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Introduction

CH,OH in Heat in Airin

.- .-
Electro-chemistry (Bulter-Volmer Kinetics)

Electromigration/convection/diffusion _ @
Heat and mass transfer in porous media Electricity + Water
Vaporization/condensation out

Water and thermal management
Electron/proton conduction




@ Introduction

Influential Parameters

* Operation:
Cell Temperature, Packing Pressure, Contamination, ....
* Bipolar Plates-Fuel Channels:
Channel Pattern, Channel Width Ratio, Cross-Sectiona
Shape, Electric Conductivity, Thermal Conductiviy, ....
* Fuels Fed at Anode & Cathode:
Fuel Inlet Temperature, Inlet and Outlet Pressures, T
Composition, Humidity, ....
* Gas Diffusion Layers:
Characteristics of Porous Material, Thickness, Electric Conductivity, ....
* Catalyst Layers:
Characteristics of Porous Material, Pt Loading, Thickness, Electric
Conductivity, Electro-Chemical Characteristics, ....
* Membrane:
Characteristics of Porous Material, Thickness, Proton Conductivity,
Water Content, ....

(Graphite Plate)
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Introduction

Optimal Design
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Inverse Theory

Direct Problem (Forward Problem)

Causes
history
boundary conditions e
properties & coefficients
geometry




Inverse Theory

Inverse Problem (Backward Problem)

Effects

performance
thermal behavior
flow pattern
stress & strain




Inverse Theory




4

Structure of Optimizer Inverse Theory

Optimization unit Direct problem unit

Self-developed or commercia -
optimization code -

Grid generation
unit

Commercial
pre-processor



SCGM Method

Inverse Theory
Variables updated A™ =A'—B-&"
: : . oJ" § o n
Search direction & =—+7y, -&,
OA
Coniugate-gradient - i 0] n 5] n-1712
coefficient M = oA, OA,

Step size B =0.01~0.001

Source: Chang, M.H. and Cheng, C.H., A Simplified Conjugate-Gradient Method for Shape
|dentification Based on Thermal Data”, Numerical Heat Transfer B, 43, 489-507, 2003.



@ Optimizer with SCGM
| dentification of Heating Chipsin MCM Packages

Inverse Theory
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Optimizer with SCGM

_ _ _ Inverse Theory
Optimal Design for Heat Sink Modules
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Optimizer with SCGM

| dentification of Fouling Layer in Pipes

Inverse Theory
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PEM Fuel Cell

Why Numerical Simulation ? Modeling &
Experiments

* Modeling gives a sufficient amount of detailed
information that is not easily obtained by the
experiments.

* Modeling costs much lower.

* Modeling can be readily integrated with numerical
optimizer for design of fuel cells.



PEM Fuel Cell
Modeling &
Experiments




i PEM Fuel Cell
Transport Phenomena in PEMFC Modeling &
Experiments

Air/Oxygen
+Moisture

Anode Gas Flow

Gas Transport

Electrochemical Reaction
Proton Transport

Electron Conduction

Water Transport

Water Transport
Two Phase Flow

Heat Transfer (Conduction

A T A - o D

and Convection)

Hydrogen
+Moisture




PEM Fuel Cell

Physical Models of Single Cell Modeling &
Experiments
Along-the-channel ’ﬁg V.7

z

Membrane
Catalyst Layer GDL
Bipolar Plate

Y
Across-the-cell

Flow
Channel

Length

Models:

1-D: Y
Quasi 2-D: Y-Z
2-D: Y-Z, X-Y
3-D: X-Y-Z

Flow Channel Half-Cell/Full-Cell

Cathode

Cell Width



Two-Dimensional Single Cell PEM Fuel Cell
Modeling &
Full Model Experiments

c BC 12 b

Flow Channel




Two-Dimensional Single Cell PEM Fuel Cell
Modeling &

Full Model Experiments
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@ Three-Dimensional Single Cell PEl\l\/;I E“fl Ceil
Full Model (a) erime

Experiments
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Three-Dimensional Single Cell PEll\\/I/[ Eufl C%ICI
oaelin
Full Model (a) Experimgnts
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Three-Dimensional Single Cell PEM Fuel Cell
Modeling &
Full Model (b) Experiments
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@ Three-Dimensional Stac PEM Fuel Cell

Modeling &
Full Model Experiments
[ Jome
MGDL
[
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@ Three-Dimensional Stack PEl\l\/iI E“fl Ceil
oace ll’lg
Full Model Experiments
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PEM Fuel Cell
Optimization

Parametric Study — channel width fraction
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PEM Fuel Cell
Optimization

Parametric Study — channel depth
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PEM Fuel Cell
Optimization

Parametric Study — porosity of GDL
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PEM Fuel Cell
Optimization

Parametric Study — thickness of GDL
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PEM Fuel Cell
Optimization

Parametric Study — porosity of catalyst layer
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PEM Fuel Cell
Optimization

Parametric Study — volumetric fraction of Nafion loading
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@ 1. Geometrical Parameters PEM Fuel Cell
Optimization Optimization

Iterative Regularization Method

Designed variables: A, tcp;, b, ...
Objective function: J =1/(I x V) (minimized)
Direct Problem Solver: CFD ACE+

Sensitivity Analysis: Direct differentiation

Optimization Process: SCGM method
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@ 1. Geometrical Parameters PEM Fuel Cell
Optimization Optimization

PEM Fuel Cell Optimizer

Optimization unit Direct problem unit

Self-developed code

Commercia code
(SCGM method)

(CFD ACE+)

Grid generation
unit
Commercial
pre-processor
(CFD-RC
GEM)



@ 1. Geometrical Parameters PEM Fuel Cell
Optimization Optimization

Optimal Design
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1. Geometrical Parameters PEM Fuel Cell
Optimization Optimization
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@ 2. PEM Fuel Cell Channel Width PEM Fuel Cell

Optimization Optimization
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2. PEM Fuel Cell Channel Width PEM Fuel Cell
Optimization Optimization
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@ 3. Micro-reformer Channel Width
Optimization
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4. Non-destructive Method for PEM Fuel Cell
Determination of Internal Temperature Obtimizati
Distribution ptmization

Temperature prediction points at
ME A/carbon plate interface

(-7
()
\ i

Temperature measurement points
on outer surface of end plate

Surface temperature of end plate MEA/carbon temperature




4. Non-destructive Method for PEM Fuel Cell
Determination of Internal Temperature

Distribution Optimization

Teij =(Teij)ex + 01

TET h=Twim? o0)

h =10 W/(m2 °C)
(exact)

h =13 Wi(m?. °C)

Polynomial-function method [6] Present point-by-point method




@ 4. Non-destructive Method for PEM Fuel Cell
Determination of Internal Temperature

.. . Optimization
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Concluding
Remarks

Simulation

Experiment

|

|



Thank you !

Email: chcheng@mail.ncku.edu.tw

Website: http://www.iaa.ncku.edu.tw/~cheng/




