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Major components
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Stack design/engineering issues

« Uniform distribution of reactants to each cell
« Uniform distribution of reactants inside each cell
- Uniform temperature distribution in each cell

- Minimal resistive losses
- good electrical contacts
» selection of materials




Cell Resistance and Performance:

PEM Thickness Effects

HF RESISTANCE (ohm cm )

ﬁation ay

o
ff(
(%f\_Aé

L
', A
ki l5’aan'iil‘i'-‘=’ﬂh

Ay,

A10y% o™

Los

or CELL VOLTAGE (V)

1.0

Increasing

0.8 Membrane A
Thickness

0.6 ]

(Neat

04 L Oxygen i

' Cathodes)

0.2 7]

-]
0.0 Fg 3, TF69,109,74,117 Oxy 1 |

T T

0.0 0.5

2.0 2.5

CURRENT DENSITY (A/em ©)

PEFC Overview
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Cell resistance

ex-situ
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Resistance is a function of clamping force

contact resistance
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Cell resistance

> electronic

cell resistance
in-situ

(current interrupt

100-150 mQcm?

> ionic

40-60 mQcm?




example of pressure

contact resistance distribution
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Stack design/engineering issues

Uniform distribution of reactants to each cell
Uniform distribution of reactants inside each cell
Uniform temperature distribution in each cell
Minimal resistive losses
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Difference between single cell and stack

- Flow distribution

- Active area

- Temperature control (heating/cooling)
- Temperature distribution

- Compression/electrical contacts

- Leak paths
- Adjacent cell interference



Modeling:

Parameters and Processes (partial list)
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Overall: Mass Balance - Heat Balance

PEFC Overview

Membrane

- Water Content

- lonic Conductivity

- Water Diffusivity

- Electro-osmotic Drag
- Hydraulic Permeability

Electro-catalyst

- Exchange Current Density
- Tafel Slo p

- Roughness Factor

Catalyst Layer
C d ctivity
EI t ¢ Conductivity
- Gas Per m ability
- Reacta tS I ubility

- Capacitan

Gas Diffusion Layer

-G Cmp t

Fluid flow

Flow-Fields  Heat transfer
- Convec tion

Materials Science and Technolo ivision



Modeling as a design tool

« A model is approximation of the real world.
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Assumptions used in fuel cell modeling

m Concentration at the boundary is known

m Local current density is known
m Isothermal conditions
m Heat transfer by conduction in the gas phase in negligible

m Pressure is constant
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Truths and myths about
experimental and modeling work

When someone presents the modeling results no one
trusts those except the presenter/person who did the
modeling.

When someone presents the experimental results
everyone trusts those except the presenter/person
who performed the experiment.




Oxygen molar fraction
conventional flow field vs. interdigitated flow field

Oxygen mole fraction
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Current Density (A/lcm )

UNIVERSITY OF




Temperature (°C)
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Temperature profiles across the fuel cell
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Diagnostics as a design tool

materials
processes
interactions

= Polarization curve

= Current interrupt

fabricate

= AC impedance
= Pressure drop
= Polarization curve hysteresis

= Comparative polarization curves
= Current density mapping



Currentidensity mapping

Figure 1 Segmented current collector

i

Figure 2 Humidification map

Feed gases H;

Pressure 3 barg | 3 barg
Stoichiometry 15 2.5
Temperature 80°C
Voltage 500 mV
Membrane Nafion 117

Figure 3 Current Distribution Map

Figure 4 Current Distribution Map

M. Potter, S.Shaw, P. Adcock, and J. McGuirk, Loughborough University,
Computer Modelling of Solid Polymer Fuel Cells, 1998
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—e— Air flow rate 5.0 | min"* (5.5 X stoichiometry)

- = e "HFR at air flow 5.0 | min™' (5.5 X stoichiometry)
|| —™ Air flow rate 2.5 I min"' (2.9 X stoichiometry)
--8--HFR at air flow 2.5 | min™ (2.9 X stoichiometry)
*{ | —A— Air flow rate 1.3 | min"' (1.8 X stoichiometry)

— A~ -HFR at air flow 1.3 | min! (1.8 X stoichiometry)
—&— Air flow rate 0.6 | min"' (1.5 X stoichiometry)

- =* - “HFR at air flow 0.6 | min"(1.5 X stoichiometry)
| ——Air flow rate 0.05 | min™ (1 X stoichiometry)

Current density
mapping
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o Gonent Collecior a Fuel Cell, J. Appl. Electrochem., 1997
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Diagnostics as a design tool

» Polarization curve
= Current interrupt
= AC impedance

" Pressure drop

» Polarization curve hysteresis

= Comparative polarization curves
= Current density mapping

= Temperature mapping
* Flow visualization

= Neutron imaging

= Post-mortem analyses



Fuel Cell R&D Opportunities

Development of new membrane material
@Less expensive
@Retains water or does not rely on water for proton
conductance

@ Development of new (less expensive) catalyst
material

@ Effect of catalyst layer structure on fuel cell
performance

@ Engineering of catalyst layer structure
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Fuel Cell R&D Opportunities — cont. (2)

@ Investigation of surface quality and interface
conductivity

@ Better understanding of thermal effects inside the

fuel cell
otemperature distribution
@phase change

@ Design of fuel cell as a heat exchanger

@ Design of a humidifier/heat exchanger

@ Investigation of 2-phase flow characteristics
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Fuel Cell R&D Opportunities — cont. (3)

Understanding of fuel cell degradation/aging/failure
Development of methods for accelerated life-testing

Development of diagnostic methods and tools

@ Development of standardized methods for
characterization of fuel cell materials/subcomponents

(pre-installation & post mortem)

@ Development of advanced control algorithms
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