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Abstract : The stringent emission regulation and future shortage of fossil fuel motivate the research of alternative
powertrain. In this study, a system of proton exchange membrane fuel cell has been modeled to analyze the
performance of the fuel cell system for automotive application. The model is composed of the fuel cell stack, air
compressor, humidifier, and intercooler, and hydrogen supply which are implemented by using the Matlab/Simulink®.
Fuel cell stack model is empirical model but the water transport model is included so that the system performance can
be predicted over various humidity conditions. On the other hand, the model of air compressor is composed of motor,
static air compressor, and some manifolds so that the motor dynamics and manifold dynamics can be investigated.
Since the model is concentrated on the strategic operation of compressor to reduce the power consumption, other
balance of components (BOP) are modeled to be static components. Since the air compressor model is empirical model
which is based on curve fitting of experiments, the stack model is validated with the commercial software and the
experiments. The dynamics of air compressor is investigated over unit change of system load. The results shows that the
power consumption of air compressor is about 12% to 25% of stack gross power and dynamic response should be
reduced to optimize the system operation.

Key words : PEMFC system(Proton Exchange Membrane Fuel Cell system, 22322} T 31 2 8 74 %] A] =8, Air

supply(3-7] 3= A1), Hydrogen supply(5+24x &5 7l), Compressor( Y= 71), Water transport model(F 571 % 5 2)

Nomenclature p : power (W)

t : thick

A - area (cm’) ickness (m)

. ) T : temperature (K)

D : diffusivity (cm®/s) . .
\Y% : electric potential (V)

F : faraday's constant (C/mole)

| ' ¢ densit (A/sz) A : water content

- curren y i 5 R : universal gas constant (J/molK)
h : heat transfer coefficient (W/m®s)
m : mass flow rate (kg/s) Subscripts

FC : fuel cell
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g : gas
in : inlet
N> : nitrogen

H : hydrogen

0, : oxygen

w : water vapor
act : active area
0 : outlet

mem : membrane
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Table 1 Specification of fuel cell system

Parameter Value
Fuel cell length (1) 0.196 (m)
Fuel cell width (w) 0.196 (m)
Number of cells in FC stack 381
Membrane thickness (¢,,,.,,) 0.0001257 (m)
Fuel cell temperature ( 7},) 348.15 (K)
Fuel cell active area 280 (cm?)
Compressor diameter 0.2286 (m)
Motor electric constant 0.0153 V/(rad/s)
Compressor motor efficiency 98%
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