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Abstract—One parameter should be fixed in the process of smulating the performance of a unit MCFC (molten car-
bonate fuel cdl). Distributions of temperature, conversions of hydrogen, and cell performance have been obtained in
two different methods: one with a fixed vaue of cdl voltage and the other with a fixed value of current dengity. Results
by both methods have been compared with experimenta data. The method with the fixed vaue of cell voltage resulted

in amore reasonabl e fitting to experimental data.
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INTRODUCTION

Molten carbonate fud cdl (MCFC) has a high efficiency and a
low emission of NO, and SO, and it can be established in asmdler
gace. The MCFC operates at a high temperature, about 650 °C, s0
it is able to accd erate the dectrochemicd reaction without Pt catar
lyst [Appleby and Foulkes, 1989). Furthermore, one of many advar-
teges of MCFC is thet the water-gas shift reaction consuming CO
is occurring in the MCFC. With these advantages, MCFC is gener-
aly consdered as a second-generation fud cdll.

Many parameters are related to eech other in operating and edti-
mating the MCFC. For example, mass and heet trandfer, chemicd
reaction, and dectricd corrdlation are used to edimate the opera-
tion of MCFC. For this reason, many numerica anaysis methods
of MCFC have been studied. Sampath and Sammels[1980] deve-
oped anumerica andysis modd for obtaining distributions of cur-
rent dengty in an isothemad unit fuel cdl. Wolf and Wilemski [1983]
have sudied temperature digributions in a single cdl by applying
asmplified modd of cdl performance. Cao and Masubuchi [1991]
obtained the dynamic characterigtics of temperature in a unit cdll.
Kobayaschi et d. [1988] and Fujimuraet d. [1991] have cdculated
temperature distributions of single cdls and stack by applying mass
trandfersto the chemical reactions occurring in the fud cdll and gp-
plied athin-film cylindrica-pore modd to Sudy the rdation between
current dendty and cdll voltage. Koh et d. [2000] have made agack
mode, predicted the temperature digtribution at a congtant-load op-
eration, and compared with messured datafor a5 kW stack.

In our previous reseerch, the mathematicd andysisfor the MCFC
100 cn? unit cdll, including the effect of water-gas shift reaction, a&
acongtant current dengty (i) was studied [Kim et d., 2002]. Inthe
actud MCFC, as anode and cathode gases react keenly, current den-
Sty changes greatly, S0 it is necessary to sudy digtributions of cur-
rent dengty. Therefore, most mathematicd andys's modds have
been developed a a congant cdl valtage, i.e., assuming a condant
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voltage dl through the cdll [Kim et d., 1995; Ahn et d., 1994; Park
et d., 2002, Lee et d., 2004). Likewisg, it is mathematicaly poss-
ble to devdop the andyss modd ether a a condant current den-
Sty or a acongant cell voltage.

Congdering this point, didributions of temperature, compositions
of oxidant and fud gases, and performances of asingle cdl are ex-
amined both a a constant cdll voltage and a a congtant current den-
sty in this ressarch. For convenience, the caculations made at a
congant cdl voltage are named as method A and those made a a
congant current dendity as method B. Both results by methods A
and B have been compared with each other and dso with experi-
mental data. We have tried to supply basic reasoning for sdlecting
a cdculation method by describing how the caculation results by
the two methods are different from each other.

MATHEMATICAL MODELING

1. System of MCFC

Reectionsinvolved in MCFC are the reduction of oxidant gasin
a cathode dectrode and the oxidation of fuel gasin an anode dec-
trode. The oxidant gas is supplied to the cathode and forms car-
bonateionsasin Eq. (1). Theseions are trangported perpendicularly
toward the anode. In the anode reection, water and carbon dioxide
areformed asin Eq. (2).

(cahode) CO, +%oz +26 . CO )

(enode) @

A dgnificant advantage of a high-temperature fue cdl such as
MCFC isits ahility to utilize CO as afud. The water-ges shift reec-
tion in Eq. (3) reaches equilibrium rapidly at 650 °C to produce H,.

©)

AsH, isconsumed in the anodic reaction of Eg. (2), the reection
is driven to the right to reach an equilibrium state by Eq. (3). Both
H,O and CO, are produced in an equa amount. Because of the shift

H, +CO; - CO, +H,0 +2¢”

CO +H,0 - CO, +H,
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reaction, the utilization of fud in MCFC can exceed the utilization
of H,, based on theinlet concentration of H,. The better utilization
of fud is possible because the shift reaction provides the additiondl
fue, H,, inthe anode gas[Appleby and Foulkes, 1989].

Since the water-gas shift reaction is rgpid in the presence of met-
as such as nickd, the following equilibrium relaionship for this
reection is eedily obtained [Smith and van Ness, 1987; Ahn e d.,
1995].

k= {Pr)(Pco) _ (Xn)(Xea)
* (Puo)(Peo)  (Xu)(Xeo)

K =157.02-04447T+4.2777x107-1.3871x107T° (=2 650°C)(5)

Here, T [K] isthe temperature of the cdl.

Fig. 1(8) and () show the operating principles and a schemetic
diagram of the MCFC. The anode gas (fuel gas) flowsin the x-di-
rection and the cathode gas (oxidant ges) flows in the y-direction.
The gas channds are ignored and the cross-sections of the gas flows
are asumed to be rectangular. The compositions of gases are as-
sumed to be uniform through the z-direction.

The heet generated by the dectrochemicd reection istransferred
to the anode and cathode gases, separate plates, and e ectrode-dec-
trolyte plate by convection and radiation. Heet and mass transfers
in the z-direction are ignored because the thicknesses of the sepa
rate plate, the gas channd and the dectrode-dectrolyte are very thin
compared to the width and the length of asingle cdll. The radiaion
energy absorbed by anode and cathode gasesisignored.

@
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(a) Operating principles

Upper-separate plate

Anode electrode
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Cathode gas flow

(b) Schematic diagram ( the cross flow type )

Fig. 1. The operating principles and the schematic diagram of an
MCFC.
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2. Governing Equations

2-1. MassBdance
The mass baances of anode and cathode gases are asfollows:
For the anode gas;

100X, i, G _
W oox | EOFR T Vsaxay

Here, n, isthe mole flow rate of anode gas [mol/hr], X, the com-
position of k-component in the anode gas, W the width of the cdll
[m], and F the Faraday’s condant, 26.8 A-hr/mal. v.  and vg, are
the goichiometric coefficients of the k-component in the dectro-
chemicd reaction and the water-gas shift reaction, respectively. Gg
[moal/hr] is the moler rate of generation or consumption of hydro-
gen by the water-gas shift reaction in the volume of (AxAyb,). n,
[mol/hr] denotes the totdl anode gas flow rate induding hydrogen
and carbon monoxide. For the calculation of n,, the hydrogen flow
rete, n,,, is calculated firgt by using the utilization of hydrogen, u,
and thetotal current dengty, i.
For the cathode gas, the water-gas shift reaction is not included.

100X, i
L oy VE,kF 0 U]

©)

The equilibrium relationship for the water-gas shift reection is
eadly obtained as in Eq. (4) with partid pressures and composi-
tions of each gas[Smith and van Ness, 1987; Ahnet d., 1995].
2-2. Energy Bdance

The same equations of energy balance sudied previoudy are used
[Kimetd., 1999; Leoetd., 1992].

For the upper separdor;

T, 0T, _

x> oy’
oT,

bc l:a x=0andx=L,dly; X =0

PNe vy iPear 7 yihe
bskS(TS Te)+bsks(TS Tga)+b5ks(Ts Th) (8)

bc.2:a dlxy=0andy=W, IT, =0
oy

Here, the left-hand terms are het transfer by conduction and the
right-hand terms are the radiation heet transfer between the separa:
tor and the eectrode-dectrolyte plate, the convectiona heet trans-
fer between the separator and the anode gas, and the convectiond
heat transfer between the separator and the surrounding of the cell,
respectively. The heet transfer coefficients, h's, were decided by
caculating Nussalt number [McCabe et d., 2001]. A smilar equa:
tion can be written for the lower separator.

The heat of the water gas shift reaction (¢ isinduded in thefal-
lowing energy baance equation for the anode gas.

For the anode gas;

0
&(macpaTga) =hega(Te _Tga) +hsga(Ts _Tga)
+ Z Gai Cpa, kbnga +qS (9)

bc: ax=0,dly; T,=T,

Here, theleft-hand term represents the enthalpy change of gas The
firgt two terms on the right-hand are convectiond energy transfers.
The third term is the enthalpy change of each component gener-
ated or consumed by the reaction. The lagt term is the heet of shift
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reaction. The equation for the cathode gas can be written amilarly
as Eq. (9) without . The hest of reaction for the shift reection, gs
[Jhr] inEq. (9), isasfdlows

0=AHsAG, (10)

Here, AG, [mal/hr] isthe consumption rate of CO hy the shift reec-
tion and AHg [Ymoal], the enthdlpy change of the shift reaction, is
cdculated asafunction of temperature [Smith and van Ness, 1987].

AH=-9,9325-0515T+(3.117x10°) >~ (1.05%x10°9) T (11)
For the dectrode-dectrolyte plate:

0 T 0 Te _ res resc
aXZ ayz b k (T Ts) b k (T TS)

h
¢ - —E_
+ beke(Te TQC) + beke (12)

(T Tga)

bc l:a x=0andx=L,dly; %—T-e =0

be2:a dlxy=0andy=w: 2 =0
oy
The left-hand terms are conductiond heet trandfers. The right-hand
terms are radiationd and convectiond hegt trandfers. The hegt of
electrochemical reaction, o [Jon], is obtained asfollows [Nam et
a., 1992].

qe=i (- S Ve (13
where, AH: [FYmal] is the enthalpy change by the eectrochemica
reection [Smith and van Ness, 1987].

AH-=—57,018-2.738T+(0.474x10°3) T?+(2.637x10°) T (14)

3. Current Density and Cdl Voltage

Reection rates of anode and cathode gases and digtributions of
current dengity are related to each other in the fud cel reections.
Detalled modds of dectrodes, such as the thin film modd [Yuh
and Sdman, 1984] and the agglomerate mode [Kunz and Mur-
phy, 1988; Bogo & d., 1999], have been sudied. The indusion of
such amicro-mode in the macroscopic modd has aso been tried
by Lee et d. [2003]. Sdman [1988] has experimentdly investigated
the detail dectrode reaction characteridtics involving the gas-phase
trangport effect. The macroscopic modd has been used in thisre-
Search.

As mentioned above, the current dengity affected by cel tem-
peratures and dso by partia pressures of reactants can be cdecu-
lated with the other rlevant equations The relationship between
current dengty (i) and cdl voltage (V) iswritten asfallows [Appleby
and Foulkes, 1989].

V=(Vg—Va)-iZ (15

Here, the equilibrium potentids of anode and cathode, V., and V
are derived from the Nerngt equation [Appleby and Foulkes, 1989).

0, RT acX
Va=Vi+Slin DMXH . (1)
Var =V +3TIn(XXE) @17

where V; and V. are sandard potentiads, and X's are compositions

of eech gas.
The effective cdl resistance, Z in Eq. (15), is expressed as fol-
lows.

Z=R,,, +ﬂi-a —”TC (19

Anodic and cathodic overpotentias, 17, and . in Eq. (18), are ob-
tained by multiplying current density (i) with polarization resstances
(Z,and Z).

r]a:iaza:iza (19)
N=iZ=-iZ, (20)

In order to quantify the polarizations at the anode and the cath-
ode, Sdman [1934] reported:

2,=2x0.4567%107(p) ™ (peo) ““(pe) *“exp 24 (21)
2,=7.504x10°"(po) *“(pc) *“exp 2 22

The ohmic cdl resstance, R,y in Eq. (18), is evauated as a func-
tion of temperature [Wolf and Wilemski, 1983]. Subdtituting V
Vv Rime N @0 17, into Eq. (15), the following equation is obtained.
Theloca current dengity can be caculated with Eq. (23) from the
cdl voltage and the gas compositions.

j ECCX (0] ﬂ (23)

VE(VeVo 2F O xoxe. O

4. Analytical Methods of Calculations

In the mathematica andyds, nine parameters such as cdl volt-
age (V), current dengity (i), gas compositions (x|s), temperatures of
dectrode-dectrolyte plate, anode and cathode dectrode, and the
upper and lower separate plates (T), should be set. However, the
number of equations applied to MCFC sysem is eght; these are
Eqgs (6), (7), (8), (9), (12) and (23). Therefore, the degree of freedom
in the sysem is one. In other words, modding of the MCFC unit
cdl can be obtained after fixing one parameter vdue.

One parameter to be fixed can be either cell voltage or current
dengty. In this research, the cdculation with a fixed vaue of cdl
voltage is named method A and that with a fixed vaue of current
dendty isnamed method B. The cdl valtage in method A and the cur-
rent dengty in method B are assumed digtributed uniformly through
thewhole fud cdl.

The cdculaion procedures by method A are as follows Fird,
the current dengity is supposed as a certain vaue, such as 150 mA/
on’. Then the conversion of gases by water-gas shift reaction is cal-
culated and subgtituted to Eq. (4) to obtain the new ges compositions.
These parameters are used in caculaing the anode and the cath-
ode ohmic resstances. Findly, anew current densty is gained by
slving Eq. (23), i.e, the rdaionship between current density and
cdl voltage: This procedure is repested until anew value of current
densty matches with the previous va ue within an error range. Then
distributions of current dengity, temperature, and gas compositions
arecdculaed. Cdculaionsby method B are donein asimilar way.

Dimendons, flow rates, and gas compositions of the unit MCFC
used inthe modding arein Tables1 and 2.

Korean J. Chem. Eng.(Val. 22, No. 2)
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Table 1. Dimensons of the molten carbonate fud cdl used in the

mathematical modeling

Length (L) 10cm
Width (W) 10cm
Thickness
Separator (by) 0.2cm
Gas channel (by) 0.2cm
Anode electrode (be) 0.07cm
Electrolyte plate (ber) 0.1cm
Cathode electrode (b.) 0.06 cm

Table 2. Flow ratesand compostionsof the anode gasand the cath-

odegas at the entrance

Flow rate (mol/hr) Compositions

Anode gas 0.875 H, 0.68
CO, 0.08

CO 0.12

H,O 0.12

Cathode gas 1.050 O, 0.33
CO, 0.67

RESULTS AND DISCUSSIONS

Inthis study, numerica andyses of the MCFC unit cdl were per-
formed a a congant cdl voltage and a a condant current dengty.
The temperaures of gases electrode, dectrode-dectrolyte plate,
and the upper and lower separators, gas compositions, conversons
of gases, and cdll performances cd culated with a fixed vaue of cdll

voltage were compared with those cd culated with a fixed vaue of
current dengty.

1. Modeling Calculations

To show tha the mathematicd modedling is done successully,
caculation results by method A are checked firs. By method A,
digtributions of current dendty were obtained after the cdl voltage
was fixed as 0.93 V. Fig. 2 is the contour and the 3-dimensional
graphs of the current dendty. The average vaue is 94.4 mA/cny.
However, the vaue of current density a the gas entrance is about
216 mA/en?. It is much higher then the average value. This is be-
cause the dectro-chemicd reaction occurs vigoroudy a the gas en-
trance due to the great male fraction of hydrogen (H.). The vaue
of the current dengity decreases dong the direction of gasflow and
that at the gas outlet becomes 36 mA/cn?which is onefifth of the
value a the gasinlet. The current density does not digtribute evenly
through the cell.

Effects of the water gas shift reaction arein Fig. 3. Curvesinthe
graph are conversons of hydrogen only by the water-gas shift reac-
tion dong the direction of gas flow caculated a the constant cdll
voltages such as 0.9, 0.93, 0.99, and 1.05 V, respectively. Here, the
conversion, Xs, is the fraction of hydrogen generated or consumed
by the shift reaction a an arbitrary point in the cell. It has anegetive
vauewhen hydrogen is generated.

Following the equilibrium equation of shift reaction, Eq. (4), the
forward reaction produces hydrogen and carbon dioxide and the
backward reaction produces water and carbon monoxide. The con-
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Fig. 2. The current densty digributions of the unit cdl calculated
at a congtant cdll voltage (0.93V).

verdon of hydrogen & theinlet of anode gesin Fg. 3is0.03. It means
hydrogen is consumed by the weter-gas shift reaction as it enters
the cdl. Additiondly, the shift reectionin Eq. (3) progressesin reverse
to reach an equilibrium dete

The consumption of hydrogen by the water-gas shift reaction
decreases rgpidly dong the direction of gas flow, and hydrogen is
findly generated near the exit. The vaue of hydrogen converson
by the water-gas shift reaction in Eg. (3) changes from a pogtive
vaueto anegative one.

The high current dengty means the dectrochemical reaction pro-
gressss actively and hydrogen is consumed rapidly. Fig. 4 shows
the converson of hydrogen only by the eectrochemica reaction
dong the direction of gas flow at different average cdl voltages.
The concentration of hydrogen is high near the gas entrance. Thus,
much hydrogen is consumed by the eectrochemica reaction and,
as areault, the vaue of current density is high. On the other hand,
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Fig. 3. The conversion of hydrogen only by thewater-gas shift reac-
tion along the direction of the anode gas flow at different
cdl voltages.
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Fig. 4. The converson of hydrogen only by the dectrochemical re-
action along the direction of the anode gasflow at different
cdl voltages.

dong the direction of gas flow, the converson of hydrogen decreases
and the current dengity becomes lower. As expected, the hydrogen
conversons by the eectrochemica reaction are higher at the lower
cdl voltages

2. Comparisons of Temperature Profiles

As mentioned above, the degree of freedom is one in the mode-
ing clculation of afud cdl. It meansthat one parameter vdue should
be set to goecify thefud cdl system.

Fg. 5 showsthe temperature profiles of the eectrode-dectrolyte
plate caculated (8) by the method A--at a congtant cdll voltage of
095V, and (b) by the method B--at a condtant current dengty of
150 mA/cr?, respectively. The temperature distributions, calculated
by method A with a congant cdl voltage, range between 920K
and 924.2 K. On the other hand, the temperature digtributions, cd-
culated by method B with a constant current dengity, range between
920K and 927.8 K. The cdculations done after fixing the vaue of
current dendty gave a sharper temperature gradient epecidly at
the gas exits

Didributions of temperature of the dectrode-dectrolyte plate are
influenced by the heet of dectrochemicd reection, by the heat of
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Fig. 5. Contour graphsof thetemperature digtribution of the dec-
trode-dectrolyte plate calculated by two different methods
(method A) at a congant cdl voltage (V=0.93V); (method
B) at a congtant current density (i=150 mA/cm?).

water-gas shift reaction, and by the flows of anode and cathode gases.
The shift reaction consumes a condderable amount of hydrogen
around the inlet of anode gas. So, under the conditions of this re-
search, the heat of water-gas shift reaction is —150.1 Yo around
the inlet of anode gas, which isanegetive vaue. This heet of water-
gas shift reaction increases gradudly dong the gas flow. After the
center of thefud cdl, the biggest heet of the water-gas shift reaction
becomes 8.2 Jont. Therefore, the fraction of hydrogen in the anode
ges dfects the temperature distributions. Cathode and anode gases
a0 affect the temperature distributions by convectiona hegt loss.
Hence the temperature profile changes dong the direction of anode
gasflow and dso dong the direction of cathode gas flow.

Fig. 6 isthe temperature digtributions of the upper separator cd-
culated (8) by the method A and (b) by the method B, respectively.
The temperature ranges between 917K and 9234 K. Differently
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Fig. 6. Contour graphs of the temperature digribution of the up-
per sparator calculated by two different methods: (meth-
od A) at a congtant cdl voltage (V=0.93V); (method B) at
acongtant current density (i=150 mA/cm?).

from the temperature digtributions of the eectrode-eectrolyte plate,
the shapes of temperature contour lines of the upper separator cd-
culaed by methods A and B are fairly smilar. Because the upper
separator is contacting with the anode gas, its temperature incresses
aong the anode gas flow. The temperature gradient & the gasinlet
is large due to the high fraction of H, in the anode gas and the big
cdl resgtance.
3. Comparisons of Hydrogen Conversions

The conversgons of hydrogen in the anode gas cdculaed by the
two methods have been sudied. Fig. 7 shows changes of the totd
conversion of hydrogen dong the direction of anode gas flow. Fig.
7(a) isthetota conversion of hydrogen caculated at fixed cdl valt-
agesof 0.9,0.95,0.98 and 1.05V and Fg. 7(b) isthat caculated a
fixed current densities of 50, 100, 150 and 200 mA/cn. Here the
total converson of hydrogen is defined as the fraction of hydrogen
consumed or generated by both the dectrochemicd reection and
the shift reaction based on theinitid amount of hydrogen &t the en-
trance.
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Fig. 7. Thetotal conversion of hydrogen along the direction of an-
ode gasflow calculated by two different methods A and B.
(@) at different cdl voltages (b) at different average cur-
rent densties.

Because the current density has been fixed everywhere in the
fud cdl in the case of method B, the amount of converted hydro-
geniscondant everywherein the cdl. So the totd amount of reacted
hydrogen increases linearly asin Fig. 7(b). The dopes of the con-
verson line decrease alittle bit toward the exit. Thisis because the
hift reaction in Eq. (3) proceeds forward and hydrogen is gener-
aed. However, in Hg. 7(3), thetotd converson of hydrogen increases
and reaches alimit value as the conversion of hydrogen decreases
aong the anode gas flow. Thisis rdevant to the digributions of the
current dendty. The vaue of the current density is high around the
gesinlet, but it is getting lower dong the gas flow. Near the gas out-
let, the value of the totd converson of hydrogen changes little as
the current density does.

Thefind tota conversons of hydrogen e the exit (x=L), based
on the initid amount of hydrogen a the entrance are in Figs 8(9)
and (b). Fg. 8(a) is the results caculated a congant cell voltages
of 0.90, 0.93, 0.95 and 1.03V by the method A. As the vaue of
fixed cdl voltage increases, the find tota conversion of hydrogen
decreases. Thisiswhy the vaue of the current density through the
electrode becomes smdler.
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Fig. 8. Thefinal total conversonsof hydrogen at the exit in thean-
ode gas, calculated by two different methods A and B. (a)
At different fixed values of cdl voltage, (b) At different fixed
values of aver age current densty.

Fig. 8(b) isthefind tota converson of hydrogen at the exit, cal-
culated at congtant current densities of 50, 100, 150, 200 mA/cn,
by method B. On the contrary to the results obtained by cdculating
a acongant cdl voltage, the find totd conversion of hydrogenin-
creasss as the current dengity increeses. This is because incressing
the current density means conauming more hydrogen by the dectro-
chemical reection when theamount of entering anode gesis condart.

At asmdl current density such as 50 mA/c?, even though the
consumed hydrogen by the eectrochemica reection is very amdl,
hydrogen is dso consumed by the shift reaction through the whole
cdl. However, as the current dengty increases, the amount of car-
bon monoxide and water, shifted to hydrogen by the reectionin Eq.
(3), increases. In anather words, the generation of hydrogen by the
hift reaction increases. Hence the dope of hydrogen consumption
curve decreases alittle bit at high current dengities.

The decreasing dope of the curve in Fg. 8(@) compared to the
congtant dope of the curve in Fg. 8(b) showsadear difference be-
tween methods A and B.

4. Comparisons of Cdl Performances
Fig. 9 shows changes of current dengity with the cdl volteges

0.20 -
< \
o
< 016 | \M
_é‘ ethod B
(7]
: \
$ 012f Method A 1
t \
(]
5 0.08 .
3} \
o
0.04 . .

0.8 0.9 1.0 11

Average cell voltage [V]

Fig. 9. Comparison of the calculation resultsof -V curveswith the
experimental data [Ahn et al., 1995]. Method A: calcula-
tionsat fixed values of cdl voltage, Method B: calculations
at fixed values of current density.

4 i 'l i 'l 1 Il 'l
0.88 0.92 0.96 1.00 1.04

Average cell voltage [V]

Fig. 10. Comparison of the calculation results of power curveswith
the experimental data[Ahn et al., 1995].

caculated by method A and method B. Again, method A is the
caculation done a a condant current density and method B a a
condant cdl voltage. In method A, the average current dendties
are obtained from the didributions of the current dengty. In meth-
od B, the average cdll voltages are cd culated from the digtributions
of the cdl voltages For a cdl valtage of 0.95V, the average cur-
rent density by method A (cdculation at a congant cel voltage) is
0.14mA/cn?. This vaue is much smdler than the caculated cur-
rent dengty by method B (caculation a a congant cdl voltage).
Since the current dengity digtributes through the fud cdll, the locd
current density changes condderably. Although the current dendity
is very high near the gas entrance, the vaue gets smaller dong the
gas flow direction. For this reason, the average current dengity is
very smdl. Asin Fig. 9, the calculation results by method A fit bet-
ter to the experimentd |-V data

Cdculated vaues of power by methods A and B are compared
with experimenta datain Fig. 10. Cdl performances are obtained
by multiplying voltage, current dengity, and area. Cell performances
cdculaed a a congant cdl voltage by method A gppeared smaler
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compared to those done & a congant current density by method B.
Thisis because of the non-uniform current density digtribution. As
in Fg. 9, the cdculation results by method A fit better to the ex-
perimenta datathan those by method B.

Using the congtant value of current dengty in the caculation by
method B isthe same as assuming a uniform rate of eectrochemi-
cd reection & dl parts of the cdl. In other words, the results by meth-
od A are same as those by method B plus the non-uniformity by
the non-uniform eectrochemicd reaction. Hence, it seems that the
cdculaion results by method A could get closer to the experimen-
ta resultsthan those by method B. From the above results, it might
be concluded that method A, i.e. the caculation done fter fixing a
cdl voltage, isabetter method for the smulation of MCFC.

CONCLUSIONS

A numerica mode has been developed to smulae the perfor-
mance of a unit MCFC. One parameter should be fixed in the pro-
cess of obtaining results. With one fixed vaue of odl voltege (meth-
od A), didributions of current dengity and temperature, converson
of hydrogen, and cdl performance were obtained. They were aso
obtained with one fixed value of current density (method B).

By method A, where the cdll valtage is fixed, the current dengty
is high near the entrance and it gets low dong the direction of ges
flow. Hydrogen is consumed near the gas entrance and generated
near the gas exit by the water gas shift reaction. Since current den-
Sty isaffected by the fraction of hydrogen, water gas shift reaction
contributed to a norruniform digtribution of current density.

For the temperature digtributions of the dectrode-dectrolyte plate
obtained by both methods, the cd culiations done &fter fixing the value
of current dengty gave a sharper temperature gradient especidly a
the gas exits. However, the temperature digtributions of separators
obtained by both methods were smilar. Cdculations with a fixed
vaue of voltage (method A) gave a dightly lower and more uni-
form temperature digtribution in the separators.

By method B, where the current dengity is fixed, the amount of
reacted hydrogen is congtant and the overdl hydrogen converson
increases linearly. However, by method A where the voltage isfixed,
the converson of hydrogen near the entrance is high. The norn-uni-
form digtribution of current dengity by method A resulted in lower
vaues of cdl performance than those caculated by the method B.
Cdculated vaues of cdl performance by method A fit better to the
experimentd data. In condusion, mathematica moddling done efter
fixing the vdue of cdl valtage (method A) turns out as a better meth-
od then thet done after fixing thevalue of current dendity (method B).
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NOMENCLATURE

b :thickness[m]
March, 2005

C, : hest capecity

F :Faraday’scongant, 26.8 A -hr/mol

G :moesof gas generated and consumed per unit width [mol/
cm]

: heat transfer coefficient [cal/m?-s-K]

: enthal py change by the reaction [Jmol]

: current density [A/m7]

: thermal conductivity [cal/m-s-K]

: equilibrium constant

: length of the cell [m]

: mass of the gas

: partia pressure [torr]

: heat of reaction

: gas congtant

: molar flow rate of gas[mol/s]

: ohmic cdl resistance

: cell temperature [K]

: X-, y-direction[m]

: molar fraction

: effective cell resistance

:voltage[V]

: width of the cell [m]

> =
T

S 0L T3 XX ™

x H
Q
< 3

S <N X

Greek Letters
n  :overpotentia [V]
% : stoichiometric coefficient in the reaction

Super script
O :sandardvaue

Subscripts

: anode

: surroundings

: cathode

: CO,

: electrode-electrolyte
: electro-chemical reaction
:gas

- hydrogen

: i-th component

: Nernst equation

: oxygen

: radiaion

: shift-reaction

. separator

: water
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