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Abstract

Nowadays, the fossil fuel is the main energy over the world. Due to limitation and pollution of fossil
fuel, the alternative energy is required. To solve this problem, alternative renewal energy is developed.
Energy from water an alternative renewal energy and clean energy. Fuel cell is an hydrogen energy
which obtained from water. In this research, mathematical modeling of planar solid oxide fuel cell
fed biomass derived fuel is presented. From numerical results, it is found that the porosity affect to

solid oxide fuel cell performance with less significant.



d1308y

1 unih
11 deguszasAvadlAsansdide ...
1.2 WRURAVBIATINNTIVG « « o o v e e e e e
1.3 WAUIUMTIVY .« o o e
16 UsslemiimadnagldSu .

2 33eiiun15Ie

21 lesseduituguvesweddemdwineonlefvonds . ...
22 UiRsewailumed@onde . L
23 Uinaiildlunisuin (Computational Domain) . . . .. oo oo
2.4 aun1ImuAY (Governing Equations) ... ... L
25 QouUlUANBU . ...
26 WITWBT . .

3 WanN1599Y
4 ayluarafiusenansIvy
5  Jolduanue

6 wawdn (Output)
6.1 NAVURATNUIN . . o . o

6.2 NSNAAUMTN . . ..
7 ussanunsu (Bibliography)
8  n1ANuINn (Appendix)

% %

9  UsEIRinadY

10

10

10

10

11

11

11

12

13

13

14

15

18

20

21

22

22

22

23

26

36



d150M1919

1 AN LEAIATNITITLA D ST T LUNITAIAINDUYBILUUI1AD



§19

€
3=
€aN

U

aaufifveswedifomaseenlesvomds L wad ...
Tassadrveadidomamn 1 wadildlunisAiuia Usnaudae anode flow channel
(©1), anode electrode (€,), electrolyte (Q3), cathode electrode (Qy), Wag cathode
flow channel (Qs). . . . . . .
TnssadrannefldlunsiuinUsenouse 9,744 @ndn . .
dnaruluavestlalasulneldrmdndluavedlalnsouEudiuiu 0.04 uaz 0.2 w,, —
0.04,0.2 BNHENAU «+ © o o v v e e e e e e
Electrolyte current density Ingldandnaruluaveslalnsiudududy 0.04 waz 0.2
why, = 0.04,0.2 MUY . . . . .o
Polarization curve TneldandnduluaveslalnsauEududu 0.04 waz 02 w,, —

0.04,0.2 BNHANRU « © o o v oo e e e

12

13

18

18

19

19



1 unu

Tuthagtuiienudesmslindsruludueg 4 swaunn shldviinudtudiuiuhdanasesnanng
MIFINSANINAIIENIBaenUINNY Lawn wasudedes [25, 3, 16, 18], wasuainnea [12, 13, 24],
wiaudna [5, 11, 23], wdanulelasiau [2], nésuay [17, 8], naMuLasefing [22, 28] a1 5
Juymauaiwluema anzlanfeu [4, 7, 9, 15, 21, 27] fiinanmsoudeiameun et nswan i
18 ‘Luﬂmlﬁ{]zymﬁ TNSENYINAINUNILEDNUINLIY WU Waa91U biodiesel [29, 14], whdlwaaaa [6, 19]

[ L9 = o [ a 3 [ N Yo a (3 a [ 1 1Y a
wunu ‘*U\‘]LUUﬂ’]iuWWﬁN’]u%Wﬂﬂ]’mﬁmﬂLLU?EUL‘UUWﬁN’mVﬂ“Uﬂ‘ULﬁi@ﬂﬂumLLﬁ%Lﬂi@ﬂ"\]ﬂimN ] ORTNATTEUN

1%
aa [ 3 ~ £ A

D9FINNADUMYLAT AU UM ARUNAdMSUNITanUaR LA ITNAIUUSaNT A N15lYwad e

9

A Tlalasududonds wazwadwandswinoanlvnvewd wluwadiWonaangndsunainvany wu

o = & v = av o o ¢ & a ) v PN '
WISIUDA LONTIUDR WaIUTINIA L UUAY IUﬂqiﬂﬂiﬂquﬁ]ULﬂEJ']ﬂ‘ULsU'aaL?J@LWﬁQiu{jﬂﬂngﬂuﬁuwumiﬁﬁ L

NNBIRANNINININNTITe LA T Tuwad wewmdsiuiliUseloviagedlumsimunmeiuingreans

[ [
a v o = v [ 9

wazwalulad datiu M3fnwwaziawinuusassdadamanitududnmadenuisfiesdaaduliiing
fimuludunsifoiefumadidemds waddewdeiigiduaula Afe waddondseenludvadsdeiivon
Ao annsalindsuiinainanglunisiuirdeunisynnurewadomas Fandsnuinaiiinswaunly
Ustinalne aunsalitumaddomaseonladveuddld uininwadidemawiniimanhauiigungiifigenn
Tur23 600-1000 °c Msidenlifanfivnganisiianuddyegieunn TasAvesnrunsuvesianitliuda

glatudnnuuanaiusazdmasonuuluswosian [26]

(%

1.1 daguszasavadlasanisivy

(Y Y & A

1A54n15 338 il Tmguszasdiie WanunuuudnaesdisadinmanslunisAnw UssdnSamuesigad e mdawile
s 2 g o & a o & a A wa Y| ¢ & a s 1
sonlgdvendenidweindedinaldudemaulisaudivesnnuniuvesTan nldluwadiveimaseenlyniian

LANAIGAY

1.2 YauUlAYa9lATINISIAY

va v = [ o A

lunsfnwiasall idefnwuvuitaendiadinmansanauide lngldveyaannuidenlasunisadiuily

gudeyas q lngdeyaildliun vuinveawadileinds (Domain) @unisaiuAy (Governing Equations) i

ANUNTUTRTAR YA 9 wagndiwesildluuuudiaes
ad o a a v
1.3 28ALUUNIT9Y

(%
o [y LYY [

TumsaliunsIdegiidedadutuneulunisaniuny fsl

10



1 AnwiauiUeaiuvsluiseeseadiWoimaanuusn 4 waziuudnasssng o Mngites nviideuas

AT Welrlduuusaswenwad demdseenlsduouds
2 Anwenudululdvesnouressyuvaunsiiuluusaswesvadomaeenlysveuds
3 AuAYeUATEIUTAMANET (Domain)
4 wimmsuinavlagldlusunsy Comsol Multiphysics

5 Ainsevilavasunamnouills
1.4 Usglevunanadnaglasu

1 AMAYINS
I@rerennuiniuadwomadssineonledvewds ilidanuimundanumadenndulgma

dryvessewalnenazvaslan

2 AULATHFNA/NYE

[y

21939849

)

W59 WinlszAvinnveswadwamdsrineanluduosudls Wesadenldianmnzay

3 AuFIPULAEYLTY
Y ¢ & a Yy o @ @ 1 1 v a = & ¢
nsaLwadamEs andusatiuazdimadionisandymilaniou anuafivniaeinia dadulsslov

PENUINFDAWINTDY FIALLATYUYY

4 Jussdanuilunsidesely

aa = & ° v 9 Yo = ¢ & a A a wa A o Al v
'Jﬁﬂqiﬂﬂ@?uaqmqiﬂu’ﬂﬂﬂiUiﬂﬂUﬂqiﬁﬂH']Lgljaalﬂ]@LWﬁQLLUU@u NIDANUNDU € ?J@\‘i')ﬁﬁrl/ﬂemﬂ

5 ANSLNELNINAIIY

va v 1

ARdpdranuANuilugUsansIEAuILIYIR
ad o =\ a o
2 57 UUN1TIY
¥ & ¢ & a a 4 <
2.1 Iﬂiﬁﬁiqﬁwugqu%aﬂWﬁﬂL‘UE]LWﬂQ‘U‘NﬂE)E]ﬂl“UWUENLL‘UQ

I
o w 1 I~ 1Y

TAs9as1e MU §1uves wad e wdsuuvoanlen veauds 1 wad Ussnaumedididy 3 du fe Truslun
(Anode) 1aualng (Cathode) wagdianinslad (Electrolyte) 1nUsenauiu lnsusazdiutiuasiidunesnouun
(Interconnect) usmweusawadiinmeiu lnedwndanungu laun weluadianlnsa (Anode Electrode)

nazualnaBianingn (Cathode Electrode) uanaldwssud 1

11



Anode

Fuel o Electrolyte
Cathode
Cell mAir
Repeat

Unit

Interconnect

P aa ¢ & a ¢ < ¢
E‘U'V] 1: ﬂqWﬁqﬂJﬂJmsﬂa\iL%aaL%@LWﬂﬂ@aﬂi%WGU@QLLGUQ 1 wag

2.2 Ujisenailuwadieinas

Uffsenailumaswaindsieluawazualnaaunsouanslalaeufisedeluidauddu
H, + 0% — H,0 + 2e~

%Oz +2e 5 0%,
AUNTIIUAD
%Oz + H2 — Hzo

fldmasuaunauanlamdudomaazlaaunisaiiiualun
2C0O +20% = 2CO, +de~;

A
ﬁllﬂ'ﬁLﬂll‘V]LLﬂIV]@

O, + de™ — 207,

LAZANNITII
2CO 4 Oy — 2C0;.

deldlelasasuau (Hydrocarbons: CoHm) Wuwenasas laaunisiniivedwad @endafiuelun ualng

[

LAYANNITIINYDAULAN ANUANPUAIT

CoHm + (20 +0.5m)0% = nCO, + (0.5m)H,0 + (4n + m)e~,  p=2n+0.5m

(N4 0.25m)0; + (4n +m)e™ — (2n 4 0.5m)0?~,

12



ChHm + (n +0.25m)0, — nCO; + (0.5m)H,0.
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1ael J unu current density vector in the electrolyte, Q Julasia source uay sink

Ch2 0.5F Ch20 —1.5F
a,ct — a ex - ex s 2
Dot =G0, (Chzmef p< RT 77) Ch2o,ref P ( RT 77)) @

P89 Qo.. A® anode exchange current density (4/m2), cne A® molar concentration of hydrogen, cus,

A® molar concentration of water, ¢ f® total concentration of species (mol/m?), charer WOY Choo ref h)
reference concentrations (mol/m3), F @8 Faraday's constant (C/mol), R A ANASAUDANE (J/(mol - K)),

T Ao aumnil (K) uag 1 A9 overvoltage (V).

1 = Gelectronic — Pionic — Adeq (3)
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dle Age, AB equilibrium potential difference (V) [10].

mass transport equation @MSULAAE species i =1,...,Q A
1neil p Ao mixture density Wag u A mass average velocity of the mixture

Navier-Stokes equations wag Brinkman equations Tlun1saiuaunisluaifiannnungudiuiieades

V- (pv) =0 (5)

p(V-V)V:V~[—pcl+u<VV+(Vv)T>—gu(v-v)l +F (6)
V-(pV) = Qbr (7)
g(v~v)% = V~{p|+5(VV+(VV)T)2'Z(V~V)| (8)

_< Py Bl + Qg’">v+F
Rpr €

a9l 1 Aa dynamic viscosity, v fiB velocity vector, p fiB AUNUIKIL, p AD AIUGY, € AD AUNTY, ~ AD
permeability of the porous medium Wag Qu, AB source or sink, Bp|v|v AB viscous force proportional to
the square of the fluid velocity lnefl 8r fio Forchheimer drag option.

PNNSAN IAenuITuneuatetuneulun s sULUUNsUmE kUL o dhluliluwadiae
wdseenlyivads Wolasanaunisindvesomasuune 9 nieuiinszuiunisuanlalasiauuiansain
Womastinm szvhlilalalasiuuiansivenasldluwadwands udrsunalalasuuuiiladagyiilviead
& a a a a aa v & vaw Y . A Y ° ° ) ¢ & a
WowmAliussAvannagn datiu §IduazUTueves mass fraction iellawuudtaesdmiuwadiveinds

Yot omAstualulawasniUsEans nna
- .
2.5 wWoulvA1wau

wadwamaseanlusvaanddinisiualudnua counterflow Tnsiilalasuuinineluslaslvainiagiuag
¢ & a o o . . . | a a & I
WA wRINAY d1SUaNN1S ionic charge balance equations ludesnisluaualng 8ianinslas wazaeenis

Tnawslun fvualivaulnssaulduauiu feaunis (9)

-n-J=0. 9)
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&3 transport of species luuslun 1A mass fraction BuAwdu (wy,) 0.04, and 0.2 TngldArAidudie
Y99989n15 wanelus Tudiuvessuuvestainisivawsluamivualiidutesnisivasesn seuuenvastel

nslvaueluauazualng fuuaAvedliduy No flux boundary condition Aseanns (10)
-n- (Jz + pri) =0. (10)

2.6  WITULHDS

AN5197 1: MISILARIANNNSIILASN G IUNITUIAINDUVDILUUINEDY

Heydnwal Iazden Aniild
Chooref | Reference concentration, H,O at anode 1.6223 mol/m3
Cporef Reference concentration, H, at anode 9.7336 mol/m?3
Copref Reference concentration, O, at cathode 1.2559 mol/m3

Ctot Total molar concentration 11.356 mol/m3
Dihohoo | Diffusivity, H, — H,O 8.5871 x 10~ m?/s

Dionooeff | Effective diffusivity, Hy — H,O 2.1724 x 10~* m?/s
Di2h2o Diffusivity, N, — H,O 2.4477 x 10~%* m?/s

Dronooeff | Effective diffusivity, N, — H,O 6.1922 x 10> m?/s
Doshzo | Diffusivity, Oy — H,0O 2.451 x 10~* m?/s

Dosnooeff | Effective diffusivity, O, — H,O 6.2005 x 10=> m?/s
Dozn2 Diffusivity, O, — N, 1.9235 x 10=* m?/s
Doonoeff | Effective diffusivity, O, — N, 4.8662 x 107° m?/s

dpa Pressure drop, anode 2 Pa

dpc Pressure drop, cathode 6 Pa

€por Porosity 0.4

Eeqa Equilibrium voltage, anode oV

Eeqc Equilibrium voltage, cathode 1V
Hehannet | Gas flow channel height 5x10~%m
Helectrolyte | Electrolyte thickness 1x107%m
Hede Gas diffusion electrode thickness 1x10~%*m

fnentidaly
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A15199 1 (518)

Heyanwal Iazden Aniild
i04 Exchange current density, anode 0.1 A/m?
i0c Exchange current density, cathode 0.01 A/m?
Kd Reference diffusivity 3.16 x 10-8 m?/s
KL Electrolyte conductivity 5S/m
kleff, Electrolyte effective conductivity, anode 1S/m
kleff. Electrolyte effective conductivity, cathode 1S/m
Ks Current collector conductivity 5000 S/m
kseff, Solid effective conductivity, anode 1000 S/m
kseff. Solid effective conductivity, cathode 1000 S/m
L Flow channel length 0.0l m
M2 Molar mass, H, 0.002 kg/mol
Mh2o Molar mass, H,O 0.018 kg/mol
Mno Molar mass, N, 0.028 kg/mol
Mgo Molar mass, O, 0.032 kg/mol
L Viscosity, air 3x 107> Pa-s
Patm Atmospheric pressure 1.0133 x 10° Pa
perm, | Anode permeability 1x10710m?
permc | Cathode permeability 1x10710m?
Sas Specific surface area, anode 1 x 102 1/m
Sac Specific surface area, cathode 1 x10% 1/m
T Temperature 1073.2 K
Veell Cell voltage 095V
Vipol Initial cell polarization 0.05V
Vho Kinetic volume, H, 6 x 106
Vhoo Kinetic volume, H,O 1.27 x 107
Vno Kinetic volume, N, 1.79 x 10>
Vo2 Kinetic volume, O, 1.66 x 107
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A15199 1 (518)

Heyanwal Iazden Aniild
Wehannet | Gas flow channel width 5x10=%m
Whooref | INlet weight fraction, H,O at cathode 0.37
Whoref Inlet weight fraction, H, at anode 0.4
Wooref Inlet weight fraction, O, at cathode 0.15
W, Rib width 5% 1074 m
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V_pol(9)=0.8 Surface: Electrolyte current density vector, z component (A/m?) V_pol(9)=0.8 Surface: Electrolyte current density vector, z component (A/m?)
x10° x10°
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=b.
o

naNTeNTadieInGs JU 6 uans Polarization curve Teuwadioindseanlafveudilnglirdndiuluaves
alasausududu 0.04 uaz 0.2 wy, = 0.04,0.2 mudu WeldrdndruluavestalasouEududu 0.04 d
QaqmLaﬁﬂmaaﬂisLLﬂlWﬁwﬁmUizmm 2,700 A/m? Gannnidleldmdnduluaveslelaswusududy 0.2
g 500 A/m?.

dmsunsiauuuuaesdndamanslunsinudsyaninmessad demdsuiineenlervoudily
Foumdstnaidudomaileautfivesaumsuresanililumadidemaseanludiiauandreiu §ifousy
Avosnunguilu 11679 uaz 198 x 1010 Ingldavesmnunguidu 0.45 nausngildervesnszualih
Laf?{amnﬁqmﬁu 1223.79272 A/m? Uag 1223.00260 A/m? auanu agiulainAuanataiutiesnn ogslsh

7 eanunguudeyavesianiliiwad@omdenmiionnaianunguudienaasladus Nendavdna

RoUsEAVENNYRILadRINGwNNNINAIvBIAUNTUYRTE

19



4 #5UuazanusngnannsIeY

Pnuuuaesdviuwadideindeenledveds 3 87 wudawnsalilunisiwndeyaneluwad domas
161 Ineldlusunsu Comsol Multiphysics 2INN1SANYINATBIAUNTY WUTILIIIANVDIAMUNFUUANEANY

Aoutaun uiAnssudaliedefldlaunndsiuunin dsavesarunsutuazdinananisidonian oz

1 v a

W ldnuluwad@wends uonmlieNAIAINUNTULAIR1ILAA1BUY oRdvdINafiaUsEAVEA VRIS

[
= £y

WawmdsnnninAvesanuniuvesdan snnsludiuvemanlaannmsimuiwuudiaesdiaunsatveings

q

[

= 1% e a ¢ 2 & ' ° ! X v vy
slj’mﬁaL‘Uﬂmi‘ﬂumaaLﬂjawaﬂaaﬂl‘?}ﬂmauwﬁuu NUIFATUITOATUIUNAUDY @a?umadlﬁﬂ@iwusl:uLU@QWUI@

v 6 1

p819l5nf Mslduuudassiidoudrsdudou THauns@seuiudtes Tu 3 §R Sensdidgmlumsmemineud

9

Aowutead Inenulgmlumsmeneu waznisgiinvesimeunsedldnailunsanlivauneaunis

20



5  UDLEUDNU

nnsAnwlagldarnnunguiiios 2 A1 Saudazuansaiuegeun wilidimadeUss@vsnnveswad ae
wasnnwile 9vvgiauinalinungulaensusurivesnnungulviianuasidenuindu annsludiu
YDINMIGVBIANBY NMIANYIBIATIZI MIIsnsindlunisAiaeaagyiiiaunMsmaneuves

JEUUANNIAeyNUSE el

21



6 wWawan (Output)

6.1  WNAITUANUN

[

unauilaSuRRne 1 Sos il
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Applied Mathematical Sciences, 12(1), 37-45.
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Abstract

Biomass derived fuel has been widely used in Thailand. The solid
oxide fuel cell can fed variety of fuels. Moreover, the experimental cost
of the solid oxide fuel cell is very expensive. Therefore, the mathe-
matical model of solid oxide fuel with biomass derived fuel is crucial.
The governing equations for solid oxide fuel are the fully coupled of
the current balance equations, the mass transport equations, and the
Brinkman equations. Taken into account the biomass derived fuel, the
chemical reactions from the gasifying process reveal that the hydrogen
mole fraction is controlled. The effect of the hydrogen mole fraction is
investigate. The results indicate that increase the mass fraction, the
average current density is not increase. The electrolyte current density
with high initial hydrogen mass fraction has the good distribution at
the center of the solid oxide fuel cell than the lower one.

Mathematics Subject Classification: 93A30

Keywords: Solid oxide fuel cell, Mathematical model, Biofuel, Biomass
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1 Introduction

Due to the energy problem, the renewable energy such as wind power, solar
energy, nuclear energy, biofuel including hydrogen energy is a possible solu-
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tion [4, 9]. Fuel cell is a device using hydrogen for the electrical power. It
was firstly developed in 1983 by Friderich Schnbein. Nowadays, the fuel cells
research works are focused on the development of various fuel cell for pow-
ers and transportation. Fuel cell can be classified as alkaline fuel cell (AFC),
phosphoric acid fuel cell (PAFC), molten carbonate fuel cell (MCFC), polymer
electrolyte membrane fuel cell (PEMFC), direct methanol fuel cell (DMFC),
and solid oxide fuel cell (SOFC) [5, 7, 13]. Solid oxide fuel cell has the high
efficiency (50-60%), high operating temperature (650-1,000 °C') and flexibility
of feeding fuels not only pure hydrogen, but also many reformate composition
consisting of multi-component species maybe used as fuel, such as water (H,O),
carbonmonoxide (CO), carbondioxide (COs), including biofuel [2, 6, 10]. In
Thailand, biofuel is developed due to the rich of resources [3, 8, 11, 14, 15].
The liquid biofuel or bio ethanol or bio-oil can produce purify hydrogen by
steam-iron process [1, 12]. It is gasifying as following chemical reaction,

CuHmO, + (20 — p)H,0 + nCaO — nCaCO; + (% Con p> .

The syngas from the biomass gasifier enters the prereformer and CO is
converted to Hy and COs. In the pre-reformer CH, and CO are converted into
the hydrogen using the steam agent. The chemical reactions are as follow,

CHy + H,O — CO + 3Ha,
CO + Hy0 — CO4 + Ho,

CHy + 2H,0 — CO9 + 4H,.

The chemical reactions in the solid oxide fuel cell system consist of the
reaction in anode and cathode, respectively,

Hy + 0* — HyO + 2e7,

1
502 + 27 — OZ_.

The overall reaction is .
502 + Hs — H5O.

The flow of the chemical reaction for producing the electrical current is shown
in figure 1.

From the purified hydrogen process from liquid biofuel and syngas from
biomass gasifier, the hydrogen is produced. The solid oxide fuel cell will obtain
the rich hydrogen from those processes. However, how much hydrogen should
increase the performance of the solid oxide fuel cell? Therefore, the effect of
the hydrogen mass fraction is investigated.
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Figure 1: Solid oxide fuel cell and the flow of the chemical reaction to produce
the electrical current.

2 Mathematical Model

Solid oxide fuel cells can produce more electrical power by increase the cells into
the stack. Therefore, the performance of the solid oxide fuel cell is investigated
using a single cell as shown in the figure 2 The computational domain is created

Anode
Fuel o Electrolyte
Cathode
Cell 4m Air
Repeat
Unit

Interconnect

Figure 2: Three dimensional of a single cell planar solid oxide fuel cell.

as shown in the figure 3.

2.1 Governing Equations

The governing equations consist of Maxwell-Stefan equations as shown in equa-
tion (1)

0 .
& (pCl) + V- (pciu) =-V. Ji + RZ (1)
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Figure 3: Configuration of a unit cell solid oxide fuel cell; anode flow chan-
nel (£21), anode electrode (€2q), electrolyte (£23), cathode electrode (£24), and
cathode flow channel (£25).

where, p (kg/m?) is the mixture density, u (m/s) is the mass average velocity
of the mixture, ¢; is the mass fraction, j; (kg/(m?s)) is the mass flux relative to
the mass average velocity, and R; (kg/(m3s)) is the rate expression describing
its production or consumption.

The current balance in the electrolyte is governed by

V.-J= Q, in QQ, Qg, Q4 (2)

where J denotes the current density vector in the electrolyte, Q can be any
source or sink. Navier-Stokes equations for describing the flow in open regions,
and the Brinkman equations for the flow in porous regions.

0
a—f +V - (pue) =0, (3)
du,

P (e V)=V {—pdw (Vue + (Vo)) - §u<v'uc>1} IF,
8(eor) (4)
)19 () = @i )

p {Oue U
;(at +(UC'V)5> (6)
=V- {—pcl + Eﬁ (VuC + (VuC)T) — ???ﬂ (V-u,) I} (7)
_ (/@L:r +5F\ucl+€—§r> u. + F (8)

where p (kg/(m - s)) is the dynamic viscosity, uc (m/s) is the velocity vector,
p (kg/m?) is the density, pc (Pa) is the pressure, €, is the porosity, x, (m?)
is the permeability of the porous medium, and Q. (kg/(m? - s)) is a mass
source or sink. [g|uc|u is viscous force proportional to the square of the fluid
velocity where Bf is the Forchheimer drag option (kg/m?*).
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2.2 Boundary Conditions

The fuel feed in the cathode and anode is counterflow, with hydrogen-rich
anode gas entering from the left. For the ionic charge balance equations in
cathode electrode, electrolyte, and anode electrode, the insulating boundary
condition is applied on all external boundaries as shown below.

-n-J=0. 9)

For the transport of species in anode, initial mass fraction (wp,) 0.04, and 0.2
are used at the left of the anode flow channel. The outflow is at the right of
the anode flow channel. No flux boundary condition is applied to all external
boundaries of the anode electrode and the anode flow channel as given below.

—n - (j; + puw;) = 0. (10)

3 Numerical Simulation

The computational mesh is consisted of 9,744 hexahedral elements as shown
in figure 4. The numerical solutions of the fully couple equations (1) - (8) and
all boundary conditions are obtained by Comsol Multiphysics 5.2.

Figure 4: Computational mesh for a unit cell solid oxide fuel cell consists of
9,744 elements.

To investigate the effect of hydrogen mole fraction to the performance of
solid oxide fuel cell, the hydrogen mole fraction 0.04, and 0.2 are used in the
initial values. The plots of the distribution of the hydrogen mole fraction in
the anode electrode and anode flow channel with the initial hydrogen mole
fraction 0.04, and 0.2, respectively, are shown in figure 5. The highest value
of the hydrogen mole fraction is at the inlet and gradually decrease with quite
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Figure 5: Hydrogen mole fraction with the initial mass fraction wy, = 0.04, 0.2,
respectively
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Figure 6: Electrolyte current density with the initial mass fraction wy, =
0.04, 0.2, respectively

same pattern for both initial values. Figure 6 is the plots of the electrolyte
current density in the center of the solid oxide fuel cell with the the initial
hydrogen mole fraction 0.04, and 0.2, respectively. The high current density
is located at the end of the solid oxide fuel cell for the initial hydrogen mole
fraction 0.04 while the high current density is located at the center of the
solid oxide fuel cell for the initial hydrogen mole fraction 0.2. The polarization
curves of the solid oxide fuel cell with the initial hydrogen mole fraction 0.04,
and 0.2, respectively, are shown in figure 7. The initial mas fraction 0.04, the
maximum average current density is around 2,700 A/m? which is more than
other around 500 A/m?.

4 Conclusion and Discussion

The variety of fuels can used for feeding solid oxide fuel cell. The biofuel
of biogas are the government support fuel in Thailand. In this research, the
effect of the hydrogen mass fraction is investigated when the biofuel and bio-
gas are changed to hydrogen due to the chemical reactions. A mathematical
model of solid oxide fuel cell is fully coupled the mass transport equations,
the Maxwell-Stefan Equations, the Navier-Stoke Equations and the Brinkman
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Figure 7: Polarization curve with the initial mass fraction wy, = 0.04,0.2,
respectively

equations with the appropriate boundary conditions. The governing equations
and boundary conditions are solved using Comsol Multiphysic 5.2. The re-
sults indicate that increase the mass fraction, the average current density as
shown in polarization graph is not increase. The electrolyte current density
with hydrogen initial mass fraction 0.2 has the good distribution at the center
of the solid oxide fuel cell. However, the initial mass fraction of hydrogen is
used only 2 values. To improve the results more values of the hydrogen mole
fraction have to taken into account to find the relation between hydrogen mass
fraction with the performance of the solid oxide fuel.
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