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Abstract >> Polymer electrolyte membrane fuel cell (PEMFC) system receives
great attention as a promising power device for automotive applications. For the
wide commercialization, the efficiency and performance of automotive PEMFC
system should be further improved in terms of total system (stack and balance
of plant [BOP]). Air supply module, which is a major part of the BOP, greatly af-
fects the efficiency of automotive PEMFC system. In this paper, a systematic
study on the low-pressure automotive PEMFC system was made in an attempt to
enhance the net system efficiency. This study mainly presents an investigation of
the effect of blower configuration (1-blower and 2-blower) on the net system effi-
ciency of automotive PEMFC system. For this purpose, the effect of operating
pressure and cathode stoichiometry on the system efficiency was investigated
with stack temperature under the fixed net system power condition. Results in-
dicate that 1-blower system is better in system efficiency over 2-blower system
under an air stoichiometry of 2. However, 2-blower system is better in system effi-
ciency under an air stoichiometry of 3. The simulation results show that the opti-
mum operating strategy needs to be established for various blower system con-
figurations considering blower performance maps.

Key words : Polymer electrolyte membrane fuel cell(Zl £ Xt M3 & & A 2 M X|), Air supply
module(37| 35 AlAH), Blower(2 2 %), System efficiency(A| A E 5 &),
Cathode stoichiometry( -c'>—7|5.L YZH|)
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Nomenclature

Aact - active area of fuel cell, cm’

b : function of membrane water content

bu,bip, by : empirically determined constant

c1,¢2,¢3 : modeling constants

G : specific heat, J/kg'K

Eoc : open-circuit voltage (OCV), V

HHYV,, :hydrogen higher heating value, J/kg

i : current density, A/cm’

Imax : current density that causes precipitous
voltage drop, Alem’

Lk : stack current, A

man : anode gas mass flow rate, kg/s

nim : cathode gas mass flow rate, kg/s

mLW : stack coolant mass flow rate, kg/s

st : number of stacked cells

Py, : partial pressure of hydrogen, bar

Po, : partial pressure of oxygen, bar

P : pressure, bar

ronmic . internal electrical resistance, Q-cm’

T : temperature, K

Teen : fuel cell temperature, K

tm : membrane thickness, cm

Vo : voltage drop at 0 Alem’, V

Vact : activation overvoltage, V

Veell : cell voltage, V

Veon : concentration overvoltage, V

Vonmic ~ : ohmic overvoltage, V

Viack  : stack voltage, V

Wi : blower consumption power, W

Wh : parasitic load of humidifier, W

Wiet : net system power, W

/788 : parasitic load of pump, W

Wharasitic : parasitic load of BOP, W

Wgack  : stack gross power, W
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Greek letters

vy : specific heat ratio

AP,  :stack coolant pressure drop, kPa
My : blower efficiency

UN : pump efficiency

Neystem - fuel cell system efficiency

A : membrane water content

P : coolant density, kg/m3

Oy : membrane conductivity, (Q-cm)’!

Subscripts

in : inlet

out : outlet

act : activation
con : concentration
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Air Intake Air Exhaust

(a) 1-blower (single-blower) system
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(b) 2-blower (dual-blower) system

Fig. 1. Schematic representation of two low-pressure operat-
ing PEMFC systems for vehicular applications
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Table 1. Empirical equations for a single PEMFC model""*" Table 2. Basic stack parameters used in the study
Equation description Parameters Value
Number of cells 500
I/;ell = E:JC - V;ct - V;hmici I/con (2) P
Area of active cross section 400 cm
E,. =1.220— 0.85% 1073( T — 208.15) Inlet air temperature 25C
+4.3085107° 7., [In (I’HQ) +0.5Iln (poz)] 3) Ambient air pressure 1.0 bar
Water content 14
Vonmic = © X Tonmic 4) Cathode stoichiometry 2.0
¢ Anode stoichiometry 1.2
Tohmic = gm Q) Cathode stack inlet RH 70%
m
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Table 3. Main operating parameters of the simulation results
of this study

Parameters Value
Net system power 50 kW
Operating cathode pressure 1.2, 1.3, 1.4 bar
Cathode stoichiometry 2,3
Stack temperature . 35._80 C P
(increasing by 5C)
Stack inlet relative humidity (RH) 70, 80%
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Fig. 2. I-v characteristic curves with unit cell operating temper-
ature at a cathode pressure of 1.3 bar and cathode stoi-
chiometry of 2
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Fig. 3. System efficiency with 1-blower and 2-blower systems
varying stack temperature and relative humidity at a cathode
stoichiometry of 2 and an operating pressure of 1.2 bar
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Fig. 4. System efficiency with 1-blower and 2-blower systems
varying stack temperature and relative humidity at a cathode
stoichiometry of 2 and an operating pressure of 1.3 bar
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varying stack temperature and relative humidity at a cathode
stoichiometry of 2 and an operating pressure of 1.4 bar
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