ﬁamgmmiiu a'ulnmmwnmxmﬁ'ziumimv'\

Wy

BSIGN AR 7
DESIGN AND ANALYSIS OF GAS FLOW FIELD FOR
| PAV4 [ B7%] j
PROTON EXCHANGE MEM

EXCH {EMBRANE FUEL CELL

hl AT"‘AVO 951 AABR ..‘04 A ‘.7}‘1 n

DCCTOR OF ENGINEERING
IN ENERGY ENGINEERING

TEE GRADUATE SC

O
TIT AN ¥ TR
C.-‘.f' ‘\6 .LH.AJ UL‘\:\V



A

L(‘f}" ' ,’,{/ﬂ\})

v 2y av | a
NaIFNAINIRY a“Inuuamxnsmn'mwummm

T

DESIGN AND ANALYSIS OF GAS FLOW FIELD FOR
PROTON EXCHANGE MEMBRANE FUEL CELL

NATTAWUT JARUWASUPANT

A THESIS SUBMITTED TO THE GRADUATE SCHOOL IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DOCTOR OF ENGINEERING
IN ENERGY ENGINEERING

THE GRADUATE SCHOOL
CHIANG MAI UNIVERSITY
SEPTEMBER 2011



DESIGN AND ANALYSIS OF GAS FLOW FIELD FOR
PROTON EXCHANGE MEMBRANE FUEL CELL

NATTAWUT JARUWASUPANT

THIS THESIS HAS BEEN APPROVED
TO BE A PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF ENGINEERING
IN ENERGY ENGINEERING

EXAMINING COMMITTEE THESIS ADVISORY COMMITEE

MVISOR

Asst. Prof. Dr. Yottana Khunatorn

...................... ..CHAIRPERSON
Dr. Jaytawee Pukrushpan

/{)vuﬁouyw .......... MEMBER /‘)\C&C‘(" %.%?@-ADVISOR
Assoc. Prof. Dr. Nak¥rn Tippayawong Assoc. Prof. Dr. Nakorn Tippayawong
N ..... /\& ~t...CO-ADVISOR

Dr. Nirut Naksuk

Dr. Nirut Naksuk

/’l'/ll /
...... %f”‘ ’S..........MEMBER
Dr. Natanee Vorayos

30 September 2011
© Copyright by Chiang Mai University



ACKNOWLEDGEMENTS

There are numerous organizations and individuals to whom I owe a great deal
of gratitude for their help and assistance throughout the period of my research and in
the production of this thesis.

First and foremost, I would like to thank my principal advisor, Asst. Prof. Dr.
Yottana Khunatorn for introducing me to the field of CFD technique and providing
precious suggestions and invaluable assistances throughout the stages of this work.

I'am also grateful to my co-advisors, Assoc. Prof. Dr. Nakorn Tippayawong
and Dr. Nirut Naksuk for their invaluable comments during research. Their assistance
and encouragement have given me so much confidence toward my career.

I ' would also like to thank Dr. Jettavee Pakkaruchchapun served as the thesis
examining Chairman and Dr. Nattinee Vorayos served as the thesis examining
committee member for their valuable suggestions and kindly.

My sincere thanks also go to Mr. Shongwut Nirunsin, Mr. Adisorn Thomya
and Miss Patcharapan Puttacharoen who have helps me in tools, instruments, data
collection and experiment test station.

[ thank all the people who helped me in tangible ways to finish the research,
including my coordinate working at Neutrons Institute at Department of Physics
Science, Chiang Mai University.

[ would like to gratefully acknowledge the Thailand Graduate Institute of
Science and Technology, Thailand for the partial financial support.

Last and most importantly, 1 thank my family for their support that sustained
me throughout my study at Chiang Mai University and their encouragement.

Finally, I hope this thesis has utility more or less for anyone. Maybe I mistake
in this thesis that I am apologize very much and I receive utility advice.

Nattawut Jaruwasupant



11

Thesis Title Design and Analysis of Gas Flow Field for Proton
Exchange Membrane Fuel Cell

Author Mr. Nattawut Jaruwasupant
Degree Doctor of Engineering (Energy Engineering)

Thesis Advisory Committee Asst. Asst. Prof. Dr. Yottana Khunatorn ~ Advisor

Assoc. Prof. Dr. Nakorn Tippayawong Co-advisor
Dr. Nirut Naksuk Co-advisor

ABSTRACT
E 12195

The main objective of this work is to numerically and experimentally
investigate the effect of parameter design of flow field channel in proton exchange
membrane fuel cell and to compare performance with old fuel cell. In this study,
simulation of the flow inside a serpentine flow field pattern in any parameter is
affected using numerical modeling technique. Examination of relationship between
dimension of channel, channel length, radius curve and inlet manifold with pressure
drop, velocity distribution and polarization curve and improve proton exchange
membrane fuel cell performance based on the flow field. The PEMFC model was
studied in velocity and pressure drop distributions in flow channels and gas

consumption in electro-chemical. The assessment of all flow fields was obtained and

used as a fundamental knowledge on designing a new flow field. New flow field of
fuel cell models designed and modeled numerical, 2 ways multi-serpentine flow field.

The result of gas distribution within the 2 ways multi-serpentine with header
flow field was similar to the multi-serpentine flow field. However, this flow field
delivered higher velocity and pressure drop. The prototype of the 2 ways multi-
serpentine with header polar plates were built and tested. The performance of the 2
ways multi-serpentine with header was compared with the 4 serpentine polar plates
and 6 serpentine polar plates. The results show that the 2 ways multi-serpentine with
header polar plates provided power density is 621.9 mW/cm?. The new fuel cell has
performance of cell better than 6 serpentine channel flow field about 10.03% and 4
serpentine channel flow field about 14.91 % in power density. The maximum
efﬁ}ciency of the fuel cell occurred at the temperature of 70 °C and flow rate of 500
cm’/min.
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B.138 Pressure distribution at 500 cm”/min of 2 ways multi-serpentine
with header
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