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ABSTRACT

In this study, a computer modeling work has been performed for the power generation system using
polymer electrolyte fuel cell with Aspen Plus general purpose chemical process simulator. Stoichiometric
reactor module was used for the modeling of reformer for the production of hydrogen. For the modeling
of the electrochemical reaction, Gibbs reactor module built-in Aspen Plus was utilized. SRK equation of
state model was selected for the proper simulation of the overall fuel cell system.

KEY WORDS : Polymer electrolyte fuel cell(aili=x As|2d3d o7 Hdx),
Computer simulation(Z14F A}
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Fig. 1 A schematic diagram for overall ruell system
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Fig. 2 Electrochemical reaction occurred in fuel cell stack
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Table 1 Heat and mass balance of fuel cell stack
ANODE-IN | ANODE-OUT | CATH-IN | CATH-OUT

38 0.0704956|  0.0176238 - -
L0 0.0208904|  0.0201027| 0.017009| 0.017009
CH, 0.0008087|  0.0008087 - -
Cco 5.27x10™° 5.27x10™° - -
CO, 0.00183192|  0.0183192 - -
O 2.63x107° 2.65x10°| 0.074079| 0.074079
No 0.0009944|  0.0010009| 0.278677| 0.278677
CoHs 0.0008121 8.12x10™ - -
CsHs 1.22x107° 1.22x10°° - -
iCaHio 3.27x10° 3.27x10°° - -
nCsHio 3.45x107° 3.45x107° - -
iCeHu 5.45x107 5.45x107 - -
Flow 0.1123477|  0.0586948|0.3697641| 0.3969811
(Kmol/h)
Temp(C) 60.0 620 49.0 62
(h\%}:gt‘l)p} -3407.650|  -3484.299|-1070.022| -4624.490
kW7t HE5 545 E the9 Table 13 Zo]
Sl
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Table 2 Heat and mass balance of fuel cell reformer

H0 LNG REACT PROD

H, |0.0574 - 0.0574 0.0446830
HO - - - 0.0418597
CH, _ 0.01279411 0.01279411 0.0006858
Oy _ o.mzseg o.mzssg 6.8)?175_55
Cill _ o.oowég o.oomg?1 1.03133_5
(CHo _ 0.005182 o.ooos&g 2. 7)3%59
CiHo _ o.oooggzz1 o.ooogég 2. gffg_gs
(CoH _ o.oowég o.ooogg;,z1 4.651753_27
O - - - 0.0155403

COy - - - -
x| - : e

()2 - - - -
(KFI;%‘{’A]) 0.0574 0.1439 0.2013 0.1029
Temp (C)| 25.0 650.0 650.0 750.0
selective oxidizerel A zl#e] HAch FEH ¥-$
7] &7 weo] WgANES I nAAAN G
=0 ]

=7
o

S 3|43kal o] & shift reactorol] TH3] 4=
%

st oot B RSl fatel (o, ® =
ghg-o] dojdth g H3ES ol 37.5%7}
00, = A== Zﬂf’—i ZFghe) shift reactor
oA wkgo ool A (15)¢] vehhich
2] (15)¢] ¥kg-2 Fig. 44 REFORM2 4F8-7]¢] A
o] Fol Xt}

CO+H ;0~H++CO, (15)

3.4 Selective Oxidizero] 2d

co= =899 A= Fuje A v =8t
(0, % MEshe Aol ARt o] VI5E %m
= WES717F  selective  oxidizero]th.  shift
reactorol M= 75715 o188 A ool o,
= AT 2y gkl 375%0 = 3tat

464

B2 cos A%A717] 918te] selective Oxidizer
 ARgate] EAhe o0l 9%E  (p,= A
U e ABES oo WTH (o, = A
e Ao st W F9 o) TEE
oF A3ppm(= 715) Aot} selective oxidizerol]
A o] Foj = W2 oo 4] (16)9] YERAS
o},
CO+ 0,-C0, (16)
35 Hyol zud
Y N FAE ARE BEE FANS
oltk. meba] W ARl A4S oA A F
ofof git}, 2T whgo] dojur] 93t e
BUel A A7tAE ddtel Wad weand
S R ATk MYdlM = 7 ©sfrae] A
oy wks AskEL 100%%2 7HE3EIch By
o A o] Fol A& AANRSL olge] 4] (17)0]A4]
A (22)AF) ol ERASIT
CH,+20,—C0,+2H,0 a7
C2H6—I-12 05200, +3H,0 (18)
C3Hg+50,—3C045+4H,0 (19)
; Rsl (20)
ZC4H10+ 2 02‘>4C02+5H20
13 21)
nC4H10+ 2 02*>4C02+5H20
1ICeH -I-JQ 0,—6C0,+7TH,0 (22)
644 14 2 2 2 2

36 Jk5719] 2&g

ko] Membrane?| A5 A 3=

A dasjd o

& H19& M55 2008 10&



w7] $135}e] cathode$} anodeoll X 44 S0+
stream< 7h5ske] Ltz Hald 3§ A5dA]
F 3l o 7)o A anodeZ 2] stream 2] E ]
A FaE AE] Yste] SR G A T
715 el F7] vl Sd] vhssel € 4
B2 AsdAZ FY=A Ak 2949 cathode
Z2 o] 7145715 AR 3oF s=dl cathode?]
7hEE o 7M1 ] ThETE BARSEA T

Case 1: HUXE &3 7l
Case 1& HUXZE £3 7159 <]
T7t SEHE4E heat duty7h 254 7HAg) o]

v 2He & FsoR Qg 29 2579 e]
FEstA Hol 7hE 87 o B o] BolA
A Eo] Ao g Ao L7} A5t B
ZFdsfor & =9 frFo] WolAA HERE 19
w2 o] ol Bt Hol MA| Aoz dof
A= oA ks 3718 sk @l Bol
wjol7] Al E|m 2 AoJX| = heat dutys HAsE
Ao g yeldth & 229 wE 28 powere
T Abole floy 24 fHaske A & T o
o} 2H %Eoﬂ e g

ol 2] Table 32
=9 4% 715719 hea
g&o YERATH
Case 2! HumidifierE £3% 7<%
Case 29 7%+ 29 coolerol A FAEH= &
%]:a waterZ coolingd}e] 1 & 7}s5ol| AFE3)H
= AfolH, dA e Eo] V& Thaehe

A% omi Hvlo) ver £ 37 gow

(—r
o,
=
<
e,

Table 3 The effect of stack temperature change on the
humidification of HUX

25(C) 62 70 80
755 B9 %Fkmolh)| 17.01 20.47 24.18
Heat duty (Watt) 3,780 3,762 3,739
AabElE A (Watt) 2,108 2,096 2,082
TS A (Watt) 1,672 1,665 1,656
2 FE (%) 55.76 55.73 55.70
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Table 4 The effect of stack temperature change on
humidification of Humidifier

L5(T) 62 70 80
7VEEE B9 FHkmolh)| 17.04 20.45 24.20
Heat duty (Watt) 3,735 3,713 3,681
AakEl= A (Watt) 2,083 2,069 2,051
HAAEE G (Watt) 1,652 1,644 1,631
28 g8 (%) 55.76 55.73 55.70
Cooling water=F (mole/hr) |  16.06 15.73 15.26
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Table 5 The effect of stack temperature change on
humidification of Saturator
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2B ek Power Heat 9 93} okEn o] &l A 2 ukeA] Pod gk
(OC) (OC) (Watt) (Watt) _j_ ]j.]‘;;] ;LEL?L{/]E_H:jgfiei ;]j):h;_ B} ; E'O
62 46 2,189 1,737 = = ° o HOET ST RS, e
o 5% 2,248 1783 HAA A o] Fof 2= 7|8 8Hkg-o 4] o] &4]l
o = 48 o0 F&2 ukgo W Gibbs AHfroll A W3S ukg-
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70 46 2,081 1,653 9 5RO 5% A on Unx dare o
0 50 2.087 1,658 2H 358t sl L3 shift reactor B2
70 ®0 2104 Lo7 oA E dashdas 5719 AEAA e
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