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A Study of the Effect of Compressor Performance Map on the
Efficiency of High-pressure Operating PEMFC Systems in
Automotive Applications

DONGHOON CHO, HAN-SANG KIM "

Department of Mechanical and Automotive Engineering, Seoul National University of Science and Technology,
172 Gongreung 2-dong, Nowon-gu, Seoul 139-743, Korea

Abstract >> For the commercialization of fuel cell powered vehicle, it is highly important to improve the
performance and efficiency of an automotive polymer electrolyte membrane fuel cell (PEMFC) system. The
performance and efficiency of PEMFC systems are significantly influenced by their operating conditions. Among
these conditions, the system operating pressure is considered as the one of the main factors. In this study, to
investigate the effects of operating pressure on the performance and efficiency of automotive PEMFC systems,
two types of high-pressure operating PEMFC systems adopting two different compressors (i. e. different performance
maps) are modeled by using MATLAB/Simulink environment. The PEMFC system efficiency and parasitic
compressor power are mainly analyzed and compared for the two types of high-pressure operating PEMFC systems
under the same system net power conditions. It is expected that this kind of study can contribute to provide basic
insight into the operating strategies of high-pressure operating PEMFC systems for automotive use.

Key words : PEMFC(Polymer Electrolyte Membrane Fuel Cell)(2LEXA S-S A= A A]), Operating pressure
(s ¢2), Compressor($F=7]), Performance map(’-5 W), Net power(s =)

Nomenclature i . current density, A/cm’
Imax : current density that causes precipitous
voltage drop, A/cm’

G ific heat, J/kg'K . .
’ speetilc fed £ HHV;; @ hydrogen higher heating value, J/kg

ci, : modeling constant ]

c2 : modeling constant Moy : mass flow rate of stack coolant, kg/s
c3 : modeling constant my, : mass flow rate of hydrogen gas, kg/s
E : open circuit voltage (OCV), V Prop . parasitic load of BOP, W
TCorresponding author : hskim1101@seoultech.ac.kr Peompressor : compressor consumption power, W

[ 200 - 0121208 2<40) - 20121224 AEgel : 01212317 Lwes ¢ system gross power, W

Copyright (© 2012 KEINES Py, . partial pressure of hydrogen, bar
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Prumigiier : parasitic load of humidifier, W
Pret : net system power, W
Po, : partial pressure of oxygen, bar
Ppump . parasitic load of pump, W
Pstack . stack gross electric power, W
Ry . ohmic resistance, Q-cm’
Tt : fuel cell temperature, K
Vo : voltage drop at 0 Alem’, V
Vact . activation overvoltage, V
Veone : concentration overvoltage, V
Vee : fuel cell voltage, V
Vohm : ohmic overvoltage, V
W : mass flow factor, kgs’lKI/zbar'l
Wrel : relative mass flow ratio
Greek letters
v . specific heat ratio
Ap  : pressure drop of stack coolant
e : compressor efficiency
Noump - Pump efficiency
Notar - fuel cell system efficiency
I . pressure ratio
p : density of stack coolant
Subscripts
1 : inlet
2 : outlet
act : activation
conc : concentration
cwW : cooling water
ohm : ohmic
rel . relative
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Fig. 1 Schematic diagram of the high-pressure operating
PEMFC system
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Table 1 Simulated system conditions
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Stoichiometry H, 1.2 Stoichiometry O, 2.0

Inlet humidity (%) | 50 | Outlet humidity (%) | 100

No. of cells 500 Active area (sz) 400

Table 2 Simulated system variations

Net system power

30, 40, 50, 60, 70
(kW)

Cathode air pressure 14, 1.6, 1.8, 2.0, 2.2, 2.4,
(bar) 2.6, 2.8, 32

Stack temperature (C) 45, 50, 55, 60, 65, 70
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Fig. 3 |-V polarization curves for cell operating temperature
of 65°C and varying operating pressure from 1.8 to 3.2 bar
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Fig. 4 Net system efficiency as a function of cathode air
pressure under different net system power conditions (using
screw compressor performance map)
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Fig. 5 Net system efficiency as a function of cathode air
pressure under different net system power conditions (using
centrifugal compressor performance map)
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