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Abstract

A PEMFC(proton exchange membrane fuel cell) is a good candidate for residential power
generation to be cope 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. Typically,
thermal management of vehicular PEMFC is to reject the heat from the PEMFC to the ambient air.
Different from that, 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, dynamic thermal management system is modeled to understand the response of the
thermal management system during dynamic operation. 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. Dynamic responses and operating strategies of the PEMFC
system are investigated during load changes.

mem : membrane
0 : outlet
h : enthalpy (kJ/kg) 1.
J : current density (A/cm2)
m : mass flow rate(kg/s)
p : total pressure (atm)
P : power (W) ’
T : temperature (K)
V . electric potential (V)
d : Nafion® thickness on agglomerate (cm)
1 : water content
n : stoichiometry flow coefficient ,
(Proton Exchanger Membrane
Subscripts Fuel Cell, PEMFC) ,
A : anode side , )
c : coolant ,
CA : cathode side ~ PEMFC
FC : fuel cell (hotel power)
in : inlet
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Table 1 Specification of FC Stack
Parameters Value
Active area (Aa) 124 (cm)
Catalyst layer thickness(Zact) 1.2910-5 (m)
Membrane thickness(tmem) 1.0810-4 (m)
Characteristic length(L) 1 (wm
Fuel cell temperature(Trc) 80 (°C)
Total pressure (Pc, Pa) 1.15 (atm)
Number of cells in FC stack 60
VH2, Vo2 1.42, 2.0
Equivalent weight(Mm) 1100 (kg/kmol)
Dry density of membrane(pury) 2.0 (kg/m®)
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Fig. 4 Simplified Diagram of Membrane Humidifier
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Fig. 9 Air Humidity and Temperature at Cathode Inlet
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Fig. 10 Temperature Response of Cooling Circuits

33
Fig. 10 1
.2
, 65°C
Fig. 10 ,
4. A4 =
1.
2.
3,

(1) P. Konig, A. Weber, L. Lewald, T. Aicher, L.
Jorissen, E. Ivers-Tiffée, R. Szolak, M. Brendel
and J. Kaczerowski, "Testing and model-aided
analysis of a 2 kWel PEMFC CHP-system,"
Journal of Power Sources, Vol. 145, 2005, pp.
327-335.

(2) U. S. Selamogullari, T. R. Willemain and D.
A. Torrey, "A System Approach for Sizing a
Stand-alone Residential PEMFC Power System,"
Journal of Power Sources, Vol. 171, 2007, pp.
802-810.

(3) T. E. Springer, T. A. Zawodzinski and S.
Gottesfeld, "Polymer Electrolyte Fuel Cell Model,"
Journal of Electrochemical Society, Vol. 138, No.
8, 1991, pp. 2334-2342.

(4) S. Yu, HS. Kim, Y.D. Lee, and K. Y. Ahn,
2008, "A Dynamic model of PEMFC system for
the simulation of residential power generation,"
Proceedings of FuelCell2008.

(5) K. Broka and P. Ekdunge, "Modeling the PEM
Fuel Cell Cathode," Journal of Applied
Electrochemistry, Vol. 27, 1997, pp. 281-289.

(6) Jay T. Pukrushpan, Anna G. Stefanopoulou, and
Huei Peng, 2004, Control of Fuel Cell Power
Systems, Springer, London, First Edition, pp.
15-20

(7) S. Yu, "Thermal Modeling of the Proton
Exchange Membrane Fuel Cell," Ph.D.
Dissertation, University of Michigan, 2006.

2844



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


