Dynamic Modeling and Control

A collaboration between Control group (F.
Jabbari) and Dynamics Modeling Program
of NFCRC (J. Brouwer, ...)

o Students.

— Jonathan Mason
— Trevor Orr



Challenge

e High fidelity dynamic models for design of
reliable distributed power generation

o Spatial resolutions, thermal effects in stacks



Research Goals

* Develop capabilitiesfor
— Fundamental understanding of FC dynamic
response/operations

— Developing control methods for performance



Status

« SIMULINK environment

e Man assumptions. quasi-steady state
electro-chemical (e.g., no intermediate
Species, etc)

* No turbulence! Focus on the the essential

FC features (Nerst, voltage losses, species
concentrations and momentum)



Nodal Layout of Model
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Nodal Layout of Model: A Closer Look

Total 10 cells
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Schematic of a Single Node
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Sub Nodal Components ( Anode, Cathode,
Electrolyte, etc)
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Anode
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MODELING EQUATIONS

For species conservation:

For momentum conservation:
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()
dt

Voltage Losses:
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Anode Equations
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Challenges

e Heat transfer (energy) terms —relatively
sow time scales

 Doweredly need it?
— The "non-minimum phase’ property
— How and where does it show up
— What does it do?
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Model | o

e Based on experimental fits:
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Validation
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