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Simulation Study of the Phosphoric Acid Fuel Cell Stack
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ABSTRACT : The fuel cell has been continuously studied as environment-compatible alternative energy
technology. Lately the basic techniques about stacking and widening are considered to be important for
practical use. Although phosphoric acid fuel cell (PAFC) is the most progressed one in the fuel cell
technologies, few studies about temperature profile of the stack which can be the basic data for the fuel
cell design have been reported yet. In this study, the temperature profile of PAFC stack was simulated.
The temperature profiles of stack were obtained at various opérating conditions, and when stack is
operated the proper position to measure the temperature could be predicted. Also we can propose more
effective cooling design. The standard deviation of the temperature profile of the proposed design was is
about 50% smaller.
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Fig. 1. Operational principle of the fuel cell.

QuY ArAAE L7} FA @ we
27 Frbeled WA A% 232 2o WA
B¥e PRI e RE WTHES £44]
77 gt @ B LxdA AFAE 2o T,
A7) Yo LE BEE HES sl Aol A
52 92 4 Aok ady ANy dzaxe A
A9 54 2 A3 WA BEel A Y ex

7b 180~200C<] HS WA &AFaorste A okol
gec.

HZole 2eo] A7)7F AR whe} 28 e
BXE Td3A &7 fal 2"oA dAste
AAsE Aol FastA HUG owd, ==
717k ARl wa 484 B8 A golE
BoEd ARHEH - AAA oeigo] wEA =HA
53] 2dg R 22X EXE Hd¥FHos 7§

o M

£ o o
u



HA35

ats

245

oy
k-]
op

Oe e BYHoE A9 #rb5® dolth Hepy
AYe RIY 5 b WFoT WV} AT
T ok

AUEAE Fohol ARAA 299 H5g
S

T

5!
& =% Aetok B, oI5 E HEE mIEws
2 Hojrl WEel olgA Aol o

A ok A M BAASEE £ sl

oo > g o oot

=

B azdAE AMEAE ok de 2
AN zde] L& PEE Yohfglen], 2

w ok o O
B o PN

21. ZAMS

 dpdAs 3l AxA A, 4898 &
10 kWF PAFC2H1S TA} ulatoz Agich 29
2 18709 AR} )9 Yade g AU
Hatdo| Wzide] Aen 1 A9 @A 6
oich Yz e LejEe 4oz HoUUHT

WA e Wzhgro] $E8E o83k boiling-
water WJzhg2lo|n, WYzighe 3/8" FHOZ serpentine
typec| I tHFig. 2). ¥t 7129 B2 = Z-type ﬂowol
AchFig. 34). 28] Yz @ dgE 53
HE=2 FFIHEE BEAL A"l EFA7]A %‘
A} 2ele) X459} i 2792 Table 16 UeRiATH

2Al AHE BEUEZ AZe ¥F f2d di%
gridg wHEo] BALE 3 M gIthFig. 5).
AA HAFFHNE ZAG A2HE A A2 W
FEE ARG AL A|2"HE Bg} Rk o
o BE 288 Al2"S oA B 2otk

N

l |

\L outlet inlet 1\

Fig. 2. Calculation grid of cooling channel.

b g outlet

Fig. 4. Calculation grid of cathode channel.
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Fig. 5. Calculation grid of modified cooling channel.

Table 1. Principle Analysis Conditions
Power(kW) 6.5 9 11
Anode : H; 100 wt%

T8 | Cathode : O; 213 wi% N2
composition 787 wit
Inlet gas Anode : 41315
temperature(K) | Cathode : 393.15
Anode gas(H,)
flow rate(L/min) 150 200 200
Cathode gas(Air) 300 400 450

flow rate(L/min)

Inlet cooling-water 43765 | 43265 | 41855

temperature(K)

Cell area(cm) 65 X 65
Active area(cm) 60 x 60
Gas inlet area(cm) 1.36 x 0.15
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Table 2. Comparison between Experimental Data
and Simulation Data

Stack I Temperature (K) Voltage (V)
W) | Experiment | Simulation | Bperiment | Simulation
65 w59 | w55 | 0w | oo
9 539 | w89 | 06w | 0%
1 927 | %47 | o0e® | 06w
475002
4.70¢+02
L 4.64¢002

T 058002

Fig. 6. Temperature profile

of stack A (6.5 kW).
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Fig. 7. Temperature profile of stack A (9 kW).
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Fig 8. Temperature profile of stack A (11 kW).

Fig. 9. Temperature profile of stack A (11 kW, no
cooling).
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Table 3. Standard Deviation of Temperature at
Bottom Matrix

Stack A Stack B
Stack

Power Average Standard Average Standard
(kW) ) 8% | deviation ®) 8¢ | deviation

K X)

6.5 452.7 11.6 4547 6.00

9 457 .4 131 468.6 6.76

11 4575 131 458.1 6.09
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Fig. 10. Temperature profile of cooling channel
(stack A, 11 kW). Fig. 13. Temperature profile of stack B (9 kW).
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Fig. 11. Temperature profile of channel (stack B,

11 kW).

4. 7503 -
a8
4.70¢+02
)
0 a64ce02
) =
4.59c002
=
453002 =
ﬁusvoa ‘ﬁ
iy
;';'?‘43&‘03
‘.37&-03
= 4.31ee02 01
4.36c+02 %
4.20¢402 %_ Z_"‘E_
Fig. 12. Temperature profile of stack B (6.5 kW). F AAE ALY F AU

HEI|z MTA H4=



20 Ay d8AA 299 AURA

2. NEE ¥4 /28 A 7IEd ZX
Hislel gdE L BEXE AUTh HOE2:E

o wAT x| HA} oF 50% Fol=

2735 JehiAoh ole 2" W74 2

HPFE 7dE 5 S Yo

3. AARAGE VHE AR FLME T
7] FE FAHE AYEEAEA Y o)t E 73
o B2 geometryE 717 Al2xdle] o3y
AZAE AAste] A4 48 v A4
43 ARE AFY YA

mbl- or rfr

do Mo

AFE 200095 FH= 2044 AE)
i_ﬂ xl% gtol o] FolFFUTH
A7l

Nomenclature

: local voltage
: standard reversible potential
4H : change in enthalpy
1 : current
dm  : change in mass
4V : change in voltage

T  : temperature
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