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Multi-scale Modeling of PEFCs

Mathematical modeling of polymer electrolyte fuel cells on different

length scales enables a better understanding

optimization of the complex processes involved. We report some recent

improvements for a more appropriate treatment

properties in the multi-scale models. The relationship between

and a systematical

of the microstructure

microstructure properties and effective transport properties of the
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Introduction

* Accurate numerical models are needed for development and
optimization of PEFCs.

* Models working at different length scales have to be combined to
accurately describe the multiscale physics present in PEFCs.

* Results from small scale models are used for the parametrization
of the next scale and results from the large scale models are used
to improve the lower scale processes to optimize the cell
performance.

* The novel concept of the thermo-neutral fuel cell operation with
patterned GDL [1] is e.g. modelled on the small area cell scale.

» Recent achievements in this ongoing work are presented in
the following.

Pore-scale: Microstructure-property
relationships in a GDL

* Improvements due to recent progress in tomography and 3D
image analysis showed that the following factors are more
suitable to capture the true microstructure influence than the
conventional Bruggemann approach .
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* The influence of these two structure factors and of the
porosity on the transport properties can be summarized to
a single structure factor called M-factor [2]. Therewith, the
effective diffusivity, permeability and conductivity can be
determined.

M-factor  permeability conductivity

81'15 30.37

dirgction® |
—

*ln contrast the MIP-method

T —
, kK= — M Oerf = Oo M
T4.39
Short range effect (SRE)
C_on)tinuousl"or_eSize Distributiqn (’cPSD) ‘ .
g Ay @ e 1@ cThe cPSD  method mainly
3 R AT B glei|  captures the size of larger pores
g "Tral:j/l;r(;:erylntrusn Porg\imth/(MIP-PSD) (pore bU|9€S)

M

100
90
x 80

@ 70
= 45 4
£

2 60
° i

>
50
g 40
§ 30
(1]
5 20

g 10
(=)

Fig 2: Illustration of continuous phase
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simulates a pressure-induced
intrusion of a non-wetting fluid.

* For layers which are thicker than
the critical intrusion depth (CID),
we observe a breakthrough event
at a critical injection pressure.

* For thin layers below the critical
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size distribution (cPSD) and simulated intrusion depth (ClD)I the
mercury intrusion porosimetry (MIP- breakthrough event is not as
PSD) for a virtual isotropic 2D-pore
structure. pronounced as for the bulk
material: we observe a short
range effect (SRE) .
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Determine the effective
transport properties of the
porous layers

Study the basic physics of
PEFC’s.
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Methods: X-Ray tomography,
3D-image analysis of the
microstructures, GeoDict,
Monte Carlo algorithms

Methods: 1D FEM analysis
(Comsol, Matlab,
Mathematica, C-code)

Fig 1: Schematics of multi-scale simulation.

* This SRE results in a water saturation gradient, as can be
seen in the Tomography images from PSI2 in Fig 3.
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Fig 3: Water injection into the GDL (Tomography image from PSI?.)

MEA-model: Influence of a water
saturation gradient

- > * The short range effects (SRE) results in a gradient in the GDL

water saturation, which cannot be captured appropriately with
the commonly used macro-homogeneous models for the
water distribution.

* We therefore implemented a MEA model representing the

saturation gradient (Fig 4) and its influence on the gas
diffusivity (M-factor, Fig 5).

* A fundamentally different behavior is found for the liquid

water and water vapor fluxes throughout the GDL using local
properties in comparison with the model not accounting for
the saturation gradient, using averaged properties only (Fig 6).
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Fig 4: Water saturation along the GDL.
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Fig 5: M-Factor along the GDL.
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Fig 6: Liquid water flux (j.) and water vapor flux (j, ) along the GDL.
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porous layers were studied on the pore-scale and implemented in a
macro-homogeneous model of the membrane electrode assembly
respecting also the effect of the liquid water saturation gradients.
Moreover, a model for the interface between the gas diffusion layer
(GDL) and the channel has been developed.

* Membrane electrode * Small area cell- — Large area cell and -

* assembly (MEA) models *

scale models * cell-stack models I

Study the reactant species
concentration along the cell and
the species supply of the cell-
stack. Dynamic stack simulation.

Study the effects of channel,
ribs and regions with different
wettabilities

Liquid water saturation [1]
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Methods: 2D+1D FEM-analysis
(NM-SESES), 3D+0D FV-analysis
(ANSYS Fluent), transient network
models (Matlab/ Simulink)

Methods: 3D FEM analysis
(Comsol, Matlab)

MEA-model: Interface Model GDL/
Channel

* The interfaces between the different layers often play a
dominant role because of the thinness of the layers.

* At the interface between the GDL and the channel, water
droplets are formed at the hydrophobic surface of the GDL.
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Fig 7: Idealized droplet forming at the GDL/channel interface
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* To form the droplet, a sufficient =«
interface pressure is needed
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instantaneous droplet radius. Fig 8: Capillary pressure during drop formation.

Expected Impact

Fuel cell technology is at the threshold of commercialization in
the automotive industry. Therefore, reliable models on every
length scale are needed for an optimization towards higher
efficiency, energy density and reliability. Pore-scale models
enable the systematic optimization of the porous materials.
Models on the cell scale provide a fundamental understanding
of the physics involved and stack models allow the study of the
whole fuel cell system and its embedding in the vehicle. With
our models, we support the market entry of the clean fuel cell
technology into automotive applications.
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