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A Dynamic Simulation Model for the Operating Strategy
Study of 1 kW PEMFC

SANGSEOK YU-', YOUNGDUK LEE-, DONGJIN HONG-, KOOKYOUNG AHN-

«Korea Institute of Machinery & Materials,
171, Jang-dong, Yuseong-gu, Deaqjeon, 305-343, Korea

ABSTRACT

Dynamics of the proton exchange membrane fuel cell is specially important when the system is
frequently working on transient conditions. Even though the dynamics of proton exchange membrane fuel
cell for residential power generation is less critical than that of PEMFC for transportation application, the
system dynamics of PEMFC for RPG can be very important for daily start-up and stop. In particular,
thermal management of the PEMFC for RPG is very important because the heat generation from
electrochemical reaction is delivered to the home for hot water usages. Additionally, the thermal
management is also very important for heat balance of the system and temperature control of the fuel cell.

The objective of this study is to develop a dynamic system model for the study of PEMFC
performance over various BOP options. Basic simulation results will be presented.

KEY WORDS : proton exchange membrane fuel cell (ZL&#F = A& @ <& AA]), residential
power generator (7} -8 27 7]), BOP(5 ¥ A]), dynamic model(F4 R 32)

Ag;: gibb's free energy at STP (J/mole)

Nomenclature h  : heat transfer coefficient (W/m’s)
. J  : current density (A/cmz)
a : specific st.lrface area ot; the agglomerates m : mass flow rate(kg/s)
¢ : concentration (mole/cm”) .
. . p : total pressure (atm)
E . effectiveness of reaction .
F . faraday Clmol Q : heat transfer rate (W)
+ faraday’s constant (C/mole) R : universal gas constant (J/molK)
t . thickness (m)
TCorresponding author : sangseok@kimm.re.kr T : temperature (K)
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. electric potential (V)

. electric work (W)

: thickness direction (cm)

: mole fraction

: Nafion” thickness on agglomerate (cm)
: electric conductivity (mho/cm)

: water content

: stoichiometry flow coefficient

Subscripts

. anode side

. active area

: coolant

: cathode side

: control volume

. effective properties

. fuel cell

: gas

: hydrogen

. inlet

: membrane

: nernst potential

: outlet

: oxygen

: reaction

. saturation pressure (kPa)
: water vapor

: O, concentration in GDL
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Fig. 1 Schematics of PEMFC system for residential power
generator
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Table 1 Specification of FC stack

Parameters Value

Active area (Aqe) 124 (cmz)
Catalyst layer thickness(zac) 1.2910-5 (m)
Membrane thickness(#em) 1.0810-4 (m)
Characteristic length(L) 1 (um)
fao o spsfc e 511010 en)
Fuel cell temperature(7rc) 80 (°C)

Total pressure (Pc, Ps) 1.15 (atm)
Number of cells in FC stack 60

V2, VO2 142, 2.0
Equivalent weight(M,,) 1100 (kg/kmol)
Dry density of membrane(pq) 2.0 (kg/m’?)
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Fig. 6 Integration of the lumped transient fuel cell stack

model with the thermal management system

Fig. 5 Dew point of dry gas at humidifier outlet
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FC Btack Temperature over Load Change

Current Density Profile
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Fig. 8 Dynamic response of stack temperature

Fig. 7 Input current density for load follow-up
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