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Abstract—A mathematical model is proposed to simulate the current density and the temperature distribu-
tion of molten carbonate unit fuel cell. In this model, conversion of gases, heat transfer by conduction, convec-
tion, and radiation, and heat generation by reaction were considered for the cross and the parallel flow
type fuel cell. Additionally, the effects of the gas flow rate and the ratio of the flow rate of the cathode
gas to that of the anode gas were studied. It was seen that the current density distribution was affected
by the anode gas, while the temperature distribution by the cathode gas. It was also found that, in order
to get an uniform temperature distribution, the ratio of the flow rate of the cathode gas to that of the anode
2as should be around 0.25.

1. M 2 A7), ol4t ABAA], St A, DA AT
A AR 5o o] Fez e WAL o] Fe] g}

[

fal $54¢9 HAeg AgEHSIke Zo] REFH
Ha] Aol A7) A g duAAe b A=

o] & Al 24 dAg Az REE S5 d8AA
(Molten Carbonate Fuel Cell : MCFCO)+ AH4-5l&= o



ggaad B9 QRUA Wel duXst BASAe) g% LRPES dAs LAwse) 9% 831

B} Aw, diw), datsietd So 2 oofsta, 12zt
8o Fupw Zolg AHEER] 4k & uA
&S 98 F 9oy AR EE fEdivks A
5ol dFe] B3] o]Fo)z| L glrk

£-gebaled o9 d8ARE STt A Eel,
Adsrks #2, 33T, A A, FFHF, AsA
72 K2, 70} HE Beue g FAE] 9ok
FF7kae A 2 ALSET Ak} o] 4bsviAv) &
Abo] &g AAJc) o] whibe]22 AHAS F3 &
Fo.z i i) SF7tAe QEIIAE AMHY
#Aaks]o] 2 ghibo) 2ol ) Art Abstaled o)Akt
g9t B8 YA} o7]|H d87pAe) AbsA] 7pA o)
A% & 2u)skol) abe} 3 g F-(parallel flow), 3F(coun-
ter flow), A A (cross flow) 3e)2] A=A 2 BFH3c}

dgdz Wl H7|Ee uhg-3 dsAg W
ol ZolE, AT W ARjolFol wE Al oA F
go] Azt 234 A=A e i Er} B U3
Hu AF-As A b9 EFdd Ar|sehibg, o
43, Al A Fu, A5 FA] Fo] WAt H=]2
Qo) F43] st o) weia duHAS 4
53 WFAE TR ddMe BFdd ddEE A
Aslod x| Rl 7153 & FAI} SERE} {3
oo} Ftr} FUZY 2 FIE A7) 7 ¥ o
gog wx "z e 2EEEr} dojo} s 1
LEEFo) G F= A} AFE Ao} g} B
APl 4 pdgor AT 22 E
471 & BEAFA 9 AR wE A e
4 EAe] A=At

L5kl Ag AR o gt A= g4k A7) sEt
uhgof) B3 AR B dyAeA, oFA A4S, 2
glz AAR scale-upel} H3Fol tigh oA A0l
HE A7 5o2 Y 4 Q) Scale-upe|t HEA]
Qe Az W 7z BEo] Aol 2= Qldte] H7| 3
ghuk-gol] 9§ whgdel xpolrp AAA A o =
RAFUEe} FHL2E| Aoz} Al 1gjnZ o
BEAA W EEEE i TR AR AR 9

$= 528 M E Al F 227t AR
AR 2 A7)7} ARAFE o] qt AHgHE-o] AejE o] ok
L33

o] HMofl A7 A5HA| W LEEE NI T
BAE A# B A Eisenberg® Baker[1], Gidaspow<}
Baker[2] 52 HAF gl A vel A H7)ststgt
ol 2% wd ) Aol o7y, FFol o3 e
22 n3le &9 chd AR o] I} 2 EELE I
%, o] A7E 7122 slo] durlne} A4 7h2e
dFst 33 Al A% 5& Leldtd AdRA-A W 2

=2 ¥ 5 o1t Wolfs} Wilemskil 3]+ ARl
A AFHEE FEe} LR ¥ st dpsidct of
o Ad7& 7129 2do uhgel 93 spasne
Fejia 7lole) dGS 1Y 2EFEE IF
stdch A7k Ho|uk-g-3) vivke] ub-&& A8k
ARE-7] A 9] o 2k =) g o F-@sicha s3]
3L 923k, 1atmellA] ] & A3l A 4bstsich Ko-
bayashi 5-& A A=A ohaf =] seal¥-2} 7}
B39 HZol o7 AL, A7]|33H-E, 7hAe) 5 F
5& 283 34 nd-g Agtsle] )4 Ao} 24
ARE vl HEsIGon[4], 231 F 12702 FAR
HZAA o s opgdt 7b 5 Feo A AR o
uietal g sl o] Relwolde] dAYS st A
A 2] HZA| Ay Lxistd] g s md-g At
ste] a4 dFe} 23 ARE vx FESHADHS]
Cao%} Masubuchi[6]+ AR K317} Gl 3HA] Azl
Al7ke) g 7b BB 2o did A4 Ay
A% fdte dadA W LE¥EE Feldth

2 AT e #R)7) S&olatn 713 E o AF
Urof wE AU o] Wl o x|
A3 E dFsieoh 1ela v)5R HAY 9o A
%] el W, A, g F, SAL Tk d&A, A4
£EY 58 aesle] ARUEYEe 2y s 73
¥, 7he) fepdste) w9 7|5 ekA P} &
xRFo} Aol ofw g u|HerkE P [} A
2l el dT-sksdch

2. B2AFX % olLX|FX]
2-1. BEENIY o9 HEHA

Aig
sl AR AA o) BF AeE ot 2o,
Aol Bolsht Hsh FAZE HE AL Bt

(CO%) o)z}
(=) C02+—21—02+2e‘ — CO2” (1)
43) Hy+COs# — CO,+H,0+2e” (2)

ol A wEo)A CO# &+ e F3ld &3%
o2 gl AgEe] F3uhgo] Tyl

Favbael ARyl Wr|5he ub-gol wel LA e
AF Aol t}&3) 3-8 Faradayy X o] stst ok
Ae] A&t

i= -nF( ddi” >:nF¢Hﬂ( (L);”) 3)

HWAHAK KONGHAK Vol. 32, No. 6, December, 1994



832 ¥ GG - FA -GS 2% - YNE - FYL

by seperate plate

elect -
rode-electrolyte I—cathode gas

flow

B seperate plate

A7
. X

y

Fig. 1. Schematic diagram of the fuel cell used in the nu-
merical analysis.
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Table 1. Thermal conductivities of gases and parts of the
fuel cell used in the numerical analysis(k[J/cm
hr k] at 923 k)

Parts of the fuel cell[3]

separate plate(stainless steel) (ko) 792
anode electrode(Ni) (Kea) 2808
cathode electrode(NiQ) ko) 32
electrolyte plate(LiAlQ,) (Kem) 72
Gases[12]
H. (k) 15.1
CO, (ke) 2.0
H,0 (kw) 2.3
0, (ko) 24
air (ka) 1.7

Table 2. Heat capacities of gases as a function of temper-
ature used in the numerical analysis[12]: C,
[J/gmel k]=(a+bT)R

Gas a b

H, 3.249 0.422x1073
CO; 5427 1.045%x1072
H:0 3470 1.450%x1072
0, 3.639 0.506 X103
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Table 3. Dimensions of parts of the fuel cell used in the
numerical analysis

Length (L) 10 cm

Width (W) 10 cm

Thickness :
separate plate (by) 02 cm
gas channel (by) 0.2 cm
anode electrode  (b,) 0.07 cm
electrolyte plate  (bey) 0.1 cm
cathode electrode (b,.) 0.06 cm

Table 4. Flow rates and compositions of anode and cath-

ode gases

Flow rates(¢, cm*hr) Compositions

anocle gas 24000 H, 0.669
CO, 0.088

CO 0106

H,0 0.137

cathode gas 24000 0O, 0.33
CO, 067
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Fig. 2. Changes of the conversion of gases with the av-
erage current density in the cross and the parallel
flow type fuel cell at the fixed temperature 923
k.
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Fig. 3. Changes of the average voltage with the average
current density in the cross and the parallel flow
type fuel cell at the fixed temperature 923 k.
---, theoretical calculation for the parallel flow; —
theoretical calculation for the cross flow; o, exper-
imental data for the cross flow[13].
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Fig. 5. Current density distributions in the cross flow type
fuel cell at the reference conditions.
(a) 3-dimensional graph (b) contour graph(opera-
ting voltage=0.92 V).
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Fig. 6. 3-Dimensional graphs of the temperature distribu-
tion of each part in the cross flow type fuel cell
at the reference conditions.

(a) in the anode gas (b) in the electrode-electrolyte
(¢) in the cathode gas.
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Fig. 7. Contour graphs of temperature distribution of each
part in the cross flow type fuel cell at the reference
conditions.

(a) in the anode gas (b) in the electrode-electrolyte
(c) in the cathode gas.
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Fig. 11. Changes of the average temperature of each part
with the gas flow rate in the cross and the parallel
flow type fuel cell.
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Table 5. Reference operating conditions of the fuel cell

Entering gas temperature (T)) 810 k

Surrounding temperature (T:) 923 k

Pressure ®) 1 atm

Operating voltage \% 092 V

Standard anode voltage (V.)  —0.828 V(vs. NHE)
Standard cathode voltage (V.)  0.401 V(vs. NHE)
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Table 6. Changes of the conversion and the reacted amount
of hydrogen with the ratio of the flow rate of
gas to the reference value of Table 4 in the cross
flow type fuel cell

O/, ref. 2 3 4 5

Conversion of H; 049 027 018 013 011

Absolute amount 7900 8540 8580 8520 8450
of reacted H:

(cm®/hr)

Avg. current 1514 1638 1645 1634 162.1
density(mA/cm?)

Ratio* w.r.t. 100 108 109 108 1.07

reference value
*: ratio of absolute amount of reacted H, and average
current density.
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Fig. 13. Changes of the average temperature of each part
with the ratio of the flow rate of cathode gas to
that of the reference conditions in the cross and
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Table 7. Changes of avg. temperature, avg. current density
and power with the operating voltage

Operating voltage(V)

0.89 0.92 0.95
Avg. current 167 151 136
density(mA/cm?)
Avg. temperature(k) 926.4 924.5 923.8
Power(W) 149 139 13.0
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; cross-sectional area of the fuel cell [cm?]

: thickness [cm]

: heat capacity [J/gmol-k]

: open-circuit voltage [V]

: Faraday’s constant, 96501 C/equiv. [26.8 A-hr
/mol]

: mole of generation and consumption per umit
width {gmol/cm]

: heat transfer coefficient [J/cm?-hr-k]

- molar enthalpy [J/mol]

: anodic current density, (>0) [mA/cm?]

: cathodic current density, (<0) [mA/cm?]

: dimensionless current density [i/ims]
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:thermal conductivity [J/cm-hr k]

:length of the fuel cell [cm]

:molar flow rate [gmol/hr]

: number of electrons transferred

: pressure [atm]

: heat generation per unit cell area [J/cm?]

: gas constant, 82.06 cm’-atm/gmole-k [8.314 ]
/gmol-k]

: ohmic cell resistance [€2]

: molar entropy [J/mol-k]

: temperature (k]

: cell operating potential [V]

: equilibrium potential at the anode in Eq. (19)
(V]

: equilibrium potential at the cathode in Eq. (20)
[V]

: standard anode potential [V]

: standard cathode potential [V]

: width of the fuel cell [cm]

: mole fraction of the gas component i

: distance in the direction of anode gas [cm]

: distance in the flow direction of cathode gas
(cm]

: effective cell resistance [2-cm?]

agjola X}

: dimensionless distance [x/L]

: anodic overpotential (<0) [V]
: cathodic overpotential (>0) [V]
: dimensionless distance (y/W)

: conversion of hydrogen

: conversion of carbon dioxide
:total flow rate of gas [cm’/hr]

MK}

: value at the entrance

MK}

: anode

C
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11

12.

13.

Lo
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: cathode

: electrode-electrolyte

: anode gas

: cathode gas

: hydrogen

: arbitrary component

: oxygen

:value at reference conditions
: separate plate

: water
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