

Du= 0
Dd1
Dd2

/*in put*/molAold= 0.008

/*in put*/molBold= 0.002

/*in put*/molAr = 0.07

Ma= 2

yAr =0

/* mol.of H2 flow rate ,(mol/s) */

/* mol.of O2 flow rate ,(mol/s) */

/* mol.of Ar flow rate ,(mol/s) */

/* Molecula wight of Hydrogen,(g/mol) */

/* Mole. Fraction of Ar. : Ar/(H20+H2+Ar) */

/* Have input variable of Operation */

float

1

Pa[256]
Pab=

/*in put*/um=20.4597925

I

v[100][100]
vmax[256]
Daeff
ya[50][50]
ytpb[255]={0}
yab[256]
ybb[255]
nconc[256]
navg
nsum=0
molAuse
NT=0

ybb= 0

Tn

, I* Pressure of Gas A in Chanel Feed , (atm)*/

, I* Viscousity of A., (Pa/s) */
, I* velocity profile , (m/s) */
, /[* velocity maximun , (m/s) */
, I* effective diffusion coefficient ,(cm2/s) */
, /* mol. fraction of gas A */
, /* mol. fraction of gas A at TPB. */
, /* mol. fraction of gas A at Bulk phase */
,/* mol. fraction of gas B at Bulk phase */
, /* concrntration overpotential */
, I* Avg. of concrntration overpotential */

, /* Sum. of concrntration overpotential */

/* Variable for Calculate Diffusion Ternary */

float

eab
ea
eb
Dik
Dab

, I* Collision diameter of binary A and B */

, I* Collision diameter of A */

, I* Collision diameter of B */

, I* Knudsen diffusion coefficient, (cm2/s) */

, /* diffusion coefficient of A&B , (cm2/s) */
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/*in put*/Dabref= 0.850 , /* diffusion coefficient of A&B at Treff=293 K,Preff=1atm ,
(cm2/s) */
DaArref=0.77 . /* diffusion coefficient of A&Ar at Treff=293
K,Preff=1atm , (cm2/s) */
/* Operation Variable */
float
/*in put*/znext=0.01
z=0
y=0 ,
zu=0 ;

/*in put*/ynext=0.1

int a=0

/* Check Run % */
float
check=0
nub=0

/* Constant Variable Refferent */

float
/¥in put*/Preff=1 , I* Pressure reffernce for cal Dab, (atm) */
/*in put*/Treff=293 ; I* Temperature refference For cal. Da1 and Dab , (K) */
/l FILE *super;

super=fopen("C:\PROJECT2\\DATAWFISH2T1.txt","w+");

clrscr();
/ ynext = 0.01;
// znext = 0.01;

printf(" \n\n Check +++++++++++++++++++++");
getch();

/* Set operating variable */



/*
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NT=molAold+molBold+molAr;
yab[0] = molAold/NT;
ybb[0] = molBold/NT;
yAr = molAr/NT,;
Pa[0] = yab[0]*Pop;
printf("\n\n yab[0] : %f\tybb[0] : %f",yabl[0],ybb[0]);
/* Start write the code */
ea = 0.77*Tca’k;
eb = 0.77*Tcb*k;
eab= pow((ea*eb),0.5);
Tn = k*Top/eab;
printf("\n\n Tn of eab at Top : %f K", Tn);
Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;

printf("\n\n D2 : %f egsd",Dd2);

Tn = k*Treff/eab;

printf("\n\n Tn of eab at Treff : %f K",Daeff);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;

*/
1

1

printf("\\n\n Dd1 : %f egsd",Dd1);

Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\\n\n Dab : %f cm2/s",Dab);

Dik = 4850*dp*pow((Top/Ma),0.5);

printf("\n\n Dik : %f cm2/s",Dik);

Daeff = (e/t)* pow(((1/Dab)+(1/Dik)),-1);

printf("\n\n Daeff : %f cm2/s",Daeff);

getch();
Daeff = Terrydif(Pop,dp,Top,Ma,Tca,Tcb k,Treff,Preff,Dabref, e, t, yAr, TcAr, DaArref);
y+=ynext;
a=0;
while(y<=celllength)
{
printf("\n\n in The Roop1\n");
getch();



1
2));
1
1
1
I
1
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z = z1+znext;
b=0;
nub=(z2-z1)/znext;
while(z<=z2)
{

printf("\n\n In The ROOP 2");

printf("\n\n Yab[%d] : %f",a,yab[a]);
getch();

printf("(J*R*Top/(2*F*Daeff*Pop)*(z1-z)) :%f",(J*R*Top/(2*F*Daeff*Pop)*(z1-

yala][b] = (J*R*Top/(2*F*Daeff*Pop)*(z1-z)) + yab[a];
b++;
z=z+znext;
check=b/nub*100;
clrser();
printf("\nRun fine H2 mol fraction : %.3f persen",check);
printf("\n\nYa[%d][%d] : %f\n\n",a,b-1,yala][b-1]);
getch();
}
printf("\n\nYa[%d][%d] : %f\n\n",a,b,yala][b]);
printf("\n\n Out of roop");
getch();
ytpb[a] = (J*R*Top / (2*F*Daeff*Pop)*(z1-z2))+yab[a];
printf("\n\n YTPB : %f \t at y=%f",ytpb[al,y);
printf("\n++++++++++++++++");
getch();
nconcla] = (-1)*(R*Top/2/F) * (1.013/10) * log((J*R*Top/2/F/Daeff/Pop*(z1-z2) +

yabl[a]) * (1-yab[a]) / yabla] /(1 - (J*R*Top/2/F/Daeff/Pop*(z1-z2))) );

- ytpblal-yAr) );

1

nconcla] = (-1)*(R*Top/2/F) * (1.013/10) * log(ytpb[a] * (1-yab[al-yAr) / yabl[a] /(1

printf("\n\n nconc[%d] : %f mV.",a,nconc(a]);
getch();

/* Calculation For molar coverse at reaction zone */
Na = (ytpb[a]-yab[a])*Daeff*Pop/(R*Top)/(z1-z2);

molAuse = Na * (ynext*wt);



/1

yab[a+1] = (molAold - molAuse)/NT;
ybb[a+1] = (1-yab[a+1]-yAr);

Pa[a+1] = Pa[a]*(molAold-molAuse)/molAold;
molAold -= molAuse;

molAold = yab[a+1]*NT;

/* Kkkkkkkkkkkkkkkk End Of CaL Fhkkkkkhkkkkkkkhkk */

i= 0+znext;
g=0
zu=0;

printf("\n\n Befor think : Vmax");
printf("\n\nPa[%d] : %fnPa[%d] : %f\num : %f\nynext : %f\nz1 :

%f" a,Pa[al,a+1,Pala+1],um,ynext,z1);

1

1

1

1

1

1

getch();
printf("\nzu : %f\tz1 : %f\tvmax[%d] : %fcm/s\n\n\n",zu,z1,a,vmax[al);
getch();
vmax[a] = (Pa[a] - Pa[a+1])/2/um/ynext * (z1*z1/4) * (1.013*pow(10,5));
printf("\n\n Vmax[a] : %f",vmax[al);
printf("\n\M\n ++++++++++++++++ befor into the loop ZU");
getch();
printf("\nzu : %f\tz1 : %f\tvmax[%d] : %fcm/s\n\n\n",zu,z1,a,vmax[a]);
getch();
while(zu<=z1)
{
printf("\n\nINTER LOPP ZU");
printf("\nzu : %f\tz1 : %f\tvmax[%d] : %fcm/s",zu,z1,a,vmax(al);
getch();
v[allg] = 4*(zu/z1)*vmax[a]*(z1-zu)/z1;
g++;
zut+=znext;
printf("\nM\M\nV[%d][%d] : %f cm/s",a,g-1,v[a][g-1]);
getch();
}
y+=ynext;

a++;
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1
/*

*/

for(i=0;i<a;i++)
{
nsum = nsum + nconcli];
}
printf("\n\n\n | : %d",i);
getch();

navg = nsum/i;

/ Show output in File Datg *******xxxxxxx/
forintf(super,"\nData of The System ");
forintf(super,"\nFeed H2 : %f mol/s\tyH2 : %f",molAold,yab[0]);
forintf(super,"\nFeed H20 : %f mol/s\tyH20 : %f",molBold,ybb[0]);
fprintf(super,"\nFeed Ar : %f mol/s\tyAr : %f",molAr,yAr);
forintf(super,"\n\nKnudsen diffusion : %f cm2/s",Dik);
forintf(super,"\nH20-H2 diffusion : %f cm2/s",Dab);
forintf(super,"\nH2-Ar diffusion : %f cm2/s",DaAr);
forintf(super,"\nH20-H2-Ar diffusion : %f cm2/s",Daeff);
celllength-=0.01;
forintf(super,"\n\nData of Fuel cell size ");
forintf(super,"\n\nCell length : %f cm.",celllength);
forintf(super,"\nCell Wide : %f cm.",wt);
forintf(super,"\nFeed Chanel high : %f cm.",z1);
forintf(super,"\nAnode deep : %f cm." z2-z1);
fprintf(super,"\nPorosity : %f persen",e*100);
forintf(super,"\nTortuosity : %f",1);
fprintf(super,"\nDiff of direction Y : %f cm",ynext);
forintf(super,"\nDiff of direction Z : %f cm",znext);
forintf(super,"\nCerrent Density : %f A/lcm2",J);
forintf(super,"Distance\tyA in chaneltCC OV");
for(i=0;i<a;i++)
{

forintf(super,"%f\t%\t%f",i*ynext,yabli],nconcli]);

forintf(super,"\n\nAvg. Concentration overpotential : %f V",navg);

forintf(super,"\nSum.Toatal Concentration overpotential : %f V",nsum);
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1

y=0;

for(i=0;i<a;i++)

{

}

z=z1;

y+=ynext;
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fprintf(super,"\n\n\nRaYa : %f to %f\nz : %At\tH2BuUlk Frac. : %f",y-ynext,y,z,yabli]);

forintf(super,"\nPa[%d] : %f atm.",i,Pali]);
forintf(super,"\nMol.A bulk : %f mol/s",yab[i]*NT);
forintf(super,"\nz : %At\tH2Bulk Frac. : %f",z,yab[i]);
for(h=0;h<b:h++)
{

z+=znext;

forintf(super,"\nz : %At\tH2faction : %f",z,yalil[h]);
}
forintf(super,\n\nY(TPB) : %f\tAT Z2 : %f cm." ytpb[il,z2);

forintf(super,"\nConcentration Overpotential : %f V.",nconc[i]);

[ 44+t RPrint Velocity ++++++

/

/

forintf(super,"\n\n\n**********Calculation The Velocity*********xxxxm),

y=0;

for(i=0;i<a;i++)

{

z=0;

y+=ynext;

forintf(super,"\n\n\nRaYa : %f to %f\nz : %f",y-ynext,y);
forintf(super,"\nz : %At\tH2Bulk Frac. : %f",z,yab[i]);
for(h=0;h<g;h++)

{

forintf(super,"\nz : %At\tVelocity : %f cm2/s",z,v[il[h]);

Z+=znext;

}

forintf(super,"\n\nVmax : %f cm/s",vmax[i]);



}

fclose(super);

printf("\n\n\n\n\n\n\n\t

getch();

END OF RUN
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float Terrydif(float Pop,float dp,float Top,float Ma,float Tca,float Tcb,float k,float Treff,float Preff,float

Dabref, float e,float t,float yAr,float TcAr,float DaArref)

{
/*

*/

1

float

float

yAr=0.2

Pop=1

dp =2.6*pow(10,-4)
Top =1023.15

Ma =2

Tca=33.2
Tcb=647.1

k= 1.38"pow(10,-16)
TcAr=150.8

Treff= 293

Preff= 1

Dabref= 0.850
DaArref= 0.77

e= 0.46

t= 4.5

DTeff=0
DaAr=0
Dab=0
Daeff=0
Dik=0
ea=0
eb=0
eab=0
Tn=0
Dd2=0
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Dd1=0 ;
eAr=0 '
eaAr=0 :
clrscr();
/* Calculation The Knudsen diffusion */
Dik = 4850*dp*pow((Top/Ma),0.5);
printf("\n\n Dik : %f cm2/s",Dik);
/* Calculation The D12 binary diffusion */
ea = 0.77*Tca*k;
eb = 0.77*Tcb*k;
eab= pow((ea*eb),0.5);
Tn = k*Top/eab;
printf("\n\n Tn of eab at Top : %f K", Tn);
Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd2 of Dab : %f egsd",Dd2);
Tn = k*Treff/eab;
printf("\n\n Tn of eab at Treff : %f K", Tn);
Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;
printf("\\n\n Dd1 of Dab : %f egsd",Dd1);
Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\n\n Dab : %f cm2/s",Dab);
/* Calculation The B1Ar of innert gas Vs. Fuel gas Diffusion */
eAr = 0.77*TcAr’k;
eaAr= pow((ea*eAr),0.5);
Tn = k*Top/eaAr;
printf("\n\n Tn of eAr at Top : %f K", Tn);
Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd2 of DaAr : %f egsd ",Dd2);
Tn = k*Treff/eaAr;
printf("\n\n Tn of eab at Treff : %f K", Tn);
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Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd1 of DaAr : %f egsd",Dd1);
DaAr = DaArref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\n\n DaAr : %f cm2/s",DaAr);
[t Caleulation The ternary diffusion coefficient ****** *xx/
DTeff = (e/t) * (1/((1/Dik) + (1/DaAr) + (((1/Dab) - (1/DaAn))*(1-yArn)) ));
printf("\n\n\n\nShow the result of Ternary Diffusion ");
printf("\n\nDTeff : %f cm2/s",DTeff);
forintf(super,"\nData of The System of H2-H20-Ar");
forintf(super,"\n\nKnudsen diffusion : %f cm2/s",Dik);
forintf(super,"\nH20-H2 diffusion : %f cm2/s",Dab);
forintf(super,"\n\nH2-Ar diffusion : %f cm2/s",DaAr);
forintf(super,"\nH20-H2-Ar diffusion : %f cm2/s",DTeff);
getch();
return(DTeff);
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A-2 WARISUALUSLASN FISK2V2.CPP

#include<stdio.h>
#include<math.h>
#include<conio.h>

#include<stdlib.h>

void main()
{

/* Consnt variable of Cell*/

float
/*in put*/wt=0.1 ., /* Width of chanel fuel cell, (cm) */
/*in put*/z1=0.2 ., [* depth of chanel fuel cell, (cm) */
/*in put*/J=1.0 , /* Curent Dencity ,(A/cm2) */
/*in put*/z2=0.3995 ., [* depth of Anode fuel cell, (cm)*/
/*in put*/e= 0.46 , I* Porosity (%/100) */
/*in put*/t= 4.5 , [* Tortuosity dimensionless */
/*in put*/celllength=2.01 , /* Total Cell length ,(cm) */

Na= 0 ., /* Molar Flux of H2 ,(mol/cm2/s) */

/*in put*/dp=2.6*pow(10,-4) ;- /* Average pore size ,(cm) */

/* Consnt variable of Operation */

float
/*in put*/R= 82.057 . /* Gas constant. (cm3*atm/mol/K) */
/*in put*/Top= 1023.15 ., /* Temperature operation ,(K) */
/*in put*/Pop= 1.0 , /™ Pressure operation ,(atm) */
F= 96485.3 , /* Faraday Constant */
/*in put*/Tca= 33.2 ., /* Critical Temperature of A. ,(K) */
/l Pca= 12.8 , /* Critical Pressure of B. , (atm) */
/¥in put*/Tcb= 647.1 , /* Critical Temperature of B. ,(K) */
k= 1.38*pow(10,-16) , /* Boltzmann Constant ,(ergs/K) */
1 Du= 0 ,
Dd1 ,
Dd2 ,
/*in put*/molAold= 0.008 . /*mol.of H2 flow rate ,(mol/s) */

/*in put*/molBold= 0.002 , /*mol.of O2 flow rate ,(mol/s) */
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Ma= 2 ; /* Molecula wight of Hydrogen,(g/mol) */

/* Have input variable of Operation */

float
Pa[256] , I* Pressure of Gas A in Chanel Feed , (atm)*/
1 Pab=
/*in put*/um=20.4597925 , I* Viscousity of A. , (Pa/s) */
v[100][100] , I* velocity profile , (m/s) */
vmax[256] , I* velocity maximun , (m/s) */
Daeff , I* effective diffusion coefficient ,(cm2/s) */
ya[50][50] , I* mol. fraction of gas A */
ytpb[255]={0} , I* mol. fraction of gas A at TPB. */
yab[256] , ¥ mol. fraction of gas A at Bulk phase */
ybb[255] , /*'mol. fraction of gas B at Bulk phase */
nconc[256] , I* concrntration overpotential */
navg , /" Avg. of concrntration overpotential */
nsum=0 , /* Sum. of concrntration overpotential */
eab , I* Collision diameter of binary A and B */
ea , /* Collision diameter of A */
eb , /* Collision diameter of B */
Dik , I* Knudsen diffusion coefficient, (cm2/s) */
Dab . /* diffusion coefficient of A&B , (cm2/s) */
/*in put*/Dabref= 0.850 , I* diffusion coefficient of A&B at Treff=293 K,Preff=1atm ,
(cm2/s) */
molAuse ;
NT=0 ,
I ybb= 0 ,
n

/* Operation Variable */
float
/¥in put*/znext=0.01
z=0 ,
y=0 :
zu=0 ,

/*in put*/ynext=0.1
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int a=0 ,

/* Check Run % */
float
check=0
nub=0 ;

/* Constant Variable Refferent */

float

/*in put*/Preff=1 , I* Pressure reffernce for cal Dab, (atm) */

/¥in put*/Treff=293 ; I* Temperature refference For cal. Da1 and Dab , (K) */
FILE *super;

super=fopen("C:\PROJECT2\DATAWFISK2V2. txt","w+");

clrscr();
/l ynext = 0.01;
/! znext = 0.01;

printf(" \n\n Check +++++++++++++++++++++");

getch();

/* Set operating variable */

NT=molAold+molBold;

yab[0] = molAold/NT;

ybb[0] = 1-yabl0];

Pa[0] = yab[0]*Pop;

printf("\n\n yab[0] : %f\tybb[0] : %f",yab[0],ybb[0]);

/* Start write the code */

ea = 0.77*Tca’k;

eb = 0.77*Tcb*k;

eab= pow((ea*eb),0.5);

Tn = k*Top/eab;

printf("\n\n Tn of eab at Top : %f K", Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 : %f egsd",Dd2);
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Tn = k*Treff/eab;
printf("\n\n Tn of eab at Treff : %f K",Daeff);
Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;
printf("\\n\n Dd1 : %f egsd",Dd1);
Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\n\n Dab : %f cm2/s",Dab);
Dik = 4850*dp*pow((Top/Ma),0.5);
printf("\n\n Dik : %f cm2/s",Dik);
Daeff = (e/t)* pow(((1/Dab)+(1/Dik)),-1);
printf("\n\n Daeff : %f cm2/s",Daeff);
" getch();
y+=ynext;
a=0;
while(y<=celllength)
{
printf("\n\n in The Roop1\n");
/l getch();
z = z1+znext;
b=0;
nub=(z2-z1)/znext;
while(z<=z2)
{
printf("\n\n In The ROOP 2");
printf("\n\n Yab[%d] : %f",a,yabla]);
/I getch();
printf("(J*R*Top/(2*F*Daeff*Pop)*(z1-2)) :%f",(J*R*Top/(2*F*Daeff*Pop)*(z1-

yala][b] = (J*R*Top/(2*F*Daeff*Pop)*(z1-z)) + yablal;
b++;
z=z+znext;
check=b/nub*100;
/I clrscr();
printf("\\nRun fine H2 mol fraction : %.3f persen",check);

printf("\n\nYa[%d][%d] : %f\n\n",a,b-1,yala][b-1]);
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1 getch();

}

printf("\\n\nYa[%d][%d] : %f\n\n",a,b,yala][b]);

printf("\n\n Out of roop");
/" getch();

ytpb[a] = (J*R*Top / (2*F*Daeff*Pop)*(z1-z2))+yabla];

printf("\n\n YTPB : %f \t at y=%f",ytpb[al,y);

printf("\n++++++++++++++++");
/" geteh();

nconcla] = (-1)*(R*Top/2/F) * (1.013/10) * log(ytpb[a] * (1-yab[a]) / yab[a] /(1 -
ytobla]) );

printf("\n\n nconc[%d] : %f mV.",a,nconcl[a]);
/" getch();

/* Calculation For molar coverse at reaction zone */

Na = (ytpb[a]-yab[a])*Daeff*Pop/(R*Top)/(z1-z2);

molAuse = Na * (ynext*wt);

yab[a+1] = (molAold - molAuse)/NT;

ybbla+1] = (1-yab[a+1]);

Pa[a+1] = Pa[a]*(molAold-molAuse)/molAold;

molAold -= molAuse;
/l molAold = yab[a+1]*NT;

Jx wrrrnrkerkkn g Of Gal, HHkkrekkcrkkr %/

i= 0+znext;

g=0;

zu=0;

printf("\n\n Befor think : Vmax");

printf("\\n\nPa[%d] : %f\nPa[%d] : %f\num : %f\nynext : %f\nz1 :
%f",a,Pala],a+1,Pala+1],um,ynext,z1);
/l getch();

printf("\nzu : %f\tz1 : %f\tvmax[%d] : %fcm/s\n\n\n",zu,z1,a,vmax[al);
/" geteh();

vmax[a] = (Pa[a] - Pa[a+1])/2/um/ynext * (z1*z1/4) * (1.013*pow(10,5));

printf("\n\n Vmax[a] : %f",vmax[al);

printf("\n\n\n ++++++++++++++++ befor into the loop ZU");

/! getch();



1

1

1

1
1

printf("\nzu : %A\tz1 : %Atvmax[%d] : %fcm/s\n\n\n",zu,z1,a,vmax[al);
getch();

while(zu<=z1)

{
printf("\n\nINTER LOPP ZU");
printf("\nzu : %f\tz1 : %f\tvmax[%d] : %fcm/s",zu,z1,a,vmax(al);
getch();
v[allg] = 4*(zu/z1)*vmax[a]*(z1-zu)/z1;
g+t
Zut+=znext;
printf("\\n\mM\nV[%d][%d] : %f cm/s",a,g-1,v[al[g-1]);
getch();
}
y+=ynext;
a++;
}
for(i=0;i<a;i++)
{
nsum = nsum + nconcli];
}

printf("\n\n\n | : %d",i);
getch();

navg = nsum/i;

**************/

/ Show output in File Data
celllength -= 0.01;

z2=72-71;

forintf(super,"\nData of The System of H2-H20"),
forintf(super,"\n\nFeed H2 : %f mol/s\tyH2 : %f",molAold,yab[0]);
forintf(super,"\nFeed H20 : %f mol/s\tyH20 : %f",molBold,ybb[0]);
forintf(super,"\n\nKnudsen diffusion : %f cm2/s",Dik);
fprintf(super,"\nH2-H20 diffusion : %f cm?2/s",Dab);
forintf(super,"\ndiffusion effect of H2 : %f cm2/s",Daeff);
forintf(super,"\n\n\nData of Fuel cell size ");

fprintf(super,"\n\nCell length : %f cm.",celllength);

forintf(super,"\nCell Wide : %f cm.",wt);
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forintf(super,"\nFeed Chanel high : %f cm.",z1);
forintf(super,"\nAnode deep : %f cm.",z2);
forintf(super,"\nAnode Reaction Zone deep : %f cm",0.4-z2);
fprintf(super,"\nDiff of direction Y : %f cm",ynext);
forintf(super,"\nDiff of direction Z : %f cm",znext);
forintf(super,"\nCerrent Density : %f A/lcm2",J);
forintf(super,"\n\n\nAvg. Concentration overpotential : %f V",navg);
forintf(super,"\nSum.Toatal Concentration overpotential : %f V",nsum);
y=0;

for(i=0;i<a;i++)

{
z=z1,
y+=ynext;
forintf(super,"\n\n\nRaYa : %f to %f\nz : %At\tH2Bulk Frac. : %f",y-ynext,y,z,yabli]);
forintf(super,"\nPa[%d] : %f atm.",i,Pa[i]);
forintf(super,"\nMol.A bulk : %f mol/s",yab[i]*NT);
forintf(super,"\nz : %At\tH2Bulk Frac. : %f",z,yab[i]);
for(h=0;h<b;h++)
{
z+=znext;
forintf(super,"\nz : %At\tH2faction : %f",z,yalil[h]);
}
forintf(super,\n\nY(TPB) : %f\tAt Z2 : %f cm." ytpb[i],z2+0.2);
forintf(super,"\nConcentration Overpotential : %f V.",nconc[i]);
}

[ ++++ - HHPrint Velocity +++++++

/ /
forintf(super,\N\n\n**********Calculation The Velocity*********xxxxm,
y=0;
for(i=0;i<a;i++)
{
z=0;
y+=ynext;
fprintf(super,"\n\n\nRaYa : %f to %f\nz : %f"y-ynext,y);
forintf(super,"\nz : %At\tH2Bulk Frac. : %f",z,yab[i]);
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for(h=0;h<g;h++)
{
forintf(super,"\nz : %At\tVelocity : %f cm2/s",z,v[il[h]);
Z+=znext;
}
forintf(super,"\n\nVmax : %f cm/s",vmax[i]);

}

fclose(super);

printf("\n\n\n\n\n\n\n\t END OF RUN ");

getch();



A-3 WAMITUALUSLNSN SMMTMO1.CPP

#include<stdio.h>
#include<conio.h>
#include<math.h>

#include<stdlib.h>

/***** Cal. Fick's Model Ternary Diffusion Hydrogen fuel System Version 1 ******/

float DiffusCoeffAB(float Top, float Pop,float dp,double e,float t);

float DiffusCoeffAAr(float Top, float Pop,float dp,double e,float t);

float Molfrac(float J, float Top, float Pop, float z1, float yabulk, float RDeep, float z2, float DaeffAB,

float DaeffAAr, float yAr);
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void ConvMolf(float ytpb, float yabulk, float Pop, float Top, float z1, float z2, float ynext, float wt, float

molAold, float NT, float Pa, float DaeffAB, float DaeffAAr, float yAr);

float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2);

void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y);

void avgsum();

void printKeep();

float sum = 0; /* Sumasion of concentration overpotential ,(v)*/

int nub = 0; /* Count of loop in calculation process , (times)*/

float temp[10]; /* Temp of transfer data of function */

float keep[25]; /* keep in data for printf in file of power */

FILE *super;

FILE *power;

void main()

{

[ Variable Show That @ Fix system ****/

float J =0.7, /* Curent Dencity ,(A/lcm2) */

F =96485.3, /* Faraday Constant */
Top =1023.15, /* Temperature operation ,(K) */
Pop =1.0, /* Pressure operation ,(atm) */
um =20.4597925, /* Viscousity of A. , (Pa/s) */
DaeffAB =0, /* effective diffusion coefficient ,(cm2/s) */
DaeffAAr =0, /* effective diffusion coefficient ,(cm2/s) */
z1 =0.2, /* depth of chanel fuel cell, (cm) */



z2 =0.395,
wt =01,
celllength  =2.01,
yabulk =0,
ybbulk =
yAr =
ytpb =
RDeep =0.005;
float e =0.46,

t =45,

dp = 2.6*pow(10,-4);

float NT =0

molAold = 0.0008
process ,(mol/s) */

molBold = 0.0002
*/

molAr = 0.007 ,

Pa =0 /

Panew =0 p
float y =0

ynext =0.1

127
/* depth of Anode fuel cell, (cm)*/
/* whild of chanel fuel cell, (cm)*/
/* total cell length ,(cm) */
/* mol. fraction of gas A at Bulk phase */
/* mol. fraction of gas B at Bulk phase */
/* Mole fraction of Ar in System */
/* mol. fraction of gas A at TPB */
/* Thickness of reaction zone ,(cm) */
/* Porosity (%/100) */
/* Tortuosity dimensionless */
/* Average pore size ,(cm) */
/* Total mol in the system ,(mol/s) */

/* mol A at operate start

/* mol B at operate start process ,(mol/s)

/* mol Ar at operate start process ,(mol/s) */

/* Partial Pressure A ,(atm) */

/* operate Raya of cell ,(cm) */

/* move the y ,(cm) */

/¥ Open White Code File and Clrscr Screen Output *******/

clrscr();

super=fopen("C:\\PROJECT3WDATAN\SMMTMO1.txt","w+");

power=fopen("C:\PROJECT3\DATANSMMTMO1C.txt","w+");

/* Set operating variable */
NT = molAold+molBold+molAr;
yabulk = molAold/NT;
ybbulk = molBold/NT;
yAr = 1.0 - (yabulk+ybbulk);
Pa = yabulk*Pop;
printf("\nyA : %f",yabulk);
printf("\nyB : %f",ybbulk);
printf("\n\n\n\n yAr : %f",yAr);

" getch();



/

/

[ Start Show The Data Setup The System ** s/

forintf(super,"+++++++Start Show The Data Setup The System+++++++");

forintf(super,"\nCurent Dencity
fprintf(super,"\nTemperature operation
fprintf(super,"\nPressure operation
fprintf(super,"\ndepth of chanel fuel cell (z1)
fprintf(super,"\ndepth of Anode fuel cell (z2)
fprintf(super,"\nMol. fraction of gas A at Bulk phase
fprintf(super,"\nMol. fraction of gas B at Bulk phase
fprintf(super,"\nMole fraction of Ar in System
fprintf(super,"\nMole A Feed at Bulk phase
fprintf(super,"\nMole B Feed at Bulk phase
fprintf(super,"\nMole Ar Feed at Bulk phase
fprintf(super,"\nTotal of mol in the system
fprintf(super,"\nPartial Pressure A
fprintf(super,"\nThickness of reaction zone
fprintf(power,"Data Cut of : ");

fprintf(power,"\nRaya\t  nub-

1 %f (A/em2)"J);
: %f (K)", Top);
. %f (atm)",Pop);
: %f (cm)",z1);
. %f (cm)",z2);
: %f " yabulk);
: %f ",ybbulk);
2 %f " yAr);
: %f ",molAold);
: %f ",molBold);
: %f " molAr);
2 %f "NT);
: %f (atm)",Pa);

. %f (cm)",RDeep);

loop\td(A/cm2)\tPa(atm)\t\tyabulk\t\tVmax(cm/s)\tyAtpb\t\tnconc");

/****** Run Code *******/

cm

DaeffAB = DiffusCoeffAB(Top,Pop,dp,e,t);
DaeffAAr = DiffusCoeffAAr(Top,Pop,dp,e,t);
y = y+ynext;

while(y<=celllength)

{

fprintf(super,"\N\n\n\n\n\n\n

y-ynexty);

Rayay: %fcmtoy : %f

fprintf(super,"\n\nData in This Loop nub : %d",nub+1);

fprintf(super,"\n\nCerrent density (J) : %f A/lcm2",J);

fprintf(super,"\nyAbulk : %f ",yabulk);
fprintf(super,"\nyBbulk : %f ",ybbulk);
fprintf(super,"\nMole fraction of Ar in System

fprintf(super,"\nPartial Pressure A

. %f ",yAr);
. %f (atm)",Pa);
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keep[0] =y;
keep[1] = J;
keep[2] = Pa;
keep[3] = yabulk;
keep[10]= ynext;
ytpb = Molfrac(J,Top,Pop,z1,yabulk,RDeep,z2,DaeffAB,DaeffAAr,yAr);
keep[5] = ytpb;
ConvMolf(ytpb, yabulk, Pop, Top, z1, z2, ynext, wt, molAold, NT, Pa, DaeffAB,
DaeffAAr, yAr);
temp[4] = J;
J = CerrentChange(NT,yabulk,F,ynext,wt,Top,DaeffAB,Pop,z1,z2);
yabulk = temp[Q];
Panew =temp[1];
molAold= temp[2];
ybbulk = temp[3];
VeloPro(Pa,Panew,um,ynext,z1,y);
Pa = Panew;
y +=ynext;
printkeep();
}
avgsum();
getch();
fclose(super);
fclose(power);
}
float DiffusCoeffAB(float Top, float Pop,float dp,double e,float t)

{

/% \/ariable Show That : recive value of Calculate *******/

float ea =0, /* Collision diameter of A */
eb =0, /* Collision diameter of B */
eab =0, /* Collision diameter of binary A and B */
Tn =0,
Dd1 =

Dd2 =
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Dab =0, /* diffusion coefficient of A&B , (cm2/s) */
Dik =0, /* Knudsen diffusion coefficient, (cm2/s) */
Daeff =0; /* effective diffusion coefficient ,(cm2/s) */

/7***** \Jariable Show That : Fix of System Binary Diffusion *******/

float Tca =33.2, /* Critical Temperature of A. ,(K) */
Tcb =647.1, /* Critical Temperature of B. ,(K) */
k =1.38*pow(10.0,-16.0), /* Boltzmann Constant ,(ergs/K) */
Treff =293.0, /* Pressure reffernce for cal Dab, (atm) */
Preff =1.0, /* Temperature refference For cal. Da1 and Dab , (K) */
Dabref = 0.850, /* diffusion coefficient of A&B at Treff=293

K,Preff=1atm , (cm2/s) */
Ma =2.0; /* Molecula wight of Hydrogen,(g/mol) */
prerrerrs RUN CODE **+++%/
ea = 0.77*Tca’k;
eb = 0.77*Tcb*k;

eab= pow((ea*eb),0.5);

Tn = k*Top/eab;

printf("\n\n Tn of eab at Top : %f K", Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n D2 : %f egsd",Dd2);

Tn = k*Treff/eab;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\\n\n Dd1 : %f egsd",Dd1);

Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\\n\n Dab : %f cm2/s",Dab);

Dik = 4850*dp*pow((Top/Ma),0.5);

printf("\n\n Dik : %f cm2/s",Dik);

Daeff = (e/t)*Dab;

printf("\n\n Daeff : %f cm2/s",Daeff);
" getch();
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[k Show Data Result of Diffusion /
printf("\n\n\n\nShow the result of Binary Diffusion ");
printf("\n\nDTeff : %f cm2/s",Daeff);

[t Show Data Base Subport of Diffusion /

forintf(super,"\n\n***Data Base Subport***");

forintf(super,"\nBlosmann Constand : %.18f ergs/K " k);

forintf(super,"\nAverage pore size . %f (cm)",dp);

forintf(super,"\nMolecula wight of Hydrogen : %f (g/mol)",Ma);

fprintf(super,"\nCritical Temperature of A.  : %f (K)",Tca);

fprintf(super,"\nCritical Temperature of B.  : %f (K)",Tcb);

forintf(super,"\ndiffusion coefficient of A&B at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff,Dabref);

[rreeeerrshow Data Result of Diffusion /

fprintf(super,"\n\n***Data of The System H2-H20-***");

fprintf(super,"\nKnudsen diffusion : %f cm2/s",Dik);
fprintf(super,"\nH20-H2 diffusion . %f cm2/s",Dab);
fprintf(super,"\nPorosity (e/100) : %f".e):
fprintf(super,"\nTortuosity dimensionless 2 %f"1);

fprintf(super,"\n\nH20-H2 Diffusion effective : %f cm2/s",Daeff);

return(Daeff);
}
float DiffusCoeffAAr(float Top, float Pop,float dp,double e,float t)
{
/******* \Jariable Show That : recive value of Calculate *******/
float ea =0, /* Collision diameter of A */
eb =0, /* Collision diameter of B */
eab =0, /* Collision diameter of binary A and B */
n =
Da1 =
Dd2 =
Dab =0, /* diffusion coefficient of A&B , (cm2/s) */
Dik =0, /* Knudsen diffusion coefficient, (cm2/s) */
Daeff =0; /* effective diffusion coefficient ,(cm2/s) */

[ Variable Show That : Fix of System Binary Diffusion *******/

float Tca =33.2, /* Critical Temperature of A. ,(K) */
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TcAr =150.8, /* Critical Temperature of Ar. ,(K) */

k =1.38*pow(10.0,-16.0), /* Boltzmann Constant ,(ergs/K) */

Treff = 293.0, /* Pressure reffernce for cal Dab, (atm) */
Preff =1.0, /* Temperature refference For cal. Da1 and Dab , (K) */
Dabref =0.794, /* diffusion coefficient of A&B at Treff=293

K,Preff=1atm , (cm2/s) */
Ma =2.0, /* Molecula wight of Hydrogen,(g/mol) */
Tcb =0.0; /* Critical Temperature of B. ,(K) */

Jrrrerix RUN CODE *#++++%/

Tcb = TcAr,

ea = 0.77*Tca’k;

eb = 0.77*Tcb*k;

eab= pow((ea*eb),0.5);

Tn = k*Top/eab;

printf("\n\n Tn of eab at Top : %f K",Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 : %f egsd",Dd2);

Tn = k*Treff/eab;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd1 : %f egsd",Dd1);

Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\n\n Dab : %f cm2/s",Dab);

Dik = 4850*dp*pow((Top/Ma),0.5);

printf("\n\n Dik : %f cm2/s",Dik);

Daeff = (e/t)*Dab;

printf("\n\n Daeff : %f cm2/s",Daeff);

/l getch();

[ Show Data Result of Diffusion /
printf("\n\n\n\nShow the result of Binary Diffusion of A&Ar");
printf("\n\nDTeff A&Ar : %f cm2/s",Daeff);

[rreeeeshow Data Base Subport of Diffusion /

forintf(super,"\n\n***Data Base Subport***");
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fprintf(super,"\nBlosmann Constand : %.18f ergs/K " k);
forintf(super,"\nAverage pore size : %f (cm)",dp);
fprintf(super,"\nMolecula wight of Hydrogen . %f (g/mol)",Ma);
forintf(super,"\nCritical Temperature of A.  : %f (K)",Tca);
forintf(super,"\nCritical Temperature of Ar. : %f (K)", Tcb);
forintf(super,"\ndiffusion coefficient of A&Ar at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff,Dabref);

[k Show Data Result of Diffusion /

fprintf(super,"\n\n***Data of The System H2-Ar***");

forintf(super,"\nKnudsen diffusion : %f cm2/s",Dik);
forintf(super,"\nAr-H2 diffusion - %f cm2/s",Dab);
forintf(super,"\nPorosity (e/100) : %f"e);
forintf(super,"\nTortuosity dimensionless : %f"1);

forintf(super,"\n\nH2-Ar Diffusion effective 1 %f cm2/s",Daeff);

return(Daeff);
}
float Molfrac(float J, float Top, float Pop, float z1, float yabulk, float RDeep, float z2, float DaeffAB,
float DaeffAAr, float yAr)
{
[ Variable Show That : Operate Program  *******/

float [ =0,

znext  =0.01;

[*==* \/ariable Show That : recive data of Calcuate *******/

float ya=0, /* mol. fraction of gas A */

yatpb =0, /* mol. fraction of gas A at TPB. */

nconc =0, /* concrntration overpotential */

F =96485.3, /* Faraday Constant */

R1 =82.057, /* Gas constant. (cm3*atm/mol/K) */
R2 =8.3143; /* Gas constant. (J/mol/K) */

e RUn Code 4/
i=z1+znext;
forintf(super,"\n\nStart ya,bulk : %f at Z : %f",yabulk,z1);
printf("Start ya,bulk : %f at Z : %f",yabulk,z1);
while(i<=z2)

{
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ya = ((J*R1*Top/(2*F*Pop*DaeffAB*DaeffAAr)) * ((DaeffAAr*(1-yAr)) +
(DaeffAB*yAr)) * (z1-i)) + yabulk;
forintf(super,"\nZ : %f cm.\tya : %f",i,ya);
printf("\nZ : %f cm.\tya : %f",i,ya);
i=i+znext;
}
yatpb = ((J*R1*Top/(2*F*Pop*DaeffAB*DaeffAAr)) * ((DaeffAAr*(1-yAr)) + (DaeffAB*yAr)) *
(z1-z2)) + yabulk;
nconc = (-1) * (R2*Top) / (2*F) * log(yatpb*(1-yabulk)/yabulk/(1-yatpb));
keep[6] = nconc;
sum += nconc;
nub++;
forintf(super,"\n\nZ : %f cm. \tya,TPB : %f",z2,yatpb);
forintf(super,"\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);
printf("\n\nZ : %f cm. \tya,TPB : %f",z2,yatpb);
printf("\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);
return(yatpb);
}
void ConvMolf(float ytpb, float yabulk, float Pop, float Top, float z1, float z2, float ynext, float wt, float

molAold, float NT, float Pa, float DaeffAB,float DaeffAAr, float yAr)

{
float R =82.057 ; /* Gas Constant ,cm3.atm/mol/K */
float Na ,
molAuse ,
yabnew
ybbnew
Panew
molAoldnew
Na = (ytpb-yabulk)*(Pop*DaeffAB*DaeffAAr)/(z1-z2)/(R*Top*(DaeffAAr*(1-
yAr)+(DaeffAB*yAr)));

molAuse = Na * (ynext*wt);
yabnew = (molAold - molAuse)/NT;
ybbnew = (1-yabnew);



}
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Panew = Pa*(molAold-molAuse)/molAold;
molAoldnew = molAold-molAuse;
temp[0] = yabnew;
temp[1] = Panew;
temp[2] = molAoldnew;
temp[3] = ybbnew;
fprintf(super,"\n\n\nData of function Mol. Convers");
forintf(super,"\n\nmolAuse : %.10f mol",molAuse);
fprintf(super,"\nmolAold : %.10f mol",molAold);
forintf(super,"\nmolAnew for next element : %.10f mol",molAocldnew);
forintf(super,"\nPressure A old : %f atm",Pa);
forintf(super,"\nPressure A new : %f atm",Panew);
fprintf(super,"\nyAbulk new : %f" yabnew);
forintf(super,"\nyBbulk new : %f",ybbnew);

float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2)

{

1

float Jnew = 0; /* Cerrent Dencity for new calculate */

float R = 82.057; /* Gas Constant cm3.atm/(mol.K) */

Jnew = NT*yabulk*2.0*F / (ynext*wt) / (1.0 - (NT*R*Top/(ynext*wt)/Daeff/Pop*(z1-z2)));
Jnew = temp[4] * (temp[0]/yabulk);

printf("\n\ntemp[4] : %f",temp[4]);

printf("\ntemp[0] : %f",temp[0]);

printf("\nyabulk : %f",yabulk);

printf("\n Jnew : %f A/lcm2",Jnew);

getch();

forintf(super,"\n\nFunction *** CerrentChange ***");

forintf(super,"\n\nNew Cerrent density (Jnew) for next Loop (nub : %d) : %f

A/lcm2".nub+2,Jnew);

}

return(Jnew);

void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y)

{

float zu =0 ,/* operate z direcsion ,cm */



}
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vmax =0 , I* max verocity ,cm/s */
v =0 ;/*vorocity cal profile ,cm/s */

float znext = 0.01 ; /* znext for operate ,cm */

forintf(super,"\n\n\nFunction VeloPrp );
vmax = (Pa - Panew)/2.0/um/ynext * (z1*z1/4.0) * (1.013*pow(10,5.0));
keep[4] = vmax;

forintf(super,"\n\nRaya in Y Direction %f to %f cm",y-ynext,y);
forintf(super,"\n\nRaya %f cm\tVmax : %f cm/s\n",z1/2,vmax);

while(zu<=z1)

{
v = 4.0%(zu/z1) * vmax * (z1 - zu)/z1;
forintf(super,"\nRaya : %f cm\t\tv : %f cm/s",zu,v);
printf("\nRaya : %f cm\t\tv : %f cm/s",zu,v);
ZU += znext;

}

void avgsum()

{

}

float ans =0 ;

ans = sum/nub;

forintf(super,"\n\n\nResult of Concentration Overpotential : ");
forintf(super,"\n\nSum of Concentration Overpotential : %f V',sum);
fprintf(super,"\namonut of Loop in system : %d times",nub);
forintf(super,"\n\nAvg. of concentration ov. : %f V",ans);

printf("\\n\n\nAvg. of concentration ov. : %f V",ans);

void printkeep()

{

forintf(power,"\n%.2f-%.2f\t%d\t% A\t %\t %\ %A\t %At %" keep[0]-

keep[10],keep[0],nub,keep[1],keep[2],keep[3],keep[4],keep[5],keep[6]);

}



A-4 WARISUALLUSLASN SMLO1.CPP

#include<stdio.h>
#include<conio.h>
#include<math.h>

#include<stdlib.h>

float DiffusCoeff(float Top, float Pop,float dp,double e,float t);

void Ltpb(double e,double fe,double fi,double Vt,double ri,double re,double next);

FILE *super;
FILE *power;
void main()

{

[ Variable Show That @ Fix system *******/

float J =1.0,
Top =1023.15,
Pop =1.0,
Daeff =0,
z1 =0.2,
z2 =0.395,
yabulk = 0.8,
R = 82.057,
R2 =8.3143,
RDeep = 0.005;
double e =0.1
fe= 0.5
fi=0.5

Vt= 4.0*pow(10.0,-9.0)
ri= 4.0*pow(10.0,-6.0)
re=4.0*pow(10.0,-6.0)

float dp = 2.6*pow(10,-4),
t =4.5;
/ float znext =0.001
double next = 0.000001

float beta

nconc )

/* Curent Dencity ,(A/lcm2) */
/* Temperature operation ,(K) */
/* Temperature operation ,(K) */
/* effective diffusion coefficient ,(cm2/s) */
/* depth of chanel fuel cell, (cm) */
/* depth of Anode fuel cell, (cm)*/
/* mol. fraction of gas A at Bulk phase */
/* Gas Constand , cm3.atm/(mol.K) */
/* Gas constant. (J/mol/K) */
/* Thickness of reaction zone ,(cm) */

/* Porosity (%/100) */

/* Average pore size ,(cm) */
/* Tortuosity dimensionless */
/* Next step of function Molfrac */

/* Next step of function Ltpb*/
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yatpb :
F =96485.3 :
alfa  =0.665475 ;

JrErees RUn Code ##F 4%/
clrscr();
super=fopen("C:\PROJECT3WDATAWSMLO1.txt","w+");
power=fopen("C:\PROJECTIWDATA\SMLO1C.txt","w+");

[ Start Show The Data Setup The System **** e/

forintf(super,"+++++++Start Show The Data Setup The System-+++++++");

fprintf(super,"\nCurent Dencity - %f (A/lcm2)" J);
fprintf(super,"\nTemperature operation : %f (K)", Top);
fprintf(super,"\nPressure operation . %f (atm)",Pop);
fprintf(super,"\ndepth of chanel fuel cell (z1) : %f (cm)",z1);
fprintf(super,"\ndepth of Anode fuel cell (z2) 1 %f (cm)",z2);

fprintf(super,"\nMol. fraction of gas A at Bulk phase : %f ",yabulk);
fprintf(super,"\nThickness of reaction zone : %f (cm)",RDeep);
JrRreek RUn Code *#*+%/
while(e<1)
{
fprintf(super,\N\n\n+++++++++++++++++ Cal. At Porosity :

Yof++++++++++++++++ttttrttttt++++++++"e);

forintf(super,"\N++++++++++++++++++++++++++++ bbb
e o L o S
Daeff = DiffusCoeff(Top,Pop,dp,e,t);
beta = (-1.0)*(R*Top/Pop)*(J/2.0/F)*(1.0-(alfa*yabulk))/Daeff;
printf("\n\n\n Alfa : %f",alfa);
printf("\n\n beta : %f 1/m",beta);
printf("\n\n Daeff : %f cm2/s",Daeff);
getch();
printf("\n\nAt e : %f, Enter Ytpb Input Data : ",e);
scanf("%f",&yatpb);
printf("\n\n You input Data Ytpb : %f",yatpb);
getch();
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nconc = (-1) * (R2*Top) / (2*F) * log(yatpb*(1-yabulk)/yabulk/(1-yatpb));
fprintf(super,"\n\n\n++++++++++++++++ Result of Overpotential

I o e S R T
forintf(super,"\n\nAlfa : %f",alfa);
forintf(super,"\nbeta : %f 1/m",beta);
forintf(super,"\nDaeff : %f cm2/s",Daeff);
forintf(super,"\nyatpb : %f ",yatpb);
forintf(super,"\nnconc : %f V",nconc);
Ltpb(e,fe,fi,Vi,ri,re,next);
forintf(power,"\n\te : %Atdp : %AtDaeff : %f cm2/s\tnconc : %f V',e,dp,Daeff,nconc);
e =e+0.1;
}
forintf(super,"\n\n++++++++++++++++++++++++++ End Of Cal.
e L s e o B e e A
forintf(super,\N++++++++++++++++++++++++++++++++
4+ttt ),
printf("\n\n++++++++++++++++++++++++++End Of Cal.
S
getch();
fclose(super);

fclose(power);

}

float DiffusCoeff(float Top, float Pop,float dp,double e,float t)

{

/7***** \[ariable Show That : recive value of Calculate *******/

float ea =0, /* Collision diameter of A */

eb =0, /* Collision diameter of B */
eab =0, /* Collision diameter of binary A and B */
Tn =
Dd1 =
Dd2 =0,
Dab =0, /* diffusion coefficient of A&B , (cm2/s) */
Dik =0, /* Knudsen diffusion coefficient, (cm2/s) */
Daeff =0; /* effective diffusion coefficient ,(cm2/s) */

[ Variable Show That : Fix of System Binary Diffusion *******/
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float Tca =33.2, /* Critical Temperature of A. ,(K) */
Tcb =647.1, /* Critical Temperature of B. ,(K) */
k =1.38*pow(10.0,-16.0), /* Boltzmann Constant ,(ergs/K) */
Treff =293.0, /* Pressure reffernce for cal Dab, (atm) */
Preff =1.0, /* Temperature refference For cal. Da1 and Dab , (K) */

Dabref =0.850,

K,Preff=1atm , (cm2/s) */

Ma =2.0;

/******* RUN CODE *******/

ea = 0.77*Tca’k;
eb = 0.77*Tcb*k;
eab= pow((ea*eb),0.5);
Tn = k*Top/eab;

/* diffusion coefficient of A&B at Treff=293

/* Molecula wight of Hydrogen,(g/mol) */

printf("\n\n Tn of eab at Top : %f K",Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 : %f egsd",Dd2);
Tn = k*Treff/eab;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;

1

printf("\n\n Dd1 : %f egsd",Dd1);

Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\n\n Dab : %f cm2/s",Dab);
Dik = 4850*dp*pow((Top/Ma),0.5);

printf("\n\n Dik : %f cm2/s",Dik);
Daeff = (e/t)*Dab;

printf("\n\n Daeff : %f cm2/s",Daeff);

getch();

[t Show Data Result of Diffusion /

printf("\n\n\n\nShow the result of Binary Diffusion ");

printf("\n\nDTeff : %f cm2/s",Daeff);

[reeeeeeighow Data Base Subport of Diffusion /

forintf(super,"\n\n***Data Base Subport***");

forintf(super,"\nBlosmann Constand : %.18f ergs/K " k);
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forintf(super,"\nAverage pore size : %f (cm)",dp);
fprintf(super,"\nMolecula wight of Hydrogen . %f (g/mol)",Ma);
forintf(super,"\nCritical Temperature of A.  : %f (K)",Tca);
forintf(super,"\nCritical Temperature of B.  : %f (K)",Tcb);
forintf(super,"\ndiffusion coefficient of A&B at Treff= %f (K), Preff= %f (atm) : %f

(cm2/s)", Treff,Preff,Dabref);

}

[k Show Data Result of Diffusion /

forintf(super,"\n\n***Data of The System H2-H20-Ar***");

forintf(super,"\nKnudsen diffusion : %f cm2/s",Dik);
fprintf(super,"\nH20-H2 diffusion : %f cm2/s",Dab);
fprintf(super,"\nPorosity (e/100) : %f"e);
forintf(super,"\nTortuosity dimensionless - %f"1);

forintf(super,"\n\nH20-H2 Diffusion effective . %f cm2/s",Daeff);

return(Daeff);

void Ltpb(double e,double fe,double fi,double Vt,double ri,double re,double next)

{

double M ,
vLtpb :
Zie

V1 ]

Zi ,

Ze ,

AL ,

Ltpb

f1

f2

r1

r2 ;
double temp ,

temp1 ,

Answer

int num =0



142
double Z=6.0 ,

d = 0.9%(ri+re) ;

Jrmxssrssekrss CODE RUN /

if(ri>re)

{
r=ri
r2 =re;
f1 =fi;
f2 = fe;

}

else

{
r1=re,
r2 =i
f1 =fe;
f2 =fi;

}

M = (f2/f1) * (pow(r1,3.0))/(pow(r2,3.0));
printf("\n\n\tM : %lf",M);
" getch();
a = (1.0/(2.0*d)) * pow(((4.0*d*d*r1*r1) - pow((d*d* - r2*r2 - r1*r1),2.0)),0.5);
printf("\n\ta : %If",a);
" geteh();
V1= (22.0/7.0) * pow((r1+r2-d),2.0)*(d*d + 2.0*d*r2 - 3.0*r2*r2 + 2.0*d*r1 + 6.0*r2*r1 -
3.0*r1*r1)/(12.0*d);
printf("\n\tV1 : %.30If m3",V1);
/
temp = (1.0-e)*Vt;
printf("\n\ttemp : %.15If \n",temp);
getch();
oV =1.1;
Answer = 0.0;
while(temp>Answer)

{
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OV -=next;
temp1 = ((4.0/3.0)*(22.0/7.0)*(r1*r1*r1 + M*r2*r2*r2)) - ((1-OV)*(1+M)*V1);
Answer = ((1.0-e)*Vt*(1.0/temp1)*(4.0/3.0)*(22.0/7.0)*pow(r1,3.0)) + ((1.0-
e)*VI*M*(1/temp1)*(4.0/3.0)*(22.0/7.0)*pow(r2,3.0)) + ((1.0-e)*Vt*(1.0+M)*(1/temp1)*(1-OV)*V1);

printf("\n(1-e)Vt : %.12IAtOV : %.7I\tAnswer : %.15If" temp,OV,Answer);
}
printf("\n\nFacsion Overlamp(OV) : %lf",0V);
getch();
*/
AL = ri/re;
Zi = 3.0+((Z-3.0)*pow(AL,2.0)/(fe+fi*AL*AL));
Ze = 3.0+((Z-3.0)/(fe+fi*AL*AL));
Zie = fi+fe+Zi+Ze;
printf("\n\n\tZi-e : %lf",Zie);
* geteh();
printf("\n\n Are You OK. about Value of Zi-e. (Yes=1,N0=0) : ");
scanf("%d",&num);
if(num==0)
{
printf("\n\nEnter Your new Zi-e : ");

scanf("%If",&Zie);

else

printf("\n\nWe use Zi-e : %lf" Zie);

getch();

*/

vLtpb = (e*(1.0-e)*(1.0+M)*Zie*(2.0)*(22.0/7.0)*a) / (((4.0/3.0)*(22.0/7.0)*(r1*r1*r1 +
M*r2*r2*r2)) - ((1.0-OV)*(1.0+M)*V1));

Ltpb = vLtpb*Vt;

[reeemeeeess Show Result OUTPUT AT STDIO /
printf("\n\n\n\n********=** Model of looking for vLtplp ******xxsxxm,

printf("\n\nM : %If",M);
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printf("\na : %If m",a);
printf("\nV1 : %If m3",V1);
printf("\nFacsion Overlamp(QV) : %lIf",OV);
printf("\nAL(ri/re) : %If",AL);
printf("\nZi : %If",Zi);
printf("\nZe : %lf",Ze);
printf("\nZie : %If',Zie);
printf("\\n\nvLtpb : %If m/m3",vLtpb);
printf("\nvLtpb : %If Gm/m3",vLtpb/(1*pow(10,12)));
printf("\n\nLtpb : %lIf m",Ltpb);
printf("\n\nLtpb : %If km",Ltpb/(1*pow(10,3)));

[rrxeesseer Show Result OUTPUT AT FILE /
forintf(super,"\n\n\n\n************ Model of looking for vLtplp*** e,
forintf(super,"\n\\nM : %If",M);
forintf(super,"\na : %lf m",a);
forintf(super,"\nV1 : %.20If m3",V1);
forintf(super,"\nFacsion Overlamp(QV) : %lIf",0V);
forintf(super,"\nAL(ri/re) : %If",AL);
forintf(super,"\nri : %lIf m",ri);
forintf(super,"\nre : %lIf m",re);
forintf(super,"\nfi : %lIf m",fi);
forintf(super,"\nfe : %lIf m",fe);
forintf(super,"\nZi : %lIf",Zi);
forintf(super,"\nZe : %lf".Ze);
fprintf(super,"\nZie : %lf",Zie);
forintf(super,"\nTotal Volume : %.15If m3",Vt);
forintf(super,"\n\nvLtpb : %If m/m3",vLtpb);
forintf(super,"\nvLtpb : %If Gm/m3",vLtpb/(1*pow(10,12)));
forintf(super,"\n\nLtpb : %lIf m",Ltpb);
forintf(super,"\n\nLtpb : %lIf km",Ltpb/(1*pow(10,3)));
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#include<stdio.h>
#include<conio.h>
#include<math.h>

#include<stdlib.h>
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/% Cal. Fick's Model Ternary Diffusion Hydrogen fuel System Version 1 *****/

float DiffusCoeff(float Top, float Pop ,float yAr);

float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2);

void ConvMolf(float ytpb, float yabulk, float Daeff, float Pop, float Top, float z1, float z2, float ynext,

float wt, float molAold, float NT, float Pa);

float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2);

void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y);

void avgsum();
void printKeep();
float sum = 0;
int nub = 0;
float temp[10];
float keep[25];

[ \ariable Show That : Fix system *******/

Daeff

FILE *super;

FILE *power;

void main()

{

float J

=
Top
Pop
um
z1
z2
wt

celllength

=0.3,
=96485.3,
=1023.15,
=1.0,

= 20.4597925,

=0,
=0.2,
=0.395,
=0.1,
=2.01,

/* Sumasion of concentration overpotential ,(v)*/
/* Count of loop in calculation process , (times)*/
/* Temp of transfer data of function */

/* keep in data for printf in file of power */

/* Curent Dencity ,(A/lcm2) */

/* Faraday Constant */

/* Temperature operation ,(K) */
/* Pressure operation ,(atm) */

/* Viscousity of A. , (Pals) */
/* effective diffusion coefficient ,(cm2/s) */
/* depth of chanel fuel cell, (cm) */

/* depth of Anode fuel cell, (cm)*/

/* whild of chanel fuel cell, (cm)*/

/* total cell length ,(cm) */
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yabulk =0, /* mol. fraction of gas A at Bulk phase */

ybbulk =0, /* mol. fraction of gas B at Bulk phase */

yAr =0, /* Mole fraction of Ar in System */

ytpb =0, /* mol. fraction of gas A at TPB */

RDeep =0.005; /* Thickness of reaction zone ,(cm) */
float NT =0 ) /* Total mol in the system ,(mol/s) */

molAold = 0.0008 , /* mol A at operate start

process ,(mol/s) */

molBold = 0.0002 , /* mol B at operate start process ,(mol/s)
*/
molAr =0 , /* mol Ar at operate start process ,(mol/s) */
Pa =0 ) /* Partial Pressure A ,(atm) */
Panew =0 :
float y =0 4 /* operate Raya of cell ,(cm) */
ynext  =0.1 : /* move the y ,(cm) */

/=== Open White Code File and Clrscr Screen Output *******/
clrscr();
super=fopen("C:\PROJECT3\DATAWFTMHJO05.txt","w+");
power=fopen("C:\\PROJECTIWDATAWFTMHJO5C.txt","w+");

/* Set operating variable */

NT = molAold+molBold+molAr;
yabulk = molAold/NT;

ybbulk = molBold/NT;

yAr = 1-(yabulk+ybbulk);

Pa = yabulk*Pop;

/ /
[ Start Show The Data Setup The System ** s/

fprintf(super,"+++++++Start Show The Data Setup The System++-+++++");

fprintf(super,"\nCurent Dencity : %f (A/lcm?2)",J);
fprintf(super,"\nTemperature operation : %f (K)", Top);
fprintf(super,"\nPressure operation . %f (atm)",Pop);
fprintf(super,"\ndepth of chanel fuel cell (z1) 1 %f (cm)",z1);
fprintf(super,"\ndepth of Anode fuel cell (z2) : %f (cm)",z2);

fprintf(super,"\nMol. fraction of gas A at Bulk phase : %f ",yabulk);
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fprintf(super,"\nMol. fraction of gas B at Bulk phase : %f ",ybbulk);

forintf(super,"\nMole fraction of Ar in System - %f " yAr);
forintf(super,"\nMole A Feed at Bulk phase . %f ",molAold);
forintf(super,"\nMole B Feed at Bulk phase . %f ",molBold);
forintf(super,"\nMole Ar Feed at Bulk phase . %f ",molAr);
forintf(super,"\nTotal of mol in the system . %f ",NT);
forintf(super,"\nPartial Pressure A . %f (atm)",Pa);
forintf(super,"\nThickness of reaction zone : %f (cm)",RDeep);

forintf(power,"Data Cut of : ");

forintf(power,"\nRaya\t  nub-
loop\td(A/cm2)\tPa(atm)\t\tyabulk\t\tVmax(cm/s)\tyAtpb\t\tnconc");
Jerrers RUn Code **4+%

Daeff = DiffusCoeff(Top,Pop,yAr);

y = y+ynext;

while(y<=celllength)

{

forintf(super,"\n\n\n\n\n\n\n Rayay: %fcmtoy: %f

cm y-ynext,y);
fprintf(super,"\n\nData in This Loop nub : %d",nub+1);
forintf(super,"\n\nCerrent density (J) : %f A/cm2",J);
fprintf(super,"\nyAbulk : %f ", yabulk);
forintf(super,"\nyBbulk : %f ",ybbulk);

forintf(super,"\nMole fraction of Arin System . %f " yAr);
forintf(super,"\nPartial Pressure A . %f (atm)",Pa);
keep[0] = y;

keep[1] = J;

keep[2] = Pa;

keep[3] = yabulk;

keep[10]= ynext;

ytpb = Molfrac(J,Top,Pop,Daeff,z1,yabulk,RDeep,z2);

keep[5] = ytpb;

ConvMolf(ytpb, yabulk, Daeff, Pop, Top, z1, z2, ynext, wt, molAold, NT, Pa);
temp[4] = J;

J = CerrentChange(NT,yabulk,F,ynext,wt,Top,Daeff,Pop,z1,z2);
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yabulk = temp[0];
Panew =temp[1];
molAold= temp[2];
ybbulk = temp[3];
VeloPro(Pa,Panew,um,ynext,z1,y);
Pa = Panew;
y += ynext;
printkeep();
}
avgsum();
getch();
fclose(super);
fclose(power);
}
float DiffusCoeff(float Top, float Pop, float yAr)
{

/****** \Jariable Show That : recive value of Calculate *******/
float ea =0, /* Collision diameter of A */

eb =0, /* Collision diameter of B */
eab =0, /* Collision diameter of binary A and B */
n =
Da1 =
Dd2 =0,
Dab =0, /* diffusion coefficient of A&B , (cm2/s) */
Dik =0, /* Knudsen diffusion coefficient, (cm2/s) */
DTeff =0, /* Ternary effective diffusion coefficient ,(cm2/s) */
DaAr =0, /* diffusion coefficient of A&Ar , (cm2/s) */
eAr =0, /* Collision diameter of Ar */
eaAr =0; /* Collision diameter of binary A and Ar */

[ \ariable Show That : Fix of System Binary Diffusion *******/

float Tca =33.2, /* Critical Temperature of A. ,(K) */
Tcb =6471, /* Critical Temperature of B. ,(K) */
k = 1.38"pow(10,-16), /* Boltzmann Constant ,(ergs/K) */
Treff =293, /* Pressure reffernce for cal Dab, (atm) */

Preff =1.0, /* Temperature refference For cal. Da1 and Dab , (K) */



Dabref =0.850, /* diffusion coefficient of A&B at Treff=293

K,Preff=1atm , (cm2/s) */
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dp = 2.6*pow(10,-4), /* Average pore size ,(cm) */

Ma =2, /* Molecula wight of Hydrogen,(g/mol) */

e =0.46, /* Porosity (%/100) */

t =45, /* Tortuosity dimensionless */

TcAr =150.8, /* Critical Temperature of Ar. ,(K) */

DaArref = 0.794; /* diffusion coefficient of A&Ar at Treff=293 K,Preff=1atm ,

(cm2/s) */

/******* RUN CODE *******/

/* Calculation The Knudsen diffusion */
Dik = 4850*dp*pow((Top/Ma),0.5);
printf("\n\n Dik : %f cm2/s",Dik);

/* Calculation The D12 binary diffusion */
ea = 0.77*Tca*k;

eb = 0.77*Tcb*k;

eab= pow((ea*eb),0.5);

Tn = k*Top/eab;

printf("\n\n Tn of eab at Top : %f K", Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd2 of Dab : %f egsd",Dd2);
Tn = k*Treff/eab;
printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd1 of Dab : %f egsd",Dd1);
Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\n\n Dab : %f cm?2/s",Dab);
/* Calculation The B1Ar of innert gas Vs. Fuel gas Diffusion */
eAr = 0.77*TcAr*k;
eaAr= pow((ea*eAr),0.5);
Tn = k*Top/eaAr;
printf("\n\n Tn of eAr at Top : %f K",Tn);
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Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 of DaAr : %f egsd ",Dd2);

Tn = k*Treff/eaAr;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd1 of DaAr : %f egsd",Dd1);

DaAr = DaArref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\n\n DaAr : %f cm2/s",DaAr);

[k Caleulation The ternary diffusion coefficient ******xx*/

DTeff = (e/t) * (1/((1/Dik) + (1/DaAr) + (((1/Dab) - (1/DaAr))*(1-yAn)) ));

DTeff = (e/t)* pow(((1/Dab)+(1/Dik)),-1);

[k Show Data Result of Diffusion /
printf("\n\n\n\nShow the result of Ternary Diffusion ");

printf("\n\nDTeff : %f cm2/s" DTeff);

[t Show Data Base Subport of Diffusion /

forintf(super,"\n\n***Data Base Subport***");

fprintf(super,"\nAverage pore size : %f (cm)",dp);

forintf(super,"\nMolecula wight of Hydrogen : %f (g/mol)",Ma);

forintf(super,"\nCritical Temperature of A. 1 %f (K)",Tca);

forintf(super,"\nCritical Temperature of B.  : %f (K)",Tcb);

forintf(super,"\nCritical Temperature of Ar.  : %f (K)", TcAr);

forintf(super,"\ndiffusion coefficient of A&B at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff, Dabref);

forintf(super,"\ndiffusion coefficient of A&Ar at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)" Treff,Preff, DaArref);

[reeeeeishow Data Result of Diffusion /

forintf(super,"\n\n***Data of The System H2-H20-Ar***");

forintf(super,"\nKnudsen diffusion : %f cm2/s",Dik);
fprintf(super,"\nH20-H2 diffusion : %f cm2/s",Dab);
forintf(super,"\nH2-Ar diffusion : %f cm2/s",DaAr);
fprintf(super,"\nPorosity (e/100) t %f"e);
forintf(super,"\nTortuosity dimensionless : %f");

forintf(super,"\n\nH20-H2-Ar Diffusion effective : %f cm2/s",DTeff);
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getch();

return(DTeff);
}
float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2)
{
[ Variable Show That : Operate Program *******/

float i =0,

znext =0.01;

/****** \Jariable Show That : recive data of Calcuate *******/

float ya=0, /* mol. fraction of gas A */

yatpb =0, /* mol. fraction of gas A at TPB. */

nconc =0, /* concrntration overpotential */

F =96485.3, /* Faraday Constant */

R1 = 82.057, /* Gas constant. (cm3*atm/mol/K) */
R2 = 8.3143; /* Gas constant. (J/mol/K) */

Jrerees Run Code #F++++/
i=z1+znext;
forintf(super,"\n\nStart ya,bulk : %f at Z : %f",yabulk,z1);
printf("Start ya,bulk : %f at Z : %f",yabulk,z1);
while(i<=z2)
{
ya = (J*R1*Top/(2*F*Daeff*Pop)*(z1-i)) + yabulk;
forintf(super,"\nZ : %f cm.\tya : %f",i,ya);
printf("\nZ : %f cm.\tya : %f",i,ya);

i=i+znext;
}
yatpb = (J*R1*Top / (2*F*Daeff*Pop)*(z1-z2))+yabulk;
nconc = (-1) * (R2*Top) / (2*F) * log(yatpb*(1-yabulk)/yabulk/(1-yatpb));
keep[6] = nconc;
sum += nconc;
nub++;
forintf(super,"\n\nZ : %f cm. \tya, TPB : %f",z2,yatpb);
forintf(super,"\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f

cm.",nconc,RDeep);
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printf("\n\nZ : %f cm. \tya,TPB : %f",z2,yatpb);
printf("\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);
return(yatpb);
}
void ConvMolf(float ytpb, float yabulk, float Daeff, float Pop, float Top, float z1, float z2, float ynext,
float wt, float molAold, float NT, float Pa)
{
float R =82.057 ; /* Gas Constant ,cm3.atm/mol/K */
float Na '
molAuse ,
yabnew
ybbnew 8
Panew
molAoldnew
Na = (ytpb-yabulk)*Daeff*Pop/(R*Top)/(z1-z2);
molAuse = Na * (ynext*wt);
yabnew = (molAold - molAuse)/NT;
ybbnew = (1-yabnew);
Panew = Pa*(molAold-molAuse)/molAold;
molAoldnew = molAold-molAuse;
temp[0] = yabnew;
temp[1] = Panew;
temp[2] = molAoldnew;
temp[3] = ybbnew;
forintf(super,"\n\n\nData of function Mol. Convers");
forintf(super,"\n\nmolAuse : %.10f mol",molAuse);
forintf(super,"\nmolAold : %.10f mol",molAold);
forintf(super,"\nmolAnew for next element : %.10f mol",molAoldnew);
forintf(super,"\nPressure A old : %f atm",Pa);
forintf(super,"\nPressure A new : %f atm",Panew);
forintf(super,"\nyAbulk new : %f",yabnew);

fprintf(super,"\nyBbulk new : %f",ybbnew);
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float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2)

{
float Jnew = 0; /* Cerrent Dencity for new calculate */
float R = 82.057; /* Gas Constant cm3.atm/(mol.K) */
Jnew = NT*yabulk*2.0*F / (ynext*wt) / (1.0 - (NT*R*Top/(ynext*wt)/Daeff/Pop*(z1-z2)));
Jnew = temp[4] * (temp[0]/yabulk);
printf("\n\ntemp[4] : %f",temp[4]);
printf("\ntemp[0] : %f",temp[0]);
printf("\nyabulk : %f",yabulk);
printf("\n Jnew : %f A/lcm2",Jnew);
" getch();

forintf(super,"\n\nFunction *** CerrentChange ***");
fprintf(super,"\n\nNew Cerrent density (Jnew) for next Loop (nub : %d) : %f

A/cm?2",nub+2,Jnew);

return(Jnew);
}
void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y)
{

float zu =0 , /* operate z direcsion ,cm */
vmax =0 , /" max verocity ,cm/s */
v =0 ;/*vorocity cal profile ,cm/s */

float znext = 0.01 ; /* znext for operate ,cm */

forintf(super,"\n\n\nFunction VeloPrp );
vmax = (Pa - Panew)/2.0/um/ynext * (z1*z1/4.0) * (1.013*pow(10,5.0));
keep[4] = vmax;
fprintf(super,"\n\nRaya in Y Direction %f to %f cm",y-ynext,y);
forintf(super,"\n\nRaya %f cm\tVmax : %f cm/s\n",z1/2,vmax);
while(zu<=z1)
{
v = 4.0%(zu/z1) * vmax * (z1 - zu)/z1;
forintf(super,"\nRaya : %f cm\t\tv : %f cm/s",zu,v);
printf("\nRaya : %f cm\t\tv : %f cm/s",zu,v);

ZU += znext;
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}

void avgsum()

{
float ans=0 ;
ans = sum/nub;
forintf(super,"\n\n\nResult of Concentration Overpotential : ");
forintf(super,"\n\nSum of Concentration Overpotential : %f V*,sum);
forintf(super,"\namonut of Loop in system : %d times",nub);
fprintf(super,"\n\nAvg. of concentration ov. : %f V",ans);
forintf(power,"\n\n\n\nAvg. of concentration ov. : %f V",ans);
printf("\\n\n\nAvg. of concentration ov. : %f V",ans);

}

void printkKeep()

{

forintf(power,"\n%.2f-%.2f\t%d\t% M\t %\t %\t %A\t %At %" keep[0]-
keep[10],keep[0],nub,keep[1],keep[2],keep[3],keep[4],keep[5].keep[6]);
}



A-6 WAMITUALLUSLATN FTMHJ03.CPP

#include<stdio.h>
#include<conio.h>
#include<math.h>

#include<stdlib.h>

/% Cal. Fick's Model Ternary Diffusion Hydrogen fuel System Version 1 ******/

float DiffusCoeff(float Top, float Pop ,float yAr);

float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2);
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void ConvMolf(float ytpb, float yabulk, float Daeff, float Pop, float Top, float z1, float z2, float ynext,

float wt, float molAold, float NT, float Pa);

float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2);

void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y);

void avgsum();
void printKeep();
float sum = 0;
int nub = 0;
float temp[10];
float keep[25];

[ \ariable Show That : Fix system *******/

Daeff

FILE *super;

FILE *power;

void main()

{

float J

F
Top
Pop
um
z1
z2
wt

celllength

=1.0,
=96485.3,
=1023.15,
=1.0,
= 20.4597925,
=0,
=0.2,
=0.395,
=0.1,

=2.01,

/* Sumasion of concentration overpotential ,(v)*/
/* Count of loop in calculation process , (times)*/
/* Temp of transfer data of function */

/* keep in data for printf in file of power */

/* Curent Dencity ,(A/lcm2) */

/* Faraday Constant */

/* Temperature operation ,(K) */
/* Pressure operation ,(atm) */

/* Viscousity of A. , (Pa/s) */
/* effective diffusion coefficient ,(cm2/s) */
/* depth of chanel fuel cell, (cm) */

/* depth of Anode fuel cell, (cm)*/

/* whild of chanel fuel cell, (cm)*/

/* total cell length ,(cm) */
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yabulk =0, /* mol. fraction of gas A at Bulk phase */

ybbulk =0, /* mol. fraction of gas B at Bulk phase */

yAr =0, /* Mole fraction of Ar in System */

ytpb =0, /* mol. fraction of gas A at TPB */

RDeep =0.005; /* Thickness of reaction zone ,(cm) */
float NT =0 ) /* Total mol in the system ,(mol/s) */

molAold = 0.0008 , /* mol A at operate start

process ,(mol/s) */

molBold = 0.0002 , /* mol B at operate start process ,(mol/s)
*/
molAr  =0.007 , /* mol Ar at operate start process ,(mol/s) */
Pa =0 ) /* Partial Pressure A ,(atm) */
Panew =0 :
float y =0 4 /* operate Raya of cell ,(cm) */
ynext  =0.1 : /* move the y ,(cm) */

/****** Open White Code File and Clrscr Screen Qutput ******/
clrscr();
super=fopen("C:\PROJECT3\DATAWFTMHJO03.txt","w+");
power=fopen("C:\\PROJECTIWDATAWFTMHJO3C.txt","w+");

/* Set operating variable */

NT = molAold+molBold+molAr;
yabulk = molAold/NT;

ybbulk = molBold/NT;

yAr = 1-(yabulk+ybbulk);

Pa = yabulk*Pop;

/ /
[ Start Show The Data Setup The System ** s/

fprintf(super,"+++++++Start Show The Data Setup The System++-+++++");

fprintf(super,"\nCurent Dencity : %f (A/lcm?2)",J);
fprintf(super,"\nTemperature operation : %f (K)", Top);
fprintf(super,"\nPressure operation . %f (atm)",Pop);
fprintf(super,"\ndepth of chanel fuel cell (z1) 1 %f (cm)",z1);
fprintf(super,"\ndepth of Anode fuel cell (z2) : %f (cm)",z2);

fprintf(super,"\nMol. fraction of gas A at Bulk phase : %f ",yabulk);
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fprintf(super,"\nMol. fraction of gas B at Bulk phase : %f ",ybbulk);

forintf(super,"\nMole fraction of Ar in System - %f " yAr);
forintf(super,"\nMole A Feed at Bulk phase . %f ",molAold);
forintf(super,"\nMole B Feed at Bulk phase . %f ",molBold);
forintf(super,"\nMole Ar Feed at Bulk phase . %f ",molAr);
forintf(super,"\nTotal of mol in the system . %f ",NT);
forintf(super,"\nPartial Pressure A . %f (atm)",Pa);
forintf(super,"\nThickness of reaction zone : %f (cm)",RDeep);

forintf(power,"Data Cut of : ");

forintf(power,"\nRaya\t  nub-
loop\td(A/cm2)\tPa(atm)\t\tyabulk\t\tVmax(cm/s)\tyAtpb\t\tnconc");
Jerrers RUn Code **4+%

Daeff = DiffusCoeff(Top,Pop,yAr);

y = y+ynext;

while(y<=celllength)

{

forintf(super,"\n\n\n\n\n\n\n Rayay: %fcmtoy: %f

cm y-ynext,y);
fprintf(super,"\n\nData in This Loop nub : %d",nub+1);
forintf(super,"\n\nCerrent density (J) : %f A/cm2",J);
fprintf(super,"\nyAbulk : %f ", yabulk);
forintf(super,"\nyBbulk : %f ",ybbulk);

forintf(super,"\nMole fraction of Arin System . %f " yAr);
forintf(super,"\nPartial Pressure A . %f (atm)",Pa);
keep[0] = y;

keep[1] = J;

keep[2] = Pa;

keep[3] = yabulk;

keep[10]= ynext;

ytpb = Molfrac(J,Top,Pop,Daeff,z1,yabulk,RDeep,z2);

keep[5] = ytpb;

ConvMolf(ytpb, yabulk, Daeff, Pop, Top, z1, z2, ynext, wt, molAold, NT, Pa);
temp[4] = J;

J = CerrentChange(NT,yabulk,F,ynext,wt,Top,Daeff,Pop,z1,z2);

yabulk = temp[0];
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Panew =temp[1];
molAold= temp[2];
ybbulk = temp[3];
VeloPro(Pa,Panew,um,ynext,z1,y);
Pa = Panew;
y +=ynext;
printkeep();

}

avgsum();

getch();

fclose(super);

fclose(power);

}

float DiffusCoeff(float Top, float Pop, float yAr)
{

/7***** \Jariable Show That : recive value of Calculate *******/
float ea =0, /* Collision diameter of A */

eb =0, /* Collision diameter of B */
eab =0, /* Collision diameter of binary A and B */
n =
Dd1 =
Dd2 =
Dab =0, /* diffusion coefficient of A&B , (cm2/s) */
Dik =0, /* Knudsen diffusion coefficient, (cm2/s) */
DTeff =0, /* Ternary effective diffusion coefficient ,(cm2/s) */
DaAr =0, /* diffusion coefficient of A&Ar , (cm2/s) */
eAr =0, /* Collision diameter of Ar */
eaAr =0; /* Collision diameter of binary A and Ar */

[ \ariable Show That : Fix of System Binary Diffusion *******/

float Tca =33.2, /* Critical Temperature of A. ,(K) */
Tcb =6471, /* Critical Temperature of B. ,(K) */
k =1.38*pow(10,-16), /* Boltzmann Constant ,(ergs/K) */
Treff =293, /* Pressure reffernce for cal Dab, (atm) */

Preff =1.0, /* Temperature refference For cal. Da1 and Dab , (K) */



Dabref =0.850, /* diffusion coefficient of A&B at Treff=293

K,Preff=1atm , (cm2/s) */
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dp = 2.6*pow(10,-4), /* Average pore size ,(cm) */

Ma =2, /* Molecula wight of Hydrogen,(g/mol) */

e =0.46, /* Porosity (%/100) */

t =45, /* Tortuosity dimensionless */

TcAr =150.8, /* Critical Temperature of Ar. ,(K) */

DaArref = 0.794; /* diffusion coefficient of A&Ar at Treff=293 K,Preff=1atm ,

(cm2/s) */

Jrererix RUN CODE *#++++%/
/* Calculation The Knudsen diffusion */
Dik = 4850*dp*pow((Top/Ma),0.5);
printf("\n\n Dik : %f cm2/s",Dik);
/* Calculation The D12 binary diffusion */
ea = 0.77*Tca’k;
eb = 0.77*Tcb*k;
eab= pow((ea*eb),0.5);
Tn = k*Top/eab;
printf("\n\n Tn of eab at Top : %f K", Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd2 of Dab : %f egsd",Dd2);
Tn = k*Treff/eab;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;
printf("\n\n Dd1 of Dab : %f egsd",Dd1);
Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\n\n Dab : %f cm?2/s",Dab);
/* Calculation The B1Ar of innert gas Vs. Fuel gas Diffusion */
eAr = 0.77*TcAr*k;
eaAr= pow((ea*eAr),0.5);
Tn = k*Top/eaAr;
printf("\n\n Tn of eAr at Top : %f K",Tn);
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Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 of DaAr : %f egsd ",Dd2);

Tn = k*Treff/eaAr;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd1 of DaAr : %f egsd",Dd1);

DaAr = DaArref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\n\n DaAr : %f cm2/s",DaAr);

[k Caleulation The ternary diffusion coefficient ******xx*/

DTeff = (e/t) * (1/((1/Dik) + (1/DaAr) + (((1/Dab) - (1/DaAr))*(1-yAr)) ));

[ Show Data Result of Diffusion /
printf("\n\n\n\nShow the result of Ternary Diffusion ");

printf("\n\nDTeff : %f cm2/s",DTeff);

[ Show Data Base Subport of Diffusion /

forintf(super,"\n\n***Data Base Subport***");

forintf(super,"\nAverage pore size : %f (cm)",dp);

fprintf(super,"\nMolecula wight of Hydrogen : %f (g/mol)",Ma);

forintf(super,"\nCritical Temperature of A.  : %f (K)",Tca);

forintf(super,"\nCritical Temperature of B.  : %f (K)",Tcb);

forintf(super,"\nCritical Temperature of Ar. : %f (K)", TcAr);

forintf(super,"\ndiffusion coefficient of A&B at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff, Dabref);

forintf(super,"\ndiffusion coefficient of A&Ar at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff, DaArref);

[rreeeeishow Data Result of Diffusion /

forintf(super,"\n\n***Data of The System H2-H20-Ar***");

forintf(super,"\nKnudsen diffusion : %f cm?2/s",Dik);
forintf(super,"\nH20-H2 diffusion : %f cm2/s",Dab);
forintf(super,"\nH2-Ar diffusion : %f cm2/s",DaAr);
forintf(super,"\nPorosity (e/100) 1 %f".e);
forintf(super,"\nTortuosity dimensionless 2 %f"1);

forintf(super,"\n\nH20-H2-Ar Diffusion effective : %f cm2/s",DTeff);

getch();
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return(DTeff);

float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2)
{
[ Variable Show That : Operate Program *******/
float i =0,
znext =0.01;
/****** \Jariable Show That : recive data of Calcuate *******/

float ya=0, /* mol. fraction of gas A */

yatpb =0, /* mol. fraction of gas A at TPB. */

nconc =0, /* concrntration overpotential */

F =96485.3, /* Faraday Constant */

R1 = 82.057, /* Gas constant. (cm3*atm/mol/K) */
R2 = 8.3143; /* Gas constant. (J/mol/K) */

Jrerees Run Code #F++++/
i=z1+znext;
fprintf(super,"\n\nStart ya,bulk : %f at Z : %f",yabulk,z1);
printf("Start ya,bulk : %f at Z : %f",yabulk,z1);
while(i<=z2)
{
ya = (J*R1*Top/(2*F*Daeff*Pop)*(z1-i)) + yabulk;
forintf(super,"\nZ : %f cm.\tya : %f",i,ya);
printf("\nZ : %f cm.\tya : %f",i,ya);
i=i+znext;
}
yatpb = (J*R1*Top / (2*F*Daeff*Pop)*(z1-z2))+yabulk;
nconc = (-1) * (R2*Top) / (2*F) * log(yatpb*(1-yabulk)/yabulk/(1-yatpb));
keep[6] = nconc;
sum += nconc;
nub++;
forintf(super,"\n\nZ : %f cm. \tya,TPB : %f",z2,yatpb);
forintf(super,"\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);

printf("\M\nZ : %f cm. \tya, TPB : %f",z2,yatpb);
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printf("\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);
return(yatpb);
}
void ConvMolf(float ytpb, float yabulk, float Daeff, float Pop, float Top, float z1, float z2, float ynext,

float wt, float molAold, float NT, float Pa)

{

float R =82.057; /* Gas Constant ,cm3.atm/mol/K */
float Na '

molAuse ,

yabnew ,

ybbnew

Panew -

molAoldnew
Na = (ytpb-yabulk)*Daeff*Pop/(R*Top)/(z1-z2);
molAuse = Na * (ynext*wt);
yabnew = (molAold - molAuse)/NT;
ybbnew = (1-yabnew);
Panew = Pa*(molAold-molAuse)/molAold;
molAoldnew = molAold-molAuse;
temp[0] = yabnew;
temp[1] = Panew;
temp[2] = molAoldnew;
temp[3] = ybbnew;
forintf(super,"\n\n\nData of function Mol. Convers");
forintf(super,"\n\nmolAuse : %.10f mol",molAuse);
forintf(super,"\nmolAold : %.10f mol",molAold);
forintf(super,"\nmolAnew for next element : %.10f mol",molAoldnew);
forintf(super,"\nPressure A old : %f atm",Pa);
forintf(super,"\nPressure A new : %f atm",Panew);
forintf(super,"\nyAbulk new : %f",yabnew);
forintf(super,"\nyBbulk new : %f",ybbnew);

}

float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2)
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float Jnew = 0; /* Cerrent Dencity for new calculate */
float R = 82.057; /* Gas Constant cm3.atm/(mol.K) */
Jnew = NT*yabulk*2.0*F / (ynext*wt) / (1.0 - (NT*R*Top/(ynext*wt)/Daeff/Pop*(z1-z2)));
Jnew = temp[4] * (temp[0]/yabulk);
printf("\n\ntemp[4] : %f" temp[4]);
printf("\ntemp[0] : %f",temp[0]);
printf("\\nyabulk : %f",yabulk);
printf("\n Jnew : %f A/lcm2",Jnew);
" getch();
forintf(super,"\n\nFunction *** CerrentChange ***");
forintf(super,"\n\nNew Cerrent density (Jnew) for next Loop (nub : %d) : %f
A/lcm2".nub+2,Jnew);
return(Jnew);
!
void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y)
{
float zu =0 ,/* operate z direcsion ,cm */
vmax =0 , I* max verocity ,cm/s */
v =0 ;/*vorocity cal profile ,cm/s */

float znext = 0.01 ; /* znext for operate ,cm */

forintf(super,"\n\n\nFunction VeloPrp );
vmax = (Pa - Panew)/2.0/um/ynext * (z1*z1/4.0) * (1.013*pow(10,5.0));
keep[4] = vmax;
forintf(super,"\n\nRaya in Y Direction %f to %f cm",y-ynext,y);
forintf(super,"\n\nRaya %f cm\tVmax : %f cm/s\n",z1/2,vmax);
while(zu<=z1)
{
v = 4.0%(zu/z1) * vmax * (z1 - zu)/z1;
forintf(super,"\nRaya : %f cm\t\tv : %f cm/s",zu,v);
printf("\nRaya : %f cm\t\tv : %f cm/s",zu,v);

ZU += znext;

}

void avgsum()
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{
float ans =0 ;
ans = sum/nub;
forintf(super,"\n\n\nResult of Concentration Overpotential : ");
forintf(super,"\n\nSum of Concentration Overpotential : %f V',sum);
forintf(super,"\namonut of Loop in system : %d times",nub);
fprintf(super,"\n\nAvg. of concentration ov. : %f V",ans);
forintf(power,"\n\n\n\nAvg. of concentration ov. : %f V",ans);
printf("\n\n\nAvg. of concentration ov. : %f V",ans);

}

void printkeep()

{

forintf(power,"\n%.2f-%.2f\t%d\t%A\t% M\t % \t%A\t %At %" keep[0]-
keep[10],keep[0],nub,keep[1],keep[2],keep[3],keep[4],keep[5],keep[6]);
}



A-7 WARISUALUSLASN FTMHJ04.CPP

#include<stdio.h>
#include<conio.h>
#include<math.h>

#include<stdlib.h>

/***** Cal. Fick's Model Ternary Diffusion Hydrogen fuel System Version 1 ******/

float DiffusCoeff(float Top, float Pop ,float yAr);

float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2);
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void ConvMolf(float ytpb, float yabulk, float Daeff, float Pop, float Top, float z1, float z2, float ynext,

float wt, float molAold, float NT, float Pa);

float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2);

void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y);

void avgsum();

void printKeep();

float sum = 0; /* Sumasion of concentration overpotential ,(v)*/

int nub = 0; /* Count of loop in calculation process , (times)*/

float temp[10]; /* Temp of transfer data of function */

float keep[25]; /* keep in data for printf in file of power */

FILE *super;

FILE *power;

void main()

{

[******* \Jariable Show That : Fix system *******/

float J =0.1, /* Curent Dencity ,(A/lcm2) */

F =96485.3, /* Faraday Constant */
Top =1023.15, /* Temperature operation ,(K) */
Pop =1.0, /* Pressure operation ,(atm) */
um =20.4597925, /* Viscousity of A. , (Pa/s) */
Daeff =0, /* effective diffusion coefficient ,(cm2/s) */
z1 =0.2, /* depth of chanel fuel cell, (cm) */
z2 =0.395, /* depth of Anode fuel cell, (cm)*/
wt =0.1, /* whild of chanel fuel cell, (cm)*/

celllength  =2.01,

/* total cell length ,(cm) */



float

yabulk
ybbulk

yAr

ytpb

RDeep

NT =0

molAold = 0.0001

,(mol/s) */

*/

float

molBold = 0.0009

molAr =0
Pa =0
Panew =0
y =0
ynext =0.1

/* mol. fraction of gas A at Bulk phase */
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/* mol. fraction of gas B at Bulk phase */

/* Mole fraction of Ar in System */

/* mol. fraction of gas A at TPB */

/* Thickness of reaction zone ,(cm) */

/* Total mol in the system ,(mol/s) */

/* mol A at operate start process

/* mol Ar at operate start process ,(mol/s) */

/* Partial Pressure A ,(atm) */

/* operate Raya of cell ,(cm) */

/* move the y ,(cm) */

[ Open White Code File and Clrscr Screen Output *******/

clrscr();

super=fopen("C:\PROJECT3\DATAWFTMHJO4 txt","w+");

power=fopen("C:\PROJECT3\DATAWFTMHJ04C.txt","w+");

/* Set operating variable */

NT = molAold+molBold+molAr;

yabulk = molAold/NT;

ybbulk = molBold/NT;

yAr = 1-(yabulk+ybbulk);

Pa = yabulk*Pop;

/

[ Start Show The Data Setup The System ** s/

fprintf(super,"+++++++Start Show The Data Setup The System+++++++");

/

fprintf(super,"\nCurent Dencity

fprintf(super,"\nTemperature operation
fprintf(super,"\nPressure operation
fprintf(super,"\ndepth of chanel fuel cell (z1)
fprintf(super,"\ndepth of Anode fuel cell (z2)
fprintf(super,"\nMol. fraction of gas A at Bulk phase

fprintf(super,"\nMol. fraction of gas B at Bulk phase

: %f (A/lem?2)",J);
- %f (K)", Top):
. %f (atm)",Pop);
1 %f (cm)",z1);
: %f (cm)",z2);

. %f " yabulk);
: %f ",ybbulk);

/* mol B at operate start process ,(mol/s)
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forintf(super,"\nMole fraction of Ar in System - %f " yAr);
forintf(super,"\nMole A Feed at Bulk phase : %f ",molAold);
forintf(super,"\nMole B Feed at Bulk phase . %f ",molBold);
forintf(super,"\nMole Ar Feed at Bulk phase : %f ",molAr);
forintf(super,"\nTotal of mol in the system . %f ",NT);
forintf(super,"\nPartial Pressure A . %f (atm)",Pa);
forintf(super,"\nThickness of reaction zone . %f (cm)",RDeep);

forintf(power,"Data Cut of : ");

forintf(power,"\nRaya\t  nub-
loop\td(A/cm2)\tPa(atm)\t\tyabulk\t\tVmax(cm/s)\tyAtpb\t\tnconc");
R Run Code ##/

Daeff = DiffusCoeff(Top,Pop,yAr);

y = yt+ynext;

while(y<=celllength)

{

forintf(super,"\n\n\n\n\n\n\n Rayay: %fcmtoy: %f

cm y-ynexty);
forintf(super,"\n\nData in This Loop nub : %d",nub+1);
fprintf(super,"\n\nCerrent density (J) : %f A/cm2",J);
fprintf(super,"\nyAbulk : %f ", yabulk);
fprintf(super,"\nyBbulk : %f ",ybbulk);

forintf(super,"\nMole fraction of Ar in System : %f " yAr);
forintf(super,"\nPartial Pressure A : %f (atm)",Pa);
keepl0] = y;

keep[1] = J;

keep[2] = Pa;

keep[3] = yabulk;

keep[10]= ynext;

ytpb = Molfrac(J,Top,Pop,Daeff,z1,yabulk,RDeep,z2);

keep[5] = ytpb;

ConvMolf(ytpb, yabulk, Daeff, Pop, Top, z1, z2, ynext, wt, molAold, NT, Pa);
temp[4] = J;

J = CerrentChange(NT,yabulk,F,ynext,wt,Top,Daeff,Pop,z1,z2);

yabulk = temp[0];

Panew = temp[1];



molAold= temp[2];

ybbulk = temp[3];

VeloPro(Pa,Panew,um,ynext,z1,y);

Pa = Panew;
y +=ynext;
printkeep();
}
avgsum();
getch();
fclose(super);
fclose(power);

}

float DiffusCoeff(float Top, float Pop, float yAr)

{

/% \/ariable Show That : recive value of Calculate *******/

float ea =0,
eb =0,
eab =
Tn =0,
Dd1 =
Dd2 =
Dab =
Dik =0,
DTeff =0,
DaAr =0,
eAr =0,

eaAr =

/* Collision diameter of A */
/* Collision diameter of B */

/* Collision diameter of binary A and B */

/* diffusion coefficient of A&B , (cm2/s) */

/* Knudsen diffusion coefficient, (cm2/s) */

/* Ternary effective diffusion coefficient ,(cm2/s) */
/* diffusion coefficient of A&Ar , (cm2/s) */
/* Collision diameter of Ar */

/* Collision diameter of binary A and Ar */

[ Variable Show That : Fix of System Binary Diffusion *******/

float Tca =132.9, /* Critical Temperature of A. ,(K) */
Tcb =304.2, /* Critical Temperature of B. ,(K) */
k =1.38"pow(10,-16), /* Boltzmann Constant ,(ergs/K) */

Treff = 293.15,

Preff =1.0,

Dabref =0.162,
K,Preff=1atm , (cm2/s) */

/* Pressure reffernce for cal Dab, (atm) */
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/* Temperature refference For cal. Da1 and Dab , (K) */

/* diffusion coefficient of A&B at Treff=293
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dp = 2.6*pow(10,-4), /* Average pore size ,(cm) */

Ma =28.01, /* Molecula wight of Hydrogen,(g/mol) */
e =0.46, /* Porosity (%/100) */

t =4.5, /* Tortuosity dimensionless */

TcAr  =150.8, /* Critical Temperature of Ar. ,(K) */

DaArref = 0.32115; /* diffusion coefficient of A&Ar at Treff=293

K,Preff=1atm , (cm2/s) */
Jrrrrrs RUN CODE **+++%/

/* Calculation The Knudsen diffusion */

Dik = 4850*dp*pow((Top/Ma),0.5);

printf("\n\n Dik : %f cm2/s",Dik);

/* Calculation The D12 binary diffusion */

ea = 0.77*Tca’k;

eb = 0.77*Tcb*k;

eab= pow((ea*eb),0.5);

Tn = k*Top/eab;

printf("\n\n Tn of eab at Top : %f K", Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 of Dab : %f egsd",Dd2);

Tn = k*Treff/eab;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd1 of Dab : %f egsd",Dd1);

Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\n\n Dab : %f cm2/s",Dab);

/* Calculation The B1Ar of innert gas Vs. Fuel gas Diffusion */

eAr = 0.77*TcAr*k;

eaAr= pow((ea*eAr),0.5);

Tn = k*Top/eaAr;

printf("\n\n Tn of eAr at Top : %f K",Tn);

Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 of DaAr : %f egsd ",Dd2);
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Tn = k*Treff/eaAr;

printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +
(1.76474/exp(3.89411*Tn)) ;

printf("\\n\n Dd1 of DaAr : %f egsd",Dd1);

DaAr = DaArref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);

printf("\n\n DaAr : %f cm2/s",DaAr);

[t Caleulation The ternary diffusion coefficient ***** ]

DTeff = (e/t) * (1/((1/Dik) + (1/DaAr) + (((1/Dab) - (1/DaAr))*(1-yAr)) ));

DTeff = (e/t)* pow(((1/Dab)+(1/Dik)),-1);

[k Ghow Data Result of Diffusion /
printf("\n\n\n\nShow the result of Ternary Diffusion ");

printf("\n\nDTeff : %f cm2/s",DTeff);

[t Show Data Base Subport of Diffusion /

forintf(super,"\n\n***Data Base Subport***");

forintf(super,"\nAverage pore size . %f (cm)",dp);

fprintf(super,"\nMolecula wight of Hydrogen : %f (g/mol)",Ma);

forintf(super,"\nCritical Temperature of A.  : %f (K)",Tca);

forintf(super,"\nCritical Temperature of B.  : %f (K)",Tcb);

forintf(super,"\nCritical Temperature of Ar. : %f (K)", TcAr);

forintf(super,"\ndiffusion coefficient of A&B at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff, Dabref):

forintf(super,"\ndiffusion coefficient of A&Ar at Treff= %f (K), Preff= %f (atm) : %f
(cm2/s)", Treff,Preff, DaArref);

[k Show Data Result of Diffusion /

forintf(super,"\n\n***Data of The System CO-CO2***"),

forintf(super,"\nKnudsen diffusion : %f cm2/s",Dik);
forintf(super,"\nCO2-CO diffusion : %f cm2/s",Dab);
forintf(super,"\nCO2-Ar diffusion : %f cm2/s",DaAr);
fprintf(super,"\nPorosity (e/100) 1 %f".e);
forintf(super,"\nTortuosity dimensionless : %f"1);

forintf(super,"\n\nCO-CO2 Diffusion effective : %f cm2/s",DTeff);
getch();
return(DTeff);
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}
float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2)
{
[******* \Jariable Show That : Operate Program *******/

float i =0,

znext =0.01;

/= \ariable Show That : recive data of Calcuate *******/

float ya=0, /* mol. fraction of gas A */

yatpb =0, /* mol. fraction of gas A at TPB. */

nconc =0, /* concrntration overpotential */

F =96485.3, /* Faraday Constant */

R1 =82.057, /* Gas constant. (cm3*atm/mol/K) */
R2 =8.3143; /* Gas constant. (J/mol/K) */

Jrrrers RUn Code *4)
i=z1+znext;
forintf(super,"\n\nStart ya,bulk : %f at Z : %f",yabulk,z1);
printf("Start ya,bulk : %f at Z : %f",yabulk,z1);
while(i<=z2)
{
ya = (J*R1*Top/(2*F*Daeff*Pop)*(z1-i)) + yabulk;
forintf(super,"\nZ : %f cmAtya : %f",i,ya);
printf("\nZ : %f cm.\tya : %f",i,ya);
i=itznext;
}
yatpb = (J*R1*Top / (2*F*Daeff*Pop)*(z1-z2))+yabulk;
nconc = (-1) * (R2*Top) / (2*F) * log(yatpb*(1-yabulk)/yabulk/(1-yatpb));
keep[6] = nconc;
sum += nconc;
nub++;
forintf(super,"\n\nZ : %f cm. \tya, TPB : %f",z2,yatpb);
fprintf(super,"\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);
printf("\n\nZ : %f cm. \tya,TPB : %f",z2,yatpb);
printf("\\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f

cm.",nconc,RDeep);



}

void ConvMolf(float ytpb, float yabulk, float Daeff, float Pop, float Top, float z1, float z2, float ynext,

return(yatpb);

float wt, float molAold, float NT, float Pa)

{

}

float R =82.057; /* Gas Constant ,cm3.atm/mol/K */
float Na

molAuse

yabnew ,

ybbnew ,

Panew ,

molAoldnew
Na = (ytpb-yabulk)*Daeff*Pop/(R*Top)/(z1-z2);
molAuse = Na * (ynext*wt);
yabnew = (molAold - molAuse)/NT;
ybbnew = (1-yabnew);
Panew = Pa*(molAold-molAuse)/molAold;
molAoldnew = molAold-molAuse;
temp[0] = yabnew;
temp[1] = Panew;
temp[2] = molAoldnew;
temp[3] = ybbnew;
fprintf(super,"\n\n\nData of function Mol. Convers");
fprintf(super,"\n\nmolAuse : %.10f mol",molAuse);
forintf(super,"\nmolAold : %.10f mol",molAold);
forintf(super,"\nmolAnew for next element : %.10f mol",molAoldnew);
forintf(super,"\nPressure A old : %f atm",Pa);
forintf(super,"\nPressure A new : %f atm",Panew);
forintf(super,"\nyAbulk new : %f",yabnew);

forintf(super,"\nyBbulk new : %f",ybbnew);
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float CerrentChange(float NT, float yabulk, float F, float ynext, float wt, float Top, float Daeff, float Pop,

float z1, float z2)

{

float Jnew = 0; /* Cerrent Dencity for new calculate */
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float R = 82.057; /* Gas Constant cm3.atm/(mol.K) */
Jnew = NT*yabulk*2.0*F / (ynext*wt) / (1.0 - (NT*R*Top/(ynext*wt)/Daeff/Pop*(z1-z2)));
Jnew = temp[4] * (temp[0]/yabulk);
printf("\n\ntemp[4] : %f",temp[4]);
printf("\ntemp[0] : %f",temp[0]);
printf("\nyabulk : %f",yabulk);
printf("\n Jnew : %f A/lcm2",Jnew);
/l getch();
forintf(super,"\n\nFunction *** CerrentChange ***");
forintf(super,"\n\nNew Cerrent density (Jnew) for next Loop (nub : %d) : %f
A/lcm2",nub+2,Jnew);
return(Jnew);
}
void VeloPro(float Pa, float Panew, float um, float ynext, float z1, float y)
{
float zu =0 ,/* operate z direcsion ,cm */
vmax =0 , /" max verocity ,cm/s */
v =0 ;/*vorocity cal profile ,cm/s */

float znext = 0.01 ; I* znext for operate ,cm */

forintf(super,"\n\n\nFunction VeloPrp );
vmax = (Pa - Panew)/2.0/um/ynext * (z1*z1/4.0) * (1.013*pow(10,5.0));
keep[4] = vmax;
forintf(super,"\n\nRaya in Y Direction %f to %f cm",y-ynext,y);
forintf(super,"\n\nRaya %f cm\tVmax : %f cm/s\n",z1/2,vmax);
while(zu<=z1)
{
v =4.0%(zu/z1) * vmax * (z1 - zu)/z1;
forintf(super,"\nRaya : %f cm\t\tv : %f cm/s",zu,v);
printf("\nRaya : %f cm\t\tv : %f cm/s",zu,v);

ZU += znext;

}

void avgsum()

{

float ans =0 ;
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ans = sum/nub;
fprintf(super,"\n\n\nResult of Concentration Overpotential : );
fprintf(super,"\n\nSum of Concentration Overpotential : %f V',sum);
forintf(super,"\namonut of Loop in system : %d times",nub);
forintf(super,"\n\nAvg. of concentration ov. : %f V",ans);
forintf(power,"\n\n\n\nAvg. of concentration ov. : %f V",ans);
printf("\n\n\nAvg. of concentration ov. : %f V",ans);

}

void printkeep()

{
fprintf(power,"\n%.2f-%.2A\t%d\t %\t %A\t %\t %\t %At %" keep[0]-

keep[10],keep[0],nub,keep[1],keep[2],keep[3],keep[4],keep[5],keep[6]);

}



A-8 WAMITUALLUSLATN SMLO3.CPP

#include<stdio.h>
#include<conio.h>
#include<math.h>

#include<stdlib.h>
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float DiffusCoeff(float Top, float Pop,float dp,double e,float t);

float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2,float

znext);

double Ltpb(double e,double fe,double fi,double Vt,double ri,double re,double next);

FILE *super;
FILE *power;
void main()

{

[****** \Jariable Show That : Fix system *******/

float J =0.3,
Top =1023.15,
Pop =1.0,
Daeff =0,
z1 =0.2,
z2 = 0.395,
yabulk = 0.64,
RDeep = 0.005;
double e =0.1
fe= 0.5
fi=0.5

Vt= 4.0*pow(10.0,-9.0)
ri=1.0*pow(10.0,-6.0)
re= 1.0*pow(10.0,-6.0)

float dp =0

t =4.5;
float znext =0.001
double next = 0.000001

float nconc

double vLtpb ;

/* Curent Dencity ,(A/lcm2) */
/* Temperature operation ,(K) */
/* Temperature operation ,(K) */
/* effective diffusion coefficient ,(cm2/s) */
/* depth of chanel fuel cell, (cm) */
/* depth of Anode fuel cell, (cm)*/
/* mol. fraction of gas A at Bulk phase */
/* Thickness of reaction zone ,(cm) */

/* Porosity (%/100) */

, /* Average pore size ,(cm) */
/* Tortuosity dimensionless */
/* Next step of function Molfrac */

/* Next step of function Ltpb*/
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Jerrrr Run Code ¥/
clrscr();
super=fopen("C:\PROJECT3\DATANSMLO4.txt","w+");
power=fopen("C:\PROJECT3WDATANSMLO4C. txt","w+");

[rrxxxx Start Show The Data Setup The System s/

forintf(super,"+++++++Start Show The Data Setup The System-+++++-++");

forintf(super,"\nCurent Dencity : %f (A/cm2)"J);
fprintf(super,"\nTemperature operation : %f (K)", Top);
fprintf(super,"\nPressure operation . %f (atm)",Pop);
fprintf(super,"\ndepth of chanel fuel cell (z1) : %f (cm)",z1);
fprintf(super,"\ndepth of Anode fuel cell (z2) : %f (cm)",z2);

fprintf(super,"\nMol. fraction of gas A at Bulk phase : %f ",yabulk);
fprintf(super,"\nThickness of reaction zone : %f (cm)",RDeep);
JRrrrk RUn Code HFer/
while(e<1)
{
dp = (ri+re)*e/(1.0-e) * (2.0 * 100.0) ;

fprintf(super,\N\n\n+++++++++++++++++ Cal. At Porosity :
%f++++++++++++++++++++FFFF R+ 8);
forintf(super,"\n++++++++++++++++++++++++++++++++H+
e S o e S
Daeff = DiffusCoeff(Top,Pop,dp,e,t);
nconc = Molfrac(J,Top,Pop,Daeff,z1,yabulk,RDeep,z2,znext);
vLtpb = Ltpb(e,fe,fi,Vt,ri,re,next);
fprintf(power,"\n\te : %f\tdp : %AtDaeff : %f cm2/s\tnconc : %f VitvLtpb : %lf
Gm/m3",e,dp,Daeff,nconc,vLtpb/(1*pow(10,12)));
e =e+0.1;
}
forintf(super,"\M\n++++++++++++++++++++++++++ End Of Cal.
s e &
forintf(super,"\n++++++++++++++++++++++++++++++++++++++H

s o e S
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printf("\M\MMN\N\N++++++++++++++++++++++++++++ END Of Ca
| ++++++++++ttttttttt ),
getch();
fclose(super);

fclose(power);

}

float DiffusCoeff(float Top, float Pop,float dp,double e,float t)

{

/7***** \Jariable Show That : recive value of Calculate *******/

float ea =0, /* Collision diameter of A */

eb =0, /* Collision diameter of B */
eab =0, /* Collision diameter of binary A and B */
n =
Da1 =
Dd2 =
Dab =0, /* diffusion coefficient of A&B , (cm2/s) */
Dik =0, /* Knudsen diffusion coefficient, (cm2/s) */
Daeff =0; /* effective diffusion coefficient ,(cm2/s) */

/7***** \Jariable Show That : Fix of System Binary Diffusion *******/

float Tca =132.9, /* Critical Temperature of A. ,(K) */
Tcb =304.2, /* Critical Temperature of B. ,(K) */
k = 1.38*pow(10.0,-16.0), /* Boltzmann Constant ,(ergs/K) */
Treff =293.15, /* Pressure reffernce for cal Dab, (atm) */
Preff =1.0, /* Temperature refference For cal. Da1 and Dab , (K) */
Dabref =0.162, /* diffusion coefficient of A&B at Treff=293

K,Preff=1atm , (cm2/s) */
Ma =28.01; /* Molecula wight of Hydrogen,(g/mol) */
rxwenex RUN CODE #++++%/
ea = 0.77*Tca’k;
eb =0.77"Tcb*k;
eab= pow((ea*eb),0.5);
Tn = k*Top/eab;

printf("\n\n Tn of eab at Top : %f K",Tn);
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Dd2 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;

printf("\n\n Dd2 : %f egsd",Dd2);
Tn = k*Treff/eab;
printf("\n\n Tn of eab at Treff : %f K", Tn);

Dd1 = (1.06036/pow(Tn,0.15610)) + (0.193/exp(0.47635*Tn)) +(1.03587/exp(1.52996*Tn)) +

(1.76474/exp(3.89411*Tn)) ;

7

printf("\n\n Dd1 : %f egsd",Dd1);

Dab = Dabref*(Preff/Pop)*pow((Top/Treff),1.5)*(Dd1/Dd2);
printf("\n\n Dab : %f cm2/s",Dab);

Dik = 4850*dp*pow((Top/Ma),0.5):

printf("\n\n Dik : %f cm2/s",Dik);

Daeff = (e/t)*Dab;

printf("\n\n Daeff : %f cm2/s",Daeff);

getch();

[t Show Data Result of Diffusion /
printf("\n\n\n\nShow the result of Binary Diffusion ");
printf("\n\nDTeff : %f cm2/s",Daeff);

[t Show Data Base Subport of Diffusion /
forintf(super,"\n\n***Data Base Subport***");

fprintf(super,"\nBlosmann Constand : %.18f ergs/K " k);

forintf(super,"\nAverage pore size : %f (cm)",dp);
forintf(super,"\nMolecula wight of Hydrogen : %f (g/mol)",Ma);
fprintf(super,"\nCritical Temperature of A.  : %f (K)",Tca);
forintf(super,"\nCritical Temperature of B.  : %f (K)",Tcb);
forintf(super,"\ndiffusion coefficient of A&B at Treff= %f (K), Preff= %f (atm) : %f

(cm2/s)", Treff,Preff,Dabref);

[reeeeeshow Data Result of Diffusion /

fprintf(super,"\n\n***Data of The System CO-CO2***");

fprintf(super,"\nKnudsen diffusion : %f cm2/s",Dik);
fprintf(super,"\nCO-CO2 diffusion : %f cm2/s",Dab);
fprintf(super,"\nPorosity (e/100) 1 %f".e);
fprintf(super,"\nTortuosity dimensionless D %f"1);

fprintf(super,"\N\nCO-CO2 Diffusion effective : %f cm2/s",Daeff);
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return(Daeff);
}
float Molfrac(float J, float Top, float Pop, float Daeff, float z1, float yabulk, float RDeep, float z2,float
znext)
{

[ Variable Show That : Operate Program *******/
float i =0;

/****** \Jariable Show That : recive data of Calcuate *******/

float ya=0, /* mol. fraction of gas A */

yatpb =0, /* mol. fraction of gas A at TPB. */

nconc =0, /* concrntration overpotential */

F =96485.3, /* Faraday Constant */

R1 = 82.057, /* Gas constant. (cm3*atm/mol/K) */
R2 = 8.3143; /* Gas constant. (J/mol/K) */

Jrerees Run Code #F++++/
i=z1+znext;
forintf(super,"\n\nStart ya,bulk : %f at Z : %f",yabulk,z1);
printf("Start ya,bulk : %f at Z : %f",yabulk,z1);
while(i<=z2)
{
ya = (J*R1*Top/(2*F*Daeff*Pop)*(z1-i)) + yabulk;
forintf(super,"\nZ : %f cm.\tya : %f",i,ya);
printf("\nZ : %f cm.\tya : %f",i,ya);

i=i+znext;

}

yatpb = (J*R1*Top / (2*F*Daeff*Pop)*(z1-z2))+yabulk;

nconc = (-1) * (R2*Top) / (2*F) * log(yatpb*(1-yabulk)/yabulk/(1-yatpb));

forintf(super,"\n\nZ : %f cm. \tya, TPB : %f",z2,yatpb);

fprintf(super,"\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);

forintf(super,"\n\n\n\n************End of Calculate the concentration

ove rpotential******************ll) .
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printf("\n\nZ : %f cm. \tya,TPB : %f",z2,yatpb);
printf("\n\nThe Concentration Overpotential : %f V. at Reaction Deep : %f
cm.",nconc,RDeep);
return(nconc);
}
double Ltpb(double e,double fe,double fi,double Vt,double ri,double re,double next)
{
double M
vLtpb ,
Zie ,
a .
ov =09
VA1
Zi
Ze
AL >
Ltpb !
f1 :
f2 .
r1
r2

double temp

temp1 [

Answer ;
int num =0 :
double Z=6.0

d = 0.9*(ri+re)

e —— o = I /
if(ri>re)
{
r=rj
r2=re;

1 =fi,



1

7

f2 = fe;
}
else
{
r1=re;
r2 =ri
f1 = fe;
f2 = fi;
}

M = (f2/f1) * (pow(r1,3.0))/(pow(r2,3.0));

printf("\M\n\tM : %", M);

getch();

a = (1.0/(2.0*d)) * pow(((4.0*d*d*r1*r1) - pow((d*d* - r2*r2 - r1*r1),2.0)),0.5);
printf("\n\ta : %If",a);

getch();

V1= (22.0/7.0) * pow((r1+r2-d),2.0)*(d*d + 2.0*d*r2 - 3.0*r2*r2 + 2.0*d*r1 + 6.0*r2*r1 -

3.0*r1*r1)/(12.0*d);

/*

e)*Vt"M*(1/temp1)*(4.0/3.0)%(22.0/7.0)*pow(r2,3.0)) + ((1.0-)*Vt*(1.0+M)*(1/temp1)*(1-OV)*V1);

*/

printf("\n\tV1 : %.30If m3",V1);

temp = (1.0-e)*Vt;

printf("\n\ttemp : %.15If \n",temp);

getch();

oV =1.1;

Answer = 0.0;

while(temp>Answer)

{
OV -=next;
temp1 = ((4.0/3.0)*(22.0/7.0)*(r1*r1*r1 + M*r2*r2*r2)) - ((1-OV)*(1+M)*V1);
Answer = ((1.0-e)*Vt*(1.0/temp1)*(4.0/3.0)*(22.0/7.0)*pow(r1,3.0)) + ((1.0-

printf("\n(1-e)Vt : %.12ItOV : %.7IAtAnswer : %.15If" temp,OV,Answer);

1
printf("\n\nFacsion Overlamp(OV) : %lf",QV);

getch();
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AL = ri/re;
Zi = 3.0+((Z-3.0)*pow(AL,2.0)/(fe+fi*AL*AL));
Ze = 3.0+((Z-3.0)/(fe+fi*AL*AL));
Zie = fi+fe+Zi+Ze;
printf("\n\n\tZi-e : %lf",Zie);
/* getch();
printf("\n\n Are You OK. about Value of Zi-e. (Yes=1,N0=0) : ");
scanf("%d",&num);
if(num==0)
{
printf("\n\nEnter Your new Zi-e : ");

scanf("%lf",&Zie);

}

else

{
printf("\n\nWe use Zi-e : %lIf",Zie);
geteh();

}

*/

vLtpb = (e*(1.0-e)*(1.0+M)*Zie*(2.0)*(22.0/7.0)*a) / (((4.0/3.0)*(22.0/7.0)*(r1*r1*r1 +
M*r2*r2*r2)) - ((1.0-OV)*(1.0+M)*V1));

Ltpb = vLtpb*Vt;

frexesmeeeess Show Result OUTPUT AT STDIO /
printf("\n\n\n\n*********+** Model of looking for vLtply *******xxxkxn),
printf("\n\nM : %If",M);
printf("\na : %lIf m",a);
printf("\nV1 : %If m3",V1);
printf("\nFacsion Overlamp(QV) : %lIf",0OV);
printf("\nAL(ri/re) : %If",AL);
printf("\nZi : %If",Zi);
printf("\nZe : %lf",Ze);
printf("\nZie : %If",Zie);
printf("\\n\nvLtpb : %If m/m3",vLtpb);
printf("\nvLtpb : %If Gm/m3",vLtpb/(1*pow(10,12)));
printf("\n\nLtpb : %If m",Ltpb);
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printf("\\n\nLtpb : %If km",Ltpb/(1*pow(10,3)));

[reeeessses Show Result OUTPUT AT FILE /
forintf(super,"\n\n\n\n************ Model of looking for vLtplp****x+xxkkkxxn .
fprintf(super,"\n\nM : %If",M);
forintf(super,"\na : %lIf m",a);
forintf(super,"\nV1 : %.20If m3",V1);
forintf(super,"\nFacsion Overlamp(OV) : %lIf",0V);
forintf(super,"\nAL(ri/re) : %If",AL);
forintf(super,"\nri : %.8If m",ri);
forintf(super,"\nre : %.8If m" re);
forintf(super,"\nfi : %If m" fi);
forintf(super,"\nfe : %lIf m",fe);
forintf(super,"\nZi : %If",Zi);
forintf(super,"\nZe : %lf",Ze);
forintf(super,"\nZie : %lf",Zie);
forintf(super,"\nTotal Volume : %.15If m3",Vt);
forintf(super,"\n\nvLtpb : %lIf m/m3",vLtpb);
forintf(super,"\nvLtpb : %If Gm/m3",vLtpb/(1*pow(10,12)));
forintf(super,"\n\nLtpb : %If m",Ltpb);
forintf(super,"\n\nLtpb : %lIf km",Ltpb/(1*pow(10,3)));

return(vLtpb);
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A-9 ARRE195IHALLUSWATN Maple A1USLLARNNNSRLANIU-LITALIAR FIUSLTEULANS

-4
aa9a9Alsznay
Z o= (1= 0.665475y(z)) - —y(z) — 0.665475 (—y(z)J =0
dz dz
& d 2
(1 — 0.665475(z)) [—2 y(z)) — 0.665475(— y(z)j )
dz dz
dsolve (fx);
(2 = 40000
Y 26619
1
~ecro 1600000000+ 53238 CT z + 53238_C2.,y(2)
40000

1
~ 26619 + 26619 V 1600000000+ 53238 CI z + 53238 (2

ic == D(1)(0.2) =—0.3433459(0.2) = 0.8;
D(y)(0.2) = —0.3433459(0.2) = 0.8

fc = dsolve ({ fx, ic});



z := 0.395;

y(2)

_ 40000
26619

16239052369406729404723766391122083404725807440177678
06243478280614790961455754277159725703505597584722080
27844389623056777651680222603953652700936672127204606¢
52347511922400737729232795498241075000

(
52387261473570481117992184220279834880227413260839306!

51998850976602132489409699301321841939088751804136386.
457519614119021038313207977698371810073180470795951791
12647668166606694829481662828341010215924879417112332°
42885130465381087451818463997486426832939836284881106
67703302834224682159109103595916547459842662197257994.
99556688981806142824766762956903623572290495618859106°
61250639772860910

— 34195587360246782235386759253546880737554002295806(
79123878100177106244304969548980492372379092748635711
23848441617596135472368756223789952204928987322174242°
62201599595133621542055852351333396817664802424046045¢
99746156245098417176000167963704485206326882481607269
55705601457706836301466275428674378221665304646839928!
80377414593361439817031123999085845431314933740636937:
24093245749864304559

— 509676926441142601208073484916979191341304746313131
67095602522120034138254657624631690939063630175526803:
57074392595243135466441807877874693343339389065694624.
37647645203633665230787437485962519141139329644159207
76450118731368579346046846631861116267711149987586364
60449125193272962105445053143912285644460347346859445¢
4371033817338512819156029985048856490

((—82230901613621464782818805580870746352741

12\ 12
+—920587086099564784366473363251738317632@§) >
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0.395

slove(fc);
slove (y(0.395) =0.7359652463

% 1 s s (% [~ o %
A-10 AAaEN95UALLSULNTN Maple AUSLULNFNNITHANIU-LLALIAR AIUSLTSUL

4
A58 1a9Alsznay

Craleni)

(Lmsostorad) /) (35 o)) ]2

Dab Dac
o2 d &
[Dac '(Ey(z)) ]
(Lmsostaral) | G5 Eraed) ]2
Dab Dac

=0,

1 —y3 —y(z) al o y3 +y(z).02
Dab Dac

oc]( g (z)j2

Ey
y3 +y(z).02 Jz

_l’_
1 —y3 —y(z) ad
Dab Dac

Dab (

dsolve (fx);
y(z)

[ -Dac ol + o2 Dab

- d b
c Dac — Dacy3 — Dac _b al + Dab y3 + Dab (_b.o2) ] - db

— Clz— C2=0

y3 = 0.1;



0.1
ol = 0.666667
0.66666"
o2 == 0.333333
0.33333:
Dab = 0.743701;
0.743701
Dac = 0.26523
0.26527
fx;
d2
E y(2)

1.587195018+ 0.3603515465y(z)

2
0.3603515463(%)/(2))

=0
(1.587195018+ 0.3603515465y(z))>

dsolve (fx);
2

S (31743900364 720703093p(z)) 3003515465 _ o1 o=
2

ic == D()(0.2) ==0.815972 y(0.2) = 0.7;
D()(0.2) = —0.815972 »(0.2) = 0.7

fc = dsolve ({fx, ic});
) _ 3174390036
4 720703093
2
+ 720703093 RootOf \ 114965068784375000 7

2 3603515463

+ 10199653678882201 13603515465 (5 3603515465
2 3603515463

— 11496506878641493678882201 13603513465 1) 3603515465

z = 0.395;
0.395

fc;
3174390036
(0.395) = ==55703003

2

50703007 [ 3603515465
+ 720703093 RootOf \ 114965068784375000 Z

2 3603515463
— 1.14965068810'® 3678882201 13603315465 15 3603515465 j

2

Rl = RootOf(44830390475250000QZ 2943151443
2 2943151441 )

>

— 4.48303904810'° 199246179897243131443 1) 2043151443
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2

RootOf (44830390475250000Q 7 2943151443
2 2943151441 )

— 4.48303904810'0 19924617989743151443 1) 2043151443

A-11 AAREN9sUALLsLNSN Maple F1USLLARNNITNITUNIURINA

1
7 fi=l= N.R.T(_Da'P'E)/(Z))
DaP(%y(z))
YT ey
_9
fx - aZ X5
2
DaP[d—zy(z)j
0= dz
NRT
- (L. (2&Z K
ic =D0)ED = (577 |- (g )32 =t
D) (£1)= = i, y(el) = yb

f1 := dsolve({fx,ic},y(2));
| JRTz | 1 2ybFPDa+JRT:zI

V&) =3 oo T2 F PDa

ic :=D(y)(zl)=B.,y(zl) =yb;

D(y)(z1) =B,y(z1) =yb
dsolve ({ fx,ic},y(z))

v(z)=Bz+yb— Pzl
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