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Abstract

A non-destructive inverse method is developed to determine internal temperature distribution of the PEMFCs. In this study, the attention
is focused on global measurement for the irregular temperature distribution at the interface between the carbon plate and the membrar
electrode assembly (MEA) based on the measured temperature data on the outer surface of the end plate. A direct problem solver capable
predicting temperature distribution in the solid layers of the PEMFC under various conditions is incorporated in the inverse approach to provide
temperature solutions. In this report, a concept of point-by-point temperature prediction is presented. This approach is particularly suitable
for determining irregular temperature distribution that is difficult to handle by the existing polynomial-function approach [C.H. Cheng, M.H.
Chang, Predictions of internal temperature distribution of PEMFC by undestructive inverse method, J. Power Sources, in press]. A numbe
of test cases are considered in this study. Some irregular temperature functions are specified and regarded as exact temperature distributic
to predict. Meanwhile, the influence of uncertainty in the measured temperature data on the outer surface is evaluated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [8], the optimization was based on a steady-state single-phase
electro-chemical model for the cathode. In the study of Mo-
In the past several years, significant progress in the de-hamed and Jenkir{8], a genetic algorithm is employed to
velopment of fuel cell technology has been achieved by optimize a PEMFC stack design by searching for the best
an increasing number of experimenfal-3] and theoretical ~ configuration in terms of cell number and the cell surface
[4-7] studies. The experiments can help determine the over-area. Grujicic and Chittajall{l0] used a two-dimensional
all performance of the fuel cell and find out preferable oper- electrochemical model to determine the optimal design of
ation conditions. The theoretical studies help understand thethe operational and the geometrical parameters for cathode
physico-chemical process and the transportation phenomenaf a fuel cell.
inside the fuel cell and provide detailed information which In general, the electrical energy produced is accompanied
may not be easily obtainable by the experiments. by an approximately equal amount of thermal energy dissi-
On the other hand, the optimization methods are gradu- pated. Therefore, thermal management of a fuel cellis of great
ally introduced into the fuel cell design phase. For example, concerns to the researchers. In order to ensure efficient ther-
a nonlinear-constrained optimization procedure to maximize mal management for the fuel cell, it is required to monitor the
the performance of the cathode with interdigitated air chan- internal temperature distribution of the PEMFC. However,
nels in a PEMFC was presented by Gruijicic ef&]. In Ref. the internal temperature of the fuel cell is usually not eas-
ily measured, especially for a global measurement. To have
mpondmg author. Tel.: +886 2 25925252/3410; the internal te_mpergture information, one may use destruc-
fax: +886 2 25997142, tive methods, in which a number of temperature sensors are
E-mail addresscheng@ttu.edu.tw (C.-H. Cheng). inserted into the fuel cell to measure the internal temperature
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Nomenclature

C heat capacity (kJ kgt °C—1)

h heat transfer coefficient (Wng °C~1)

H height (m)

J objective function

k thermal conductivity (W mi°C—1)

L length of fuel cell (m)

NX, NY, numbers of grid points ir-, y-, and
NZ zdirection

q internal heat source (Wn?)

t time

T temperature°C)

T simulated experimental temperature da@)(

Ta ambient temperaturéC)

w thickness (m)

X,¥,Zz Cartesian coordinates (m)

Greek symbols

B step size

y conjugate gradient coefficient
0 exact temperature solution

0 density (kg m2)

o experimental temperature uncertainty
1) random number varied 1 and 1
Subscripts

C carbon plate

Cu copper plate

e end plate

ex exact

g gasket

i,j,k grid point indices

ini initial guess

Superscript
n iteration step

directly. Unfortunately, the destructive methods may appre-
ciably disturb the original flow and current fields inside the

fuel cell, and may also be possible to cause leakage problems

of the fuel and oxidant gases.

In order to resolve these problems, Cheng and Cliahlg
introduced the concept of an inverse method for obtaining
the global temperature distribution at the MEA/carbon plate
interface in the PEMFC. This method is capable of predict-
ing internal temperature distribution of a PEMFC efficiently
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able error in predictions. Thus, the flexibility of the inverse
method is actually limited due to the polynomial-function
assumption.

In the present study, the existing polynomial-function ap-
proach is modified and extended to the applications for a more
flexible form of temperature distribution at the MEA/carbon
plate interface. The temperature distribution is predicted by
using a point-by-point concept which is not limited by the
mathematical assumption with a polynomial-function form
for the temperature distribution. Therefore, even an irregular
temperature distribution at the MEA/carbon plate interface
can be predicted accurately.

The validity of the present method is demonstrated by
dealing with two cases of exact temperature function. In ad-
dition, the influence of the uncertainty in the measured tem-
perature data on the outer surface of the end plate is evaluated.
Relative performance ofthe presentapproach is demonstrated
by a comparison with the existing method.

Fig. 1shows the schematic of a typical single-cell PEMFC.
The PEMFC shown in this figure is equipped with a polymer
electrolyte at the center. The polymer electrolyte is sand-
wiched between two electrodes and two gas diffusion layers
to form a MEA, which is placed between two carbon plates
having machined groves that provide flow channels for fuel
and oxidant individually. In addition, two copper current col-
lectors are attached to the outer faces of the carbon plates
to conduct the current. In general, the outer surfaces of the
copper current collectors are insulated by gasket layers. The
single cell is then compressed tightly by two end plates.

While the cell is in operation, a certain amount of heat
is generated by the electrochemical reaction. The heat gen-
erated must be conducted toward the outer surfaces of the

Simulated zone

based on the outer surface temperature data without caus-

ing any damage to the fuel cell. However, in the study, the
temperature distribution of the predicted interface must be
approximated by a polynomial function. As a result, if pre-
dicted temperature distribution cannot be cast into a form of
a polynomial function accurately, there will exists a remark-

@ Copper current collector
(® Gasket
(® End plate

Membrane electrode assembly

@ Flow channels
@ Carbon plate

Fig. 1. Schematic of a single-cell PEMFC and the simulated zone.
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