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Objectivej
 Develop a three-dimensional mathematical

d l d ibi th t t h dmodel describing the transport phenomena and
conjugated water and heat management in a
PEMFCPEMFC.

 Numerically investigate the gas-liquid interface Numerically investigate the gas liquid interface
location by effects of the GDL porosity, cathode
humidification, humidification temperature, and, p ,
cell temperature.
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Mathematical Modelingg
 Physical domain
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Mathematical Modelingg
 Assumptions

 The system operates in a steady state The system operates in a steady state.

 The gas mixtures at the anode and cathode are  
ideal gases.g

 The mixture flow field is laminar as its velocity is 
low under normal operating conditions.

 The properties of the porous medium are isotropic 
and homogeneous.

 Thermodynamic and electrochemical properties of
the gases and the solid materials of the fuel cell
components are assumed constant
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Mathematical Modelingg
 Governing equations
 Mass conservation Mass conservation
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Mathematical Modelingg
 Species conservation
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 Energy equation
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Mathematical Modelingg
 Charge conservation

• For electrons • For protons• For electrons

( ) 0=+∇⋅∇
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Mathematical Modelingg
 Liquid water transport
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Mathematical Modelingg
 Boundary conditions

• Inlet boundary
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• Outlet boundary 
Neumann conditions 
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Mathematical Modelingg
• Wall

No-slip conditionsNo slip conditions 

• Symmetric boundary

• Electronic Phase potential 
boundary

Anode BP

Anode 
Channel

Anode BP

Anode 
Channel

platebipolaranodeate




= 0φ
Cathode GDL

Cathode CL
Membrane
Anode CL

Anode GDL

Cathode GDL

Cathode CL
Membrane
Anode CL

Anode GDL

platebipolar
otherwise
cathodeat

y
e

celle









=
∂
∂

=

0φ
ηφ

Cathode BP

Cathode 
Channel

Cathode GDL

Y
Z

Cathode BP

Cathode 
Channel

Cathode GDL

Y
Z

Copyright 2009 ITRI 工業技術研究院 14

y
XX



Mathematical Modelingg
 Geometrical and operating parametersand operating parameters

Quantity Value

0.381 mmShoulder width

0.762 / 0.762 mmGas channel depth/width

0.01 mmCatalyst layer thickness

0.3 mmGDL thickness

1.534 / 71.12 mmFuel cell height/length

0.03 mmMembrane thickness

1 / 1 atmAnode/cathode pressure

1.5 / 3                        Stoichiometry, at     /     at 1.0 2/ cmAaξ cξ
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0.4 / 0.4                     Porosity of diffusion and catalyst layers



Mathematical Modelingg

0 28Porosity of membrane

Quantity Value
0.28                                       Porosity of membrane

Permeability of membrane

Permeability of diffusion and catalyst layers 1.76 x 10-11/ 1.76 x 10-11   m2

1.8 x 10-18   m2

0.5 / 1.5                                 Transfer coefficient at anode/cathode

100   s-1Condensation rate constant

y

3Tortuosity of the membrane

100   atm-1s-1Evaporation rate constant

1.5                                         Tortuosity of the diffusion and catalyst layers

3                                            Tortuosity of the membrane

0.0625   Nm-1Surface tension , ζ
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Modeling Validationg
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Results and Discussion
 Effects of GDL porosity
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Results and Discussion
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Results and Discussion
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Results and Discussion
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Results and Discussion

1

 Effects of cathode humidification
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The polarization curves at various cathode humidifications



Results and Discussion
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Results and Discussion
 Eff t f ll ti lt Effects of cell operating voltage
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Results and Discussion
1.2

 Effects of temperature
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Results and Discussion
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Results and Discussion
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The polarization curves at V  0.7V and RHca  RHan 100% 
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Results and Discussion
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Conclusions
 Comprehensive investigations of the transport phenomena

in PEMFCs with three dimensional multi component andin PEMFCs with three-dimensional, multi-component and
two-phase are achieved by using the multi-physics
modeling and CFD algorithm.g g

 The developed model is successfully adopted to study the
cell performance and electrochemical reaction subjected
to various water and thermal operating schemes.
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Conclusions
 The location of gas–liquid interface is affected by cathode

h midification GDL porosit operating oltage andhumidification, GDL porosity, operating voltage, and
temperature.

 The cell performance is affected by the gas–liquid interface.

 Proper cathode humidification level improves concentration

 As the condensed water in the pores of the porous media

Proper cathode humidification level improves concentration
polarization at  high reaction rate.

 As the condensed water in the pores of the porous media
blocks the transport of fuel gas, the cell performance and
power density decrease.
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Conclusions
 The diffusion transport of the reactant gas to the cathode

catalyst layer and the production of water via the gascatalyst layer and the production of water via the gas
diffusion layer to the flow channel increases with increasing
the GDL porosity. 

 The cell performance is influenced by the operating
temperature

p y

temperature. 

 As the anode and cathode humidification temperatures
are equal to or higher than the cell temperature, the gas-
liquid interface moves toward the flow channel inlet as
the temperature is decreased
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the temperature is decreased. 
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