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A Dynamic Model of PEMFC for Residential Power Generator
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Abstract : A dynamic model of proton exchange membrane fuel cell{PEMFC) system is designed to
understand the performance of the PEMFC in residential power generator(RPG) over various balance
of plant(BOP) options. In particular, since the performance of PEMFC system should be optimized
for given operating ranges, 1t 1s necessary to design suitable BOP components which can support
the operating ranges. The objective of this study is to develop a dynamic system model for the
study of PEMFC performance over various BOP options. Therefore, a dynamic model 1s composed of a
PEMFC stack model, a water management system model, a thermal management system model and a
fuel/air supply mode! and the model is integrated under SIMILINK®environment. Basic simulation
resuits will be presented.

Nomenclature g . gas
in : inlet
¢ : concentration (mole/cm’) mem . membrane
F : Faraday's constant (C/mole) o - outlet
Agj'. : Gibb's free energy at STP (J/ mole) w : water vapor
J . current density (A/cmz)
m . mass flow rate(kg/s) 1. M &
Ap : pressure difference (kPa)
R : universal gas constant (J/molK) ¥z Add AFHX(Proton Exchange
t : thickness (m) Membrane Fuel Cell, PEMFC)E & &9°] $53lx
V  : electric potential (V) or Volume () Az L FAo] foldlg /1AL WA 7l (Residential
Xi : mole fraction Power Generator, RPG)E & -43}710] A§3 RO
k : electric conductivity (mho/cm) Z oA Qo). o] dE A7} A AL U7
v : stoichiometry flow coefficient JAlME A &5 U dHZANA A
oF 3o}, AEAX WHo BoF 8L A3 F

Subscripts and Superscripts A g wjg AAE Ro] Fasith Az o
act . active area w2l Qazdss 2da ddHo 9\}13’ 4l
A - onode side A" 2&gE MY &8 FEE & U
. . coolant g, ol HEZ A7t BrAeltt. 9% 7t
C : cathode side
eff . effective properties X
FC : fuel cell 1°8) E=7Ae
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Table 1 Specification of FC Stack

Parameters Value
Active area (A.q) 124 (cm”)
Catalyst layer thickness(z.) 1.29%x 107 (m)
Membrane thickness{tmen) 5.x 107 (m)

Ratio of specific area to char. thickness

102
of electrolyte (8/2) 6.5x 107" {cm’)

Fuel cell temperature(Trc) 80 (°C)
Total pressure (Pc, Py) 1.15 {aum)
Number of cells in FC stack 60
Va2, YO2 1.42, 2.0
Equivalent weight(M) 1100 (kg/kmol)
Dry density of membrane(pa.) 2.0 (ke/m’)
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Fig. 1 Schematic of Fuel Cell System for RPG
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Fig. 2 Dew Point of Dry Gas at Humidifier Outlet
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Fig. 3 Integration of the lumped transient fuel cell stack
model with the thermal management system

3. €1t & E2

599 AEAA A2 4 22 o83
of, 23 WE] e AE RUSY $PEYL
#5gich ALEE 23 WEL 1Y 49 2k

- 14 -



Q.25
__ oz 3
g
‘é-‘ 0.5 .
g o1 .
2

0.05

i I
Co S0 oo s 15006 3660 7500
me (sec)
Fig. 4 Input Cunrent Density For Load Follow-up

35324 -

25322 -
[ .
&

2
£ 38310 J
! i
5 .. - N S—
& I53. 14 -
5312
3539 ":nl':hJ 11;;00 !‘):JU .'ZL;._'N_‘I 2&..uu
Turnefuec|
Fig. 5 Dynamic Response of Stack Temperature
&0
£
% o5 [
- I
é .............. L
S 50 —
= 1
& L. \
455 Lo 1000 Th00 Z000 H00
Time[sec]
Fig. 6 Dynamic Response of Fuel Cell Potentials
18X 1o? ] Aar Flow Rate from Turbo Blower
= 1 1
&
3
5
= osk 4
f
%y 00 7000 TE00 2000 ~2500

Tirnme{sec]

Fig. 7 Mass Flow Rate to Maintain vs~2 under given
load conditions

100

" | N

\__,_'b:

70

umidiyof Dry Gas (%)

40

1000 1500

Thme {xec)

2000 2600

Fig. 8 Dry Air Humidity at the Humidifier Out

B[
2
2
L.
Ir
02{_5
o
Lh
3
SN
l

IRE dRAA NaPY e
4 2@ wek mAE &
2535,
b8 % ohel,
= o] 75
2475
sAx ) 23} W3t Al 2t BOPES
3Fo] XS dET

o

—

Mdd 292 &g§F 299 ¥ &
BOP A 2 A HAHFE sl AT

[1]

2]

[3]

[4]

5]

- 15 -

o o e 8
o i
ST
" 2
i

N, ot o

A% Hse 2, 254
% AHAY §57
IHBIEE, o] FEO

e

2
| =%
iR

—

>
o

=
Oli
—
N
—_

o 18 8
o
tlo

2 oX

I
gt ofl
> 1o

¥
._Q,"“’

e

]
)
e

@

o2
tjo o

(& Jim
r8 R ok Bk ok L Ho

28 2d2 e 5ol o
Adsjdy vyy 5
st, 37

AT = wH SEHS A

+ 9t

References

Bemnardi, DM., and Verbrugge, M.W. 1991,
"Mathematical Model of a Gas Diffusion Electrode
Bonded to a Polymer Electrolyte," AIChE Journal,
37(8), pp. 1151-1163.

Bernardi, D.M., and Verbrugge, M.W., 1992, "A
Mathematical Model of the Solid-Polymer-Electrolyte
Fuet Cell," J. of Electrochemical Society, 139(9), pp.
2477-2491.

Springer, T.E., Zawodzinski, T.A., and Gottesfeld,
S., 1991, "Polymer Electrolyte Fuel Cell Model," J.
of Electrochemical Soctety, 138(8), pp. 2334-2342.

Springer, T.E., Wilson, M.S., and Gottesfeld, S.,
1993, "Modeling of Experimental Diagnostics in

Polymer Electrolyte  Fuel Cells," J. of
Electrochemical Society, 140(12), pp. 3513-3526.
Fuller T.F., and Newman, J., 1993, "Water and

Thermal Management in Solid-Polymer-Electrolyte
Fuel Cells," J. of Electrochemical Society, 140(5),
pp- 1218-1225.

[6] Nguyen, T.V., and White, R.E., 1993, "A Water and

Heat Management Model for Proton-Exchange
Membrane Fuel Cells,” J. of Electrochemical
Society, 140(8), pp. 2178-2186.



[7]

(3]

Amphlett, J.C., Mann, R.F., Peppley, B.A ., Roberge,
P.R., Rodrigues, A., "A model predicting transient
responses of proton exchange membrane fuel cells”,
Journal of Power sources 61, 1996, pp.183-188.

Francesco, M.D., Arato, E., "Start-up analysis for
automotive PEM fuel cell systems”, Journal of
Power Sources, 108, 2002, pp.41-52.

[9] Broka, K., and Ekdunge, P., 1997, "Modeling the

PEM Fuel Cell Cathode,” J. of Applied
Electrochemistry, 27, pp. 281-289.

- 16 -



