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Abstract—The goal of this research is to understand and
quantify the impact and effects of low temperature
operation has on the performance and efficiency of
vehicle fuel cell systems through modeling. More
specifically, this work addresses issues of thdiaini
thermal transient known to the automotive commuaity
“cold-start” effects. Cold-start effects play a sifjicant
role in power limitations in a fuel cell vehiclené may
require hybridization (batteries) to supplement itafale
power. A fuel cell system model developed as (ddtti®
work allows users to define the basic thermal fluid
relationships in a fuel cell system. The model lbarused
as a stand-alone version or as part of a complex éell
vehicle model.

Fuel cells are being considered for transportation
primarily because they have the ability to increashicle
energy efficiency and significantly reduce or efiate
tailpipe emissions. A proton exchange membranectiel

is an electrochemical device for which the opersdio
characteristics depend heavily upon temperatureusT it

is important to know how the thermal design ofdpgtem
affects the performance of a fuel cell, which goseahe
efficiency and performance of the system.
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l. INTRODUCTION
Fuel cells are being considered for transportabiecause
they have the ability to increase vehicle enerdigiehcy
and significantly reduce or eliminate tailpipe esiogs. It
is well known that passenger vehicle with sparktign
engines release most of their unburn hydrocarbon
(HC),Carbon monoxide (CO) and Nitrogen oxide (NO)
emissions during first minutes of driving, whileetthree-
way catalyst (TWC) is below its so-called “Lightfof
temperature”. As such, the introduction of catalyti
converters was quickly followed by intensive effort
aimed at optimizing their performance during thizold
start ,period users to simulate a variety of vedscl
The objective of this work is to develop a net powe
request model of a vehicle fuel cell system. Thizdel
will also be able to quantify the impact that celdst has
on the performance and efficiency of a fuel cehigte.
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Specifically this model will pay particular attemti to the
thermal system and the role that it plays on thgaln
thermal transient known as cold-start. Current reée
vehicle simulations in ADVISOR™ do not account for
the impact of the thermal fluid systems on the aller
efficiency and performance of a fuel cell system.
Quantifying the impact on efficiency will show the
increase in energy use over a vehicle drive cydking
drive cycles with higher speeds and aggressive
acceleration will show the overall performance Idge to
operation at low temperatures.

II.  FIGURES
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Fig.1: Block Diagram of the Fuel Cell Model

FUEL CELL EFFICIENCY DURING HOT-
START FTP-75.
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Fig.2: Fuel Cell Efficiency during Cold StarTP-75

V. CONCLUSION
The work presented has developed a net power reques
model for a vehicle fuel cell system. The model tres
capability of quantifying the impact of low temptne
operation on the efficiency and performance ofed éell
system. A finite difference Blumped capacitance aetod
was developed that has the ability to model thé&aini
cold- start transient. Analysis of the system imredl
characterizing the system during steady state tipara
and in a dynamic vehicle system.
The model has two main parts, the electrochemistry
model, and the thermal model. The electrochemistry
model is responsible for determining the operapiit
of the fuel cell and the parasitic power requiredun the
system. Addressing the issue of the cold-staristean is
the responsibility of the thermal model. This modsés a
finite difference lumped capacity approach to maithel
fuel cell stack as well as the reservoir and plurgbiThe
thermal model also includes a humidifier, condenaed
radiator that affect the overall performance arfitiehcy
of the fuel cell system. Implemented into the madedn
operating control strategy that places limits ore th
operation of the fuel cell system that would beoecgd in
a practical application.
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