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Abstract

In this paper, the numerical results of a solid oxide fuel cell (SOFC) were reported in three dimensions. The relationship
between the cell performance and the thickness of electrodes was investigated. The governing equations for mass
continuity, momentum conservation, energy conservation and species conservation were discrete with the finite element
method using COMSOL Multiphysics. The current density was compared with the results between various thicknesses
of electrodes in a single cell. The porosity, height and length of the gas channel in the SOFC were input. It was found
that the current density increased with the increasing of the thickness of cathode electrodes; nevertheless, the current
density decreased with the increasing of thickness of the anode electrodes. Thus, the current density can be improved

by increasing the thickness of the cathode electrode or reducing thickness of the anode electrode.

Keywords: solid oxide fuel cell, thickness electrode, finite element method
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Figure 1 Three dimensional of a single cell solid oxide fuel cell
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Figure 2 Configuration of unit cell solid oxide fuel cell

Figure 3 Computational domain (a unit cell solid oxide fuel cell)
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Table 1 Three — dimensional solid oxide fuel cell geometry®

Structure Thickness Width Length

(mm) (mm) (mm)
1. Cathode flow channel 1 25 10
2. Cathode electrode 0.05 1.5 10
3. Electrolyte 0.01 1.5 10
4. Anode electrode 0.5 1.5 10
5. Anode flow channel 1 25 10
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Figure 4 Computational mesh of unit cell solid oxide fuel cell
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Table 2 The simulation results of SOFC (50 ym

Ca-thickness)

Anode thickness Current density’

(um) (A/m’)

300 1,944.29
500 1,818.85
700 1,784.28
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Figure 5 Effect of thickness of anode on SOFC current

density
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Table 3 The simulation results of SOFC
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Figure 9  Effect of thickness of cathode on SOFC

current density

Figure 9 LEAIAINURILIHDEINTLURINTN
Usuanuvmvestuwualnaiin 30 50 uaz70 um ¥
ﬁqmmqﬁ 800 °C wuinfisaualnanun 30 pm l¥nszua
IWinwrindiu 1,489.70 Am? i aifinanaummnaestuia lna
w50 pm lenszudliinfsdwlin 1,944.20 Am? da
D 23.38% uazfieunu 70 pm laldnszuglni
2,232.72 A/m? faitilu 12.92% uazannnslszaianany
Fufainanunmsestunalnaasinlildnszualnii
RN LL@iaamvl,sﬁmmfiaﬁaqﬂﬁmmmuLLﬁfaé'@mms

VAN UBINITTUF N ANzaaR



544

Ngamprawprow et al.

%Lﬂ‘i'\gﬁﬂaﬂqiﬂﬂaaﬁ

1. nydiUSuamnuwmvastuualua woindolw
waluafininuvu 300 pm Lradianasaslvnszua v
gagafa 1,944.29 Alm*nnSusveanszug i finelua
fianunu 500 waz 700 pm axiinszualWilnanaaide
WisuisuiumadiBondfilanunuvestusalue
v 300 pm agﬂ"l,ﬁi'lLﬁamﬂwmmao%‘uuah@Lﬁmzlu
nazualnihezanasdonanadasiuNuasuues Miao® waz
Gross et al"

2. nyddTuanunuivestuLalne wuind
AMURIVITHILATNG 30 um "LGTﬂi:LLaVLWW'Iﬁ'Iqﬂ
1,489.70 Alm? uazdnnszua Wi ufindn alwanunun
yostuualnaidln 50 waz 70 pm wuindetivanunmn
maa%mmiwm:ﬁﬂﬁm:LL&"LWWWLﬁu%mmﬁaﬁaﬁmﬁ
Nz FILESas ISR 9N seua W9z naaEs
FOAANDINUINKITLUDI Miao®

d3duanisnaaag
nmsUsznaRaLiIiaTe s TasITatwasean e
983udsar8ldsunsy COMSOL Multiphysics WU73N
UszansniwmsuaanszualWilnvesadizaindae:
nswnAnAUAN LY sTwLe InaLA LTI A AN
WipesTwualne wWndeInIWawIUsEENTAIWNNS
vnouesmasisawasean loduesndalasnsyiuana
wwpasTudianInga aastdendsuanunuTuLalna
ilosnniinadedssannnm v Ta s S aIna
annImsUsuenunsntunelua udesnslsAanuns
panuULLTaRSaIWAIaen lrRuauTasdasiniiefisana
WIILTY NITHIANUTOBULRZANUAINBABNITENNIO
Wuan %dﬂa%‘ﬂﬁaﬂﬁinﬁm@iamqmﬂ%&’m‘uaamaﬁ
BaIWA ;ﬁ%‘w%i'\msﬁ‘haaauummmi%al,wﬁaaaﬂ%ﬁ
yoaudeluauddedl snduwuwimenilafitrowamioas
FawaslitUszansawiabedudely

naansIsnlsznie

amzITuvaveugm gudanuduiiaduadiamant
(Centre Excellence in Mathematics) AANNANRAS
UATINNRBYT UAZAEaTNINTE 0. LW TT A Taul g
ﬁaﬁuamgumu’i%’mﬁiﬁﬁwL%ﬁ)qﬁmﬁwa

J Sci Technol MSU

LNAIID19DI

1.

10.

gnnsol inaaifisuiey, afidy nealisulsy,
nouuwid Asins,me §FTautons,mnnd A,
A3y wamzusaanATal. inaluladimasidolnas
pantravaduds nafenlnivaIn1slEwa 9
2¢198U328NTAW. Industrial Technology Review
2543;77:143-8.

aATal LaYa3, nTuL Qoaues. I TaSLTaLNRILSE
MTIVUNWUT. AFINTINRIT UN.2547;18(52): 66-76.
Uszopan INmMund, Auw éuwaaqa, glaaI
asaiifuﬁqa, FAWIE §ITINITINT. MIRAIILLY
fﬁmaaﬁ;amﬂmaal,snaﬁl,%al,waaaan"[snﬁmam%ﬂ@ﬂ
I luadugin. lu: madsruddnnmueiadng
wasnwusUszmelng a5af 3. Tsousulunename.
NIINWY;2550. i 1-7.

anl 4usy, vl iy, 17T0T WYY N3
$1ae9FsdaraaTasdanaseanloduiuuy
Tanzsaaiu. lu: maszgnimmaeiednsianss
3aanaursdssinalng a5efi22. un1inends
TyIAAaT gudiefa. dnumil; 2551, nih 29-35.
Mahcene H,Moussa HB, Bouguettaia H, Bechki D,
Zeroual M.Computational modeling of the transport
and electrochemical phenolmena in solid oxide fuel
cell. Energy Procedia 2011; 6:65-74.

Miao F. Impact on fuel transport efficiency in anode
of planar solid oxide fuel cell. Int J Electro chem Sci
2013;8:11814-22.

Wang C, Huang GPG. Computational analysis of solid
oxide fuel cell with functionally graded electrodes.
In: 49" AIAA Aerospace Science Meeting including
the New Horizons Forum and Aerospace Exposition.
Orlando: Florida; 2011. P.1-10.

QG WINTITLTR, 003y 01NTARTIUN. N1Y
- ¢ o

Aanziniinnejresmaaiaindirinoan loduds

'
P

mﬁ@]mﬁwai‘uﬁaﬁ”ﬂﬁnﬁmumﬂu.ngamw"d: aa
ArimnssnalamsAmniuanaat gwadnol
NWINLNAEY; 2552.

Hildenbrand N, Boikamp BA, Nammensma P, Blank
DHA. Improved cathode/electrolyte in-terface of
SOFC. Solid State lonics 2011; 192:12-5.

Myers D, Carter JD, Ralph J, Cruse T, Kumer R.

Bipolar plate supported solid oxide fuel cell. In: Hy-



Vol 33. No 6, November-December 2014 Effect of Thickness of Anode 545
and Cathode Electrodes on the Efficiency of Solid Oxide Fuel Cell

drogen Fuel Cells and Infrastruc-ture Technologies.
Argonne: America; 2003. P.1-4.

11. Gross MD, Vohs JM,Gorte RJ. An examination
of SOFC anode functional layers based on ceria
in YSZ. Journal of the Electrochemical Society
2007;154(7):B694-9.

12. Ko C, Kerman K, Ramanathan S. Ultra-thin film solid
oxide fuel cells utilizing un-doped nanostructured
zirconia electrolytes. Journal of Power Sources
2012;213:343-9.

13. Unlangd aszdrln. wamaasvaslnadadiwaim
drosnfovitinludiefuuduazlnludrega.
Audasaft 2. nynwy: SdnRanuAsawIaansol
UWIINLIAY; 2553.

14. U lung taszsnin. IWludiafiundluouwids
SrnTIy. AuWeseft 4. NNy SENANNUA
INAINTANRINENAL; 2550.



