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Abstract: A PEMFC(proton exchange membrane fuel cell) is a good candidate for residential power generation
to be coped with the shortage of fossil fuel and green house gas emission. The attractive benefit of the
PEMFC is to produce electric power as well as hot water for home usage. The thermal management of
PEMFC for RPG is to utilize the heat of PEMFC so that the PEMFC can be operated at its optimal
efficiency. In this study, thermal management system of PEMFC stack is modeled to understand the dynamic
response during load change. The thermal management system of PEMFC for RPGFC is composed of two
cooling circuits, one for controling the fuel cell temperature and the other for heating up the water for home
usage. The different operating strategy is applied for each cooling circuit considering the duty of those two
circuits. Even though the capacity of PEMFC system (1kW) is enough to supply hot domestic water for
residence, heat-up of reservior takes some hours. Therefore, in this study, time schedule of the simulation
reflects the heat-up process. Dynamic responses and operating strategies of the PEMFC system are
investigated during load changes.

- 71249 - hooc R DA A% (Winds)
a A B EUEF I ARFUE (Alem’)
A WA (emd) mo: A% HH(kgs)
¢ &I (mole/em’) N b2 B % (molefom’s)
D : FAAF (em’s) p : EHZAO (m) T A (atm)
F : Faraday <= (C/mole) P :Z9 W)
Agj: EZAE Gibb's A olH A (J/ mole) Ap : ¥E A (kPa)
+ Corresponding Author. kyahn@kimm.re kr R D7 A (J/molK)




20 G4 - o9 -

t A (m)

T 2% (K)

vV o AY (V)

X ooEwE

=1 ES VN

§ : - Aol A ¢l Nafion® F7 (cm)

n: 7= E2 (V)

Kk A7]HE% (mho/cm)

AT SRR

v FEAT

ESPNS

act Rl e !

A : AES

c . W2

C =y

cond : 7]

eff & EAA

FC : d57A

g 4 e

grill L 19

H . ‘/‘F‘ﬁ\_

in Ag AT

mem : 9

N i E

0 cAd E=T

ON : 3715 A4 i

0, R

rad n-d

w 571

1. M &

H ookt AFAA okl Al WA wjld 2 o]
Abstebas vzl sk g A, vl JS s
oA o] 1z T2 FAY Al QoA A
AAZE F3E FAskL Qlown o]d FEAoR
Ash7] 98l dR=s FACE N2 sHd W
= R NS AFEL ok AsdA e edEd
L AE wiEo] 71E W]l vlsl - Al A8
o] syt 7hseb aas el sl olikstet

=2

=
v
e
A
g
il
A
=)
2 Hd
e
J[m
ol
N
4
ftlo
e
=
x2,

tpeFeAl EREM, 15 o] 2ugkt A8 77| (Proton
Exchanger Membrane Fuel Cell, ©]3} PEMFC):= A<
2hgo] 7hssh, AZto] HAsEAL, Als AlZte] #o
™, g&o] $ste], A AFgom A8atr] 9l
ghibgl A7 JdFolck H7|se-3-7]1Q1 PEMFC
oA LT S Al AR A, da
5 st A G 71 wieell, o]213k PEMFCE=

o
=

=25 S I
PEMFC+= s wo] A-ds 25 FAAAH
Al G Ado A= i wES e E
afjol gk Ass Q7] wliel, Bt
]9 Fosh, & 9 dags AR JdsHa oy
3 Z/daeE gy os 3sy] 9= BOP
o] HA A =L HA | wiol] Al

eF yol el o] Has?

F ol 748 AuAR ] S A9t FHEHL
7= SAIRE o} Al AlEo] EAIEA] 2 A3
o]7] witell, AZAFEC] ApAR] Al digh A9
Hoshal A 24 A RS S8 ARE I3RS
2L Q7] wiiEell Zb GAelA kel Al gl
ARE LA 377} ol afe® EFelar
Alz=elle]] tigt A= T2 &4 FofllA] wol 48y
I e, 7HEE AEZA Alz=Ele] tigk AlE A
TR, Konig 52 A84A Al & ¥ Al=ES
T5 9 sk RS FAdste] AlEl mge] oish
ATE 61 0m Selamogullari 5-& M= 5ol
7148 PEMFCE AdA|stal %gk Axjol] sl xargh
Hb Qok? W Sharkh 5% Uzunoglu 5] 749-%= 714
8 8oz Hg 7Fsst Ayl digh TEA4S
BARE 4= Q)= AlE RES Jsial AlE] Sl
el RarslgieEeo

7138 ARAA] A|2=Hle] Hg- Akl HlE) 54
ZAsol digk 39 F%7F =2a, 7)s AA Sl
2peggol wjal] ANl AR} & wWd] Als, A
2 4, A Fo= s F = Ao] ofr] Wi
o hte] LHREAA T FHEER ¥l A] 7]
EAS olafslr] eirE B4 mES AAshs Zlo
freleich 7] Jidk A Alzglel] ois) olzgh &
HEZ sl dRas &8siM Adske A

fo

-

o N, o oot ¥O

=

AN
=l o

o

—



4% ARAA Azd due 3

o

Blower
Reformer

) Humidifier ‘

Cooling
Fuel Cell Pump
Stack

CHy

Cooling Water Fuel
Pump Heat Exchanger Reservoir Supplier

Fig. 1 Schematic diagram of residential PEMFC system
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Fig. 2 Control volume analysis of fuel cell stack
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Fig. 7 Integration of the lumped transient fuel cell stack
model with the thermal management system
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Table 1 Specification of FC stack
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Parameters Value
Active area (A 124 (cnm’)
Catalyst layer thickness(zucr) 1.2910-5 (m)
Membrane thickness(fnem) 1.0810-4 (m)
Characteristic length(L) 1 (um)
Fuel cell temperature(7rc) 80 (°0)
Total pressure (Pc, Pa) 1.15 (atm)
Number of cells in FC stack 60

VH2, Vo2 1.42, 2.0

Equivalent weight(M,,)

Dry density of membrane(p,.)

1100 (kg/kmol)

2.0 (kg/m)
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