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A Study on the Analysis of the Performance and Efficiency of a
Low-pressure Operating PEMFC System for Vehicle
Applications Using MATLAB/Simulink

RAEHYEOK PARK, HAN-SANG KIM

Department of Mechanical and Automotive Engineering, Seoul National University of Science and
Technology, 232 Gongneung-ro, Nowon-gu, Seoul 139-743, Korea

Abstract >> The air supply system has a significant effect on the efficiency of polymer electrolyte membrane
fuel cell (PEMFC) systems. The performance and efficiency of automotive PEMFC systems are greatly influenced
by their air supply system configurations. This study deals with the system simulation of automotive PEMFC
systems using MATLAB/Simulink framework. In this study, a low-pressure operating PEMFC system adopting
blower sub-module (turbo-blower) is modeled to investigate the effects of stack operating temperature and air
stoichiometry on the parasitic power and efficiency of automotive PEMFC systems. In addition, the PEMFC net
system efficiency and parasitic power of air supply system are mainly compared for the two types (low-pressure
operating and high-pressure operating) of automotive PEMFC systems under the same net power conditions. It
is suggested that the obtained results from this system approach can be applied for establishing the novel operating
strategies for FC vehicles.

Key words : Air supply system(37] &5 A|2~#l), PEMFC(Polymer Electrolyte Membrane Fuel Cell)(i-‘:#Z]-X% 3|

2e A7 A A]), Low-pressure operating(4+3), Blower(E=2$]), System net power(A| A8l &= &9)
Nomenclature Ew @ thermodynamic voltage, V
HHVip : hydrogen higher heating value, J/kg
C,: specific heat at constant pressure, J/Kg'K i : current density, Alem’
¢1, ¢, ¢3 @ modeling constants imax : current density that causes precipitous voltage
Eg. : fuel cell voltage, V drop, A/em’

m : mass flow rate, kg/s

TCorresponding author : hskiml 101@seoultech.ac kr
[ Feedd ;2013101 4« 20131021 AL 0 2013.1031 ]
Copyright (© 2013 KHNES Pgop : parasitic load of BOP, W

nin : mass flow rate of hydrogen, kg/s
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394 MATLAB/Simulink - ]88} A58 At

Pgross : system gross power, W

Pyt @ system net power, W

py,: partial pressure of hydrogen, Pa
pi : inlet pressure of air, Pa

Do : outlet pressure of air, Pa

o, partial pressure of oxygen, Pa

Romme : internal electrical resistance, 2 - cm?

Tr. : fuel cell temperature, K

T : inlet temperature of air, K

Vo : voltage drop at zero current density, V
Va : constant, V

Vit : activation losses, V

Viitusion © diffusion losses, V
Vohme : ohmic losses, V
Whiower : oparasitic power of blower, W

Greek letters

~ : specific heat ratio
n, : blower efficiency

ns : fuel cell system efficiency
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Fig. 1 A schematic of the low-pressure operating PEMFC
system

211 7t

2 Ao AEAE AnA] A28 molA

Mg gL et 2o,

D) dRdA] AdoR FREL dm@4)e) Ak}
AENE oIS BAS Zhct

2) ARAX A28 o] e Bz B2l W

s efelx) etk

3

A (D-5) 72t e e,

Ef :Eéh - I/act - I/Ohmc_ V;ﬁffusion (1)

C

B, =1.229 — 0.85x 107%( 7}, —298.15)

. 2
43085 10 T In Gy )+ n(py)] O

Vie = Vot V(1= ) 3)

v

ohme — i X Rohmc (4)

A24A AS55 20139 10Y



396 MATLAB/Simulink - ]88} A58 At

Viitiusion = i(czi ‘ ) J 5)
max

et A8 mEES QfeiA= vt A e
oMo 28 A HlolE7t stk & AtolM=
28] A7 dolelg SuE & glong thest A
28 S SIstel w9l Aol £ dlofele] A A
% 2 Fl] 28 Y2 AU PG A
shick. Theshel A4S Agsigone gB P,
28 TS 9 MR Rejmel 54, g2 ot
29k 7hae) S W) o BE E0j3T) ha
A Y S8 Bx 5o meEA Lokt

2.3 FH ¥x| (BOP) 2¥
2.3.1 37| 32 x| =¥

AEAG AdE ARAA AAdeL 22 B
Sl(blower)7} AFEEICE 2 Aol A AERG A
Y ARAMA Aado] Y] ALEE HE 229
2 A2 Aol 2gsrgict

RS P 87 EHE a1 FES A
3h= o] AR EE 2299 58 () F 229
o &g We Fgsto] TG, ERYS 1ET
T @FEE FEe 2] (6)F go] ALkt

2

7—1
IROE :
Wcompressor = Cjn?b ((7)) - lJm (6)

AEAE 71908 ARnAX) AlLE] 2gEs o
Z7|2E 237 (screw) UE7|9F 19 THEH Al
We ALy

2.3.2 7|t FH HX| ZH

7R57] AR FEE 7I5710] ARE BlE o) A

>> s W Ao 2|5t

1
Mo
i)

PEM §1E:71%] Al2Ele] 4]

N
EN
=

-
oz

>
M
il

=% (net system power)-

AZ AR

A
AlAE]l & P (system gross power)o| 4] BOPOJ A

ACE AolEm 4 (1) ol

net ~— + gross

=

A oS W
=]
=

P oss — Ppop

AEAG AnHA Ax

@)

g T8> ARH
%\—/\)«] ok(mH )“’]’

Amo| 9 WALV, )& ookl 4 ()3 &
SELEE!
P
_ net 8
Mie my HHVEI ( )

=
=

HhH

E o2

Table 1 Base system conditions simulated

System net power

(W) 50 Stoichiometry H, 1.2
Inlet humidity (%) 50 | Outlet humidity (%) | 100
No. of cells 500 Active area (sz) 400

Table 2 Simulated system conditions

Operating pressure (bar)

1.3 (low-pressure operating)

2.6 (high-pressure operating)

Fuel cell temperature (C)

45, 50, 55, 60, 65, 70, 75

Air stoichiometry

1.6, 1.8, 2.0, 2.2, 2.4
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Fig. 2 Polarization curve of the unit fuel cell for the cell
temperature of 65°C with operating pressure from 1.3 to
3.0 bar
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operating temperature under different air stoichiometries
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Fig. 4 System efficiency as a function of stack operating
temperature under different air stoichiometry conditions
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Fig. 5 Compressor consumed power as a function of
stack operating temperature at different air stoichiometry
conditions
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