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Challenge

< Manycomplex coupled

phenomena Reaction: CO, H QA H,0, CO+ 2e
occur atmicro-scalewithin each -y — Flowin channels
MEA |ayel‘ - geometry
need to be considered Fuel channel \ —
S I mu Itan eous ly Anode ’ Zreecr:’iosg’lye?:igtry

< Stacks involvéens or even Electrolyte 4 <
Cathod 7
hundredsof such layers . \ Heat transfer

< SyStemand dynamIC o & . Species diffusion
considerationg further orders
of magnitude complication

< For optimal design need to
examinemany alternatives

Reaction: QO+ 4eA 20~
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Model supported data processing and FC
stack design
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Experimentation & data based validation,
MEA components developmenti-D model)

1-D distributed

: s elementary module
) of MEA

Detailed stack design
(3-D stack model or link with CFLC

kl Fuelbou
An
s .-
EEE Electrolyte 1-Ddistributions
Cathode

Airboundary | | |
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Stack performance, water management = Systems design and controL
deactivation, design decisionsD stack model) (2-D stack model)

© 2009 Process Systems Enterprise Limited



Step O¢ developing model components of MEA
and stack
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Step O¢ build models of MEA (SOFC) @

Available igPROMS

adz GALMzZNLIR 48 St Sy Sy dAdgaceyMarght §
Ay Q Ay 02 NlelmamMphénbnfesa | f Library for Fuel Cells

1. Build detailed 1ID model ofMEA

[SOFC and PEM]

Multicomponentdiffusion, H,, CO +26->HO, CQ+ 4e
CH, steam reforming and ‘ Heat consumption by

shift reaction \ —— /' chemical reactions
Fuel chann ’/ ( { Core unit for many

subsequent activitieg

Anode

Electrochemical Heat g_eneratlon due to

: entropic losses and &
activation overpotentials .
overpotential —* P

Reaction Cathode Heat generation due
to Ohmic losses AMLFC
Air channe’
/o \ Heat transfer
O, +4e->20¢ o
O% migration
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Step O¢ basics of the standard PEM Stack model

Bipolar plate anode side

Fuel channel

Electron conducting material AN - Anode gas diffusion layer
1 D) /
[ |

Pores for material transport E— -

\. ot Anode catalytic layer
) . NER L
Electron conducting material with catalyst —_ . v

/. .

lon conducting material Electrolyte

Vaporising water cooling
channel

Air cooling channel

I

N AN Cathode catalytic layer

Cathode gas diffusion layer

Air channel

Bipolar plate cathode side
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all model components 2D or 3D distribute

2D, 3D charge conservation balances in
GDLs and current collectors (bipolar plat

mass transport in GDLs and catalyst laye
modelled with MaxwetStefan kinetics for
multicomponentdiffusion with micrescale
convection

rigorous physics for electrolyte membran
swellingg swelling related to the local
across its thickness water uptake

agglomerate andbnomerfilm models in
cathode catalyst layer

capillary pressure induced liquid water
transport in GDLs and catalyst layers

water condensation in gas channels

propagation of catalyst deactivation ovel
the stack related to the local cumulative
oxygen throughput



Step Oc down to the detailsg energy generation sources

In cathode catalyst layer

Equations:
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ohmic loss associated with proton
migration in theionomerpart of
catalyst layer

entropy generated heat, Peltier
heating

latent heat of water condensation
or vaporisation in pores

ohmic loss associated with
electrons conduction in the carbor
part of catalyst layer

energy generation associated with
charge generation by reaction
underoverpotential¢ activation
heating



FCStack model

Energy conservatioqthe ultimate validation test of any @

Energy rate as electric power + energy
removed with cooling air + energy

/ removed with gases
\ Energy of combustion of consumed hydrogen
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