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Bottleneck of FC technology
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FC water transport principle
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Model assumptions

1. The gravity effect is neglected ;

2.  The gas mixture is an incompressible ideal gas;

3. The flow in the gas channel is laminar;

4.  The diffusion layer, catalyst layer and membrane are isotropic
and homogeneous, and the membrane is impermeable to gas
species;

5.  The contact resistance between any two parts in the fuel cell
IS neglected;

6. The dissolved reactive gas in electrolyte phase of catalyst
layer is neglected,;

7. Itis considered that water exits in the gas phase at the
electrodes as well as in the liquid phase within the
membrane. In channels, existence of liquid water is in a small
volume fraction and in finely dispersed droplets so that it
dose not affect the gas flow.
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Model equations

Continuity: V‘(PU) =S,
Momentum: %v-(pﬁﬁ):-vmvﬂsu
Species: V-(—DfﬁVCV)+V-(ugCi)=Si
Water in membrane: V-(%—DWVCW) =0
Energy: peu-VT +V-(-k,VT) =S,
Electron: V- (-c"va,)=8,

Proton: v.(_(;;ﬁ V‘Dm) ~_§

m



GDL CL, a CL, ¢ Membrane
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Source term for model equations
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Model geometry & mesh
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Model geometry: lanode flow channel, 2anode gas

diffusion layer, 3anode catalyst layer, 4membrane, 5

Cathode catalyst layer, 6 Cathode gas diffusion layer,
7 Cathode flow channel
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Y Model geometry: lanode flow channel,
2anode gas diffusion layer, 3membrane,
4Cathode gas diffusion layer, 5 Cathode

flow channel

PEMFC transient model

Mass conservation
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Model validation
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Alir stoichiometry change on PEMFC transient

Qu Shuguo, Li Xiaojin, etc., J Power Sources 185 (2008), 302-310




Reactant starvation under different
!'_ conditions
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Experiment study on water dynamic
transport

Alm: Study water transport
iIn  fuel cell under different
humidity on cell potential
and as model validation

Conditions:
Current: step from 0.05 to
2.5A
Air flow: parabolic pattern
22-110ml/min
Hydrogen flow: fixed
Humidity: 100%
62%

T PP 12
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Experiment results

For same relative
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L

Model geometry: lanode flow channel,

2anode gas diffusion layer, 3membrane,
4Cathode gas diffusion layer, 5 Cathode

flow channel

Model geometry
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membrane water content

Water content change at
membrane/electrode interface

RH=100% water content at RH=62%water content at
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2-D nonisothermal HT-PEMFC model

Continuity:  V-(pu)=S,
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Species distribution in HT-PEMFC
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!'_ Temperature distribution in HT-PEMFC

Surface: Temperature [E] Ex: 588,921
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Potential distribution in electrode and
membrane
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Conclusion

v'Modeled fuel cell transient characteristics using
COMSOL Multiphysics and the model result validated by
experiment;

v'Carried out fuel cell dynamic simulation using Comsol
and closer to real operation conditions;

v'Studied the effect of reactant transport and membrane
water transport on the PEMFC cell potential under
transient air flow and load change using COMSOL
Multiphysics;

v'Modeled the high temperature PEMFC based on
Nafion/SiO2 composite membrane using COMSOL
Multiphysics .
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