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e-mail: tpitchumani@uconn.edu The performance of fuel cells can be significantly improved by using optimum operating

conditions that maximize the power density subject to constraints. Despite its signifi-
cance, relatively scant work is reported in the open literature on the model-assisted
optimization of fuel cells. In this paper, a methodology for model-based optimization is
presented by considering a one-dimensional nonisothermal description of a fuel cell
operating on reformate feed. The numerical model is coupled with a continuous search
simulated annealing optimization scheme to determine the optimum solutions for selected
process constraints. Optimization results are presented over a range of fuel cell design
parameters to assess the effects of membrane thickness, electrode thickness, constraint
values, and CO concentration on the optimum operating conditions.
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1 Introduction cal phenomena. Specific optimization solutions were obtained by
changing one of the operating or design parameters while fixing
. . L .2 the values of the remaining ones. This paper provides an optimi-
technology for a W'de. variety of application of power generations,piqn framework to derive more general optimum solutions. The
PfO\INer sources consisting of PEMdfueI cells ha"? tkhe advanta ective of the optimization is to determine the optimum operat-
of low operating temperature and pressure, quick start-up, afidh harameters for maximizing the power density, and simulta-
pollution-free opc_e_ratloﬂjl]. The overall cell performance is gov- neously satisfying constraints d@) the maximum temperature
erned b_y the critical issues of water and thermal. manag.emqmrference across the cell\T, ., (b) the minimum membrane
[2-7]. Since the membrane in a PEM fuel cell requires sufficieply 4ration, ). and(c) the cell potential®. A numerical simula-
water content to maintain desired ionic conductivity, the fuel anghy model for fuel cells on reformate feed is adopted in this study
oxidant streams are commonly humidified. However, excessiyg1] 1o obtain the information on objective function and con-
water from the feed streams and the electrochemical reaction V@ﬂaints, which, in turn, is combined with a simplex search based
flood the electrode pores, which degrades the fuel cell perfafimylated annealing optimizer to obtain the optimum operating
mance by preventing the reactants from reaching the catalyst sit€snditions.
In general, higher operating temperature is desirable to decreasghe paper is organized as follows: The process model is briefly
mass transport losses and to increase the electrochemical reacli@stribed in the next section, followed by a discussion of the
rates; at the same time, the increase in water vapor pressure Withematical formulation of the optimization problem in Sec. 3.
increasing temperature results in increased mass transport loss@smerical results are presented in Sec. 4 for six fuel cell design
Extensive studies on modeling and computer simulation @hses to illustrate the effects of cell component geometries, con-
PEM fuel cells have been conducted toward better understandisgaint values, and carbon monoxide concentration on the opti-
the transport and electrochemical processes. Bernardi and M@im solutions.
brugge[8,9], Springer et al{10,11], Baschuk and Li12], and
Rowe and Li[13] developed one-dimensional models for steady Mathematical Model of a PEM Fuel Cell
state operation of fuel cells, assuming perfect membrane hydra-_l_ introd the f K f del-based optimizati f
tion. Amphlett et al.[14,15 studied the transient response of ag I\(/)I 'Pugl) cueclf ae hrasr?czvlvc:rr]o d?arl ?:)? t?u_a ?rz(rew O(frtm;'ﬁg Ieolgc(iroef
fuel cell stack by performing a global heat and mass balan mical heﬁomZn); is needed. To this endpa comorehensive
analysis, and the details of electrochemical phenomena inSideéngdel fror?w Mishra et al[21] is adopted o pre;dict the F;)erfor-
cell were ignored. Two-dimensional modeling of transport ph mance of a PEM fuel cell operating on reformate feed. The model
nomena in PEM fuel cells was presented by Gurau ¢flél, Um

; considers a typical PEM fuel cell, where a polymer membrane is
etal.[17], Wang et al[18], You and Liu[19] and YOU[ZO.]‘ where placed between an anode and a cathode electrode to form a mem-
two phase flows in the fuel cell systems were also discussed.

e . brane electrode assemHIMEA). Two bipolar plates housing the
The performance of the.fu.el cglls can .be significantly improv w channel are used to clamp the MEA, as shown in Fig. 1. Thin
through model-based optimization studies. To the knowledg_e talyst layers exist between each of electrodes and the mem-
the authors, however, little effort has been made to systematicgliy, ¢ “referred to as the anode and cathode catalyst layer, respec-
determlne the optimum conditions for fuel cell systems. M|shra ﬁ(/ely. The cell is considered to be operating at steady state, and
al. [21] illustrated a methodology for model-based design angnce the primary aim of the study is to present a framework for
optimization of the operating parameters based on a comprehgRimization of cells using physics-based models, the discussion
sive parametric analysis on the various physical and electrochefiimited to a one-dimensional modeling in the direction along the
cell thickness. The modeling further includes the effects of carbon

—1C0rrespondmg author. monomde(C_O) poisoning of the catalysts_, as is prevalent in fuel
Manuscript received November 1, 2004; revision received January 7, 206€llS operating on a reformate feed, but is often neglected in fuel
Review conducted by: K. Reifsnider. cell modeling. In the electrode regions, since the viscous force and

Proton exchange membraEM) fuel cells are a promising
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