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The CD adapco Group in Short

The CD adapco Group is a global partnership of companies
specializing in CFD software as well as industrial computer
aided engineering (CAE) services. Our mission is to be a full
service provider of software tools and engineering services to
assist our clients in integrating virtual technology into their
overall engineering process.

Our main centers, adapco in New York and Computational
Dynamics Ltd in London are involved in the development of the
industrial CFD code, STAR-CD, as well as several innovative
new CFD codes and associated CAE tools. Over 400
experienced professional staff and CFD specialists are
employed, We have subsidiary offices providing local CFD
support, training and CFD/CAE consultancy and engineering
services throughout the world.




Established in 1980 - 1987

Global staff of 400 researchers
and engineers, 50% with PhD

- Development 30%

- Technical support and
engineering services 40%

- Sales and Marketing 20%
Computational Dynamics Ltd

- Head quarters in London

- 3 offices in Europe

- 1 office in USA
adapco

- 5 offices in USA
CD-adapco Japan

- 2 offices in Japan

- 1 office in China
CD-adapco France
CD-adapco Korea

Agents and distributors
throughout the rest of the world

Global user base of over 3000

Annual turnover of over
$40,000,000

Average annual growth of around
20%
Largest supplier of CFD

technology to the automotive
industry

Largest supplier of CFD
technology in Germany and
Japan

Second largest supplier of CFD
technology in the world

Group’s long-term aim is to
remain the best CFD technology
supplier on the market
- Recognizing the changing
needs of the industrial users
- Developing the best tools to

address the industrial users
needs




About adapco

Organization

CED Consulting Group providing flow and thermal analyses using
CFD tools and methods

FEA Consulting Group providing thermal, structural, and dynamic
analyses using FEA methods

Advanced Methods Development Group providing leading edge
analysis method development and solutions for multi-physics and
other challenging applications

Software Development Group providing general purpose and
application specific pre- and post-processing tools

Software Sales Group providing software licenses, training, and user
support for engineering software

adapco’s Quality System is certified as conforming to the ISO 9001
standard. Our certification extends to all five of adapco’s service groups.




adapco CFD Applications Group

adapco’s CFD Applications

Group provides World Class CFD Group Make-up
analysis support to New = Degrees in Mechanical or
Product Development and Aerospace Engineering with
Product Upgrade Design concentrations in CFD or
Teams Numerical Heat Transfer
= 60% Master’s Degrees, 30%
Support includes PhD, 10% Bachelor's Degrees
> Flow path performance = Members of the group have
evaluation and optimization an average of nine years
> Heat transfer analysis to experience in CFD with an
predict temperatures or average of five years at
provide Boundary Conditions adapco

for FEA analyses

» Specialty applications such as
reacting, fluid-solid
interaction, and two-phase
flows




ENGINSOFT

» FRONTIER (optimization)
FLOWMASTER International

» FLOWMASTER (1D/3D coupling)
Gamma Technology

» GT-Power (1D/3D coupling)
INTES

» PERMAS (fluids structures interaction)
LMS International

» SYSNOISE (aeroacoustics)
Collins and Aikman

» COMET ACOUSTICS
Reaction Design

» CHEMKIN (complex chemistry)
Siemens Axiva

» MiXpert (mixing vessels simulation)




Imperial College
» General CFD technology
U Hamburg-Harburg
» Marine hydrodynamics
U Karlsruhe
> Aeroacoustics
Penn State University
> Aeroacoustics
U Leeds
» Combustion technology
UMIST
» Turbulence modeling technology
RWTH-Aachen
» Combustion technology
TU Berlin
» Turbulence modeling, aeroacoustics
U South Carolina
> PEM Fuel cell technology
U Stanford
» Turbulence modeling technology
U Wisconsin
» Combustion technology
U Nevada Las Vegas
» Surface chemistry technology




Transient
Compressible

Analysis Functionality

Steady State
Incompressible

Design
Engineer

R&D Engineer

Development
Engineer

po
-

STAR-CD /HPC
Comet

es-tools

Comet-Works
STAR/ProE

One specie
Single phase

k-¢ turbulence

model

Analysis Sophistication

Multiple species
Multiphase
Advanced turbulence
models

Stiff chemistry




Easy to use and learn and graphical use 'f
interface s

- Both general and application specific ==
Flexible CAD interface and CAD/CAE o
integration e

- Including surface cleaning and repair b
- Code coupling
Automatic meshing
- Both general and application specific
Complete mesh handling flexibility
- Any cell shape or grid structure
- Any mesh movement
State of the art numerics and solvers
- Stability and accuracy
- Speed and efficiency
Extensive physics modeling capability
- Both general and knowledge based tuning
Utilization of latest computer technology
- Hardware optimization
- Parallel processing
Advanced analysis and post-processing tools

- Innovative data processing and
visualization

Technical support and know-how

- Knowledgeable, experienced and industry
aware engineering team
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General solvers and CFD

analysis codes
» STAR-CD
» COMET
» Two new solvers under
development
General pre/post-processor GUI
» PROSTAR
CAD
> pro-surf
> pro-cad
Automatic Mesh Generation
» pro-am
Integration
» STAR/ProE
» STAR-Works
» COMET-Works

Ea-tools

Knowledge based expert
systems
— es-aero
— es-uhood
— es-aftertreatment
— es-pass
— es-ice
— es-brake
— es-turbo
— es-fsi
— es-pemfc




Samples of
PEM Fuel Cell GUI

C
<
=

©

il

c

)

=

™)

O

@)
@)

@)
Y

=

)

=

(p)

()

EE pemfc




C
<
=

©

il

c

)

=

™)

O

@)
@)

@)
Y

=

)

=

(p)

()

STAR

CDadapco
Group

Egnemﬁ:_

il - il

Fah Catrmr minm

davspss Gl

e Ay Mo

Furiarariie S DT
Frai Freceaeng

Duin wx - el
Lillle

Process-oriented GUI steps user through all needed set-
up and post processing for PEM analysis

es-pemfc Panel
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es-pemfc Documentation

Anode Options

Anode Side

1y Seloct Goometry Option

aerpentine Crannel Demo p—

aementine Channel Demn

29 b slraight Channel Demo
Cus lomised Reclangular Geuvinelry
Customized Sguare Geomotry

Lern User GAd Suppled

Width it ' Dir frm Rl Rl

Thlckness In £ DlF (rrm 0,05 2

Included in GUI are two complete demonstration analyses with realistic input, user
defined rectangular or square geometry with auto mesh generation, plus flexibility
to import complex grids generated by user by other means
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Mesh generation example for
Serpentine Demo analysis
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Construct Anode Side Mesh
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Facility to import user

supplied grid, restructure

mesh, and convert to cell
types required by PEM

Subroutines
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Material Property
specification with
realistic defaults
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with realistic defaults

o Por OS' ty Porosity specification
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Automatic set-up of
scalars needed by PEM
Subroutines for

electrochemistry
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Model Summary

Summary panel to quickly
check cell types and
material properties
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Custom Post-processing
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Predicting Water and Current Distribution of
a Commercial-size PEMFC
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ODbjectives

* Model the performance of an 480-cm?
patented automotive flow-field under
humidified and dry cathode conditions

o Examine water and current distributions for
the two cases and determine causes of the
performance differences

* Report the metrics for problem solutions

University of South Carolina —%:

Center for Fuel Cdlls :uz".]:_:



@ 480-cm? PEM FC components used for computational analysis
(J. A. Rock, U.S. Patent # 6,099,98)

/ Flow-field patter n(Co-flow)
/

University of South Carolina %
Center for Fuel Cells LAl



Meshing and geometry details
Trimmed cell mesh
—— >

Anode flow channel

Anode GDL
MEA

Cross-section view | =) Cathode GDL
e

Cathode flow channel

Geometry detail
*Total cell =4,951,440. Number of channel = 10. Number of pass= 5. Channel length = ~120 cm.

*MEA thickness (membranetcatalyst layers) = 0.050 mm. GDL thickness = 0.250 mm
(permeability = 1E-12 m? with 0.7 por osity).
*Flow channel area = ~1.1 mm?, Reaction Area = 480 cm?.

University of South Carolina

=
Center for Fuel Cells Il



Computational Procedure

e Computations were carried out in parallel on a
Linux Cluster

e A commercia version of STAR-CD with
Integrated PEM FC electrochemistry subroutines
was used for the calculations

 MPICH was used for message passing between
the nodes

e The effect of the number of processors used on
calculation time was measured

University of South Carolina &
Center for Fuel Cells



Condition of Interested

Normal condition:
1.2/2.0 stoich, 40%H./Air
«70°C/70°C anode/cathode dew point temperature
(i.e 100% relative humidity both anode and cathode)
*70°C cell temperature
101 kPa back pressure

«Cathode By-pass (Cathode bypasses humidifier):
«1.2/2.0 stoich, 40%H./Air
+70°C/by-pass anode/cathode dew point temperature
(i.e 100% relative humidity annode, 0% relative humidity
cathode)
*70°C cell temperature
101 kPa back pressure
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i

University of South Carolina
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@ Velocity vectors, velocity magnitudes, and residuals plotsfor anode and cathode
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Group
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Cathode flow channel

Anode residuals
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Cathode residuals
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o

CPU Time -Without Message
Passing

Iterations per Hour
H o
o o

20 -
" Elapsed Time - With Message
Passing
O T T T T T
5 10 15 20 25 30 35

Number of Processors
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h-4l0| ar | zation curvesfor PEM fudl cell.
Tcel =70°C, Pressure(A/C) = 1/1 bar, Stoic.= 1.2/2.0)

1.0

Voltage (V)

o
o

0.4

Humid - 70°C Cathode Dew point

/

/

Dry - Bypass Cathode Humidifier

0.4 0.6 0.8 1

Current density (A/cmz)

University of South Carolina
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L ocal current density (A/cm?) distribution on MEA surface
at 1., of 0.6 mA/cm? between Normal case and Cathode by-pass case

avg
Wn 11 ' | 09700
‘ l 09186
08671

04157
0.7643
0.7129
06614
06100
05586
05071
04557
| 04043
0.3529
0.3014

| if!

| it || ottt i L -&- i - A— et 0.2300
Normal case Cathode by-pass case

IaMg = 0.6 A/cm?, Vcell = 0.59V Ia\,g =0.6 A/cm?, Vcell = 0.57V

®

COsdspco
Group
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‘f@ Net water flux per proton (o) distribution on MEA surface
T at 1, of 0.6 mA/cm? between Nor mal case and Cathode by-pass case

avg
0.3000

I 06529

04857

0.2786
0.7143E-01
-3
-0.3423
-0.3300
-0730
-1.3643

e ™ R ., il s . il = " s ——— Il el l' -iH
Normal case Cathode by-pass case

OLayg = -0.13, Veell = 0.59V 0Ly = -0.0028, Veell = 0.57V

University of South Carolina
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@ Water content (L) distribution on MEA surface
T at 1, of 0.6 mA/cm? between Nor mal case and Cathode by-pass case

avg

110 | | 1100 N oA . 11y
] et 115 o | ol | 1| --Il- A 1!

Normal case Cathode bv—passcase
ka,g =8.6, Vcdl = 0.59v ka,g =5.9, Vcdl =057V

University of South Carolina & &
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‘f@ Membrane conductivity (§m) distribution on M EA surface
T at |,,, of 0.6 mA/cm? between Normal case and Cathode by-pass case

T TTanl T ot T Inennlinnanlinnant innnal innan 1145

I 10,81

1017

9932

|‘ 3893

‘l | 1254

- 1614

6374

I‘ b330

2 636

257

4418

3774

3133

e | || e || || .J -!L1 '.L.m*.—-.l.ﬁ.u. .—-—.l p= - 2000
Normal case Cathode by-pass case
Cavg = 6.89, Vcell = 0.59V Cayg = 4.60, Vcell = 0.57V
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Cathode over-potential (V) distribution on MEA surface
at 1. of 0.6 mA/cm? between Normal case and Cathode by-pass case

04230
04104
03957
0.3811
01,3664
0.3914
0.3371
0.3225

0.3079

0.2346

Normal case Cathode by-pass case

nOZ'a\/g = 028; Vce“ = 059V nOZ,avg = 024, VCG” = 057V

University of South Carolina
Center for Fuel Cells
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Liquid water fraction distribution on cathode M EA surface
at 1., of 0.6 mA/cm? between Normal case and Cathode by-pass case

avg

0.2300
02321

02143

0.6929E-1
0.7143E-0
0.5357E-0
0.3571E-1
(.1 786E-01
\ | 1|8 'S P -01118E-07

.Nor.mal ca-tse . Cat.hode by-pass case
CWan =0.02, Vcdl = 0.59v CWan =0.008, Vcdl =0.57v

1
1
1
1
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@ Temperature (K) distribution on anode M EA surface

o at |,,, of 0.6 mA/cm? between Nor mal case and Cathode by-pass case

030
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Nor mall case - Cathode b'v'-pass case '
Tag =349, Vel = 0.59v Tavg =349, Vcel =0.57V
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@ Relative Pressure (Pa) distribution on anode flow channel
D at 1., of 0.6 mA/cm? between Normal case and Cathode by-pass case

avg

G000

nnnueoanunnaninnninean Eomnnnnannouioannninnonannnn -
.55?1.
2143,

4714,
4246
agat.
3423,
a00o.
2are.

2143,
1715,

1246
Gary

s o

l- 'J L 0.7001
Normal case Cathode by-pass case
AP =6079 Pa, Vcdl = 0.59V AP =5760 Pa, Vcdl = 0.57V
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@ Relative Pressure (Pa) distribution on cathode flow channel
D at |, 0of 0.6 mA/cm? between Normal case and Cathode by-pass case

0.1362E+03

0NBRE L WNRRE D (1 ARNRETY 1R 1 {1 AR Imzaaaua
0.1167E+03
0.1070E+03
372,
4756,
1763,
BT,
dliKil
il
3632,
2520,
1947,
740

UL | CUGT | CUUU] CULU| TUUD||CU

Normal case Cathode by-pass case
AP = 13618 Pa, Vcell = 0.59V AP =9632 Pa, Vcell =0.57V
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mmary

» Using similar membrane parameters, results
were obtained for awell hydrated and dry
membrane conditions.

e Polarization data for the two cdlls were ssmilar,
but distributions of electrochemical variables
were different

e Membrane Water Content and thus Membrane
Conductivity were lower in the dry case

e Cathode Overpotential was lower for the dry case
due to the very low concentration of liquid water

University of South Carolina &
Center for Fuel Cells



onclusions

* The performance of the dry cell islower, but
not significantly lower

e The decrease in Cathode Overpotential in the
dry case nearly compensated for the lower
Membrane Conductivity

e The lower pressure drop in the cathode bypass
case makes the flow-field better suited for
automotive applications

University of South Carolina —%{

Center for Fuel Cdlls :uz".]:_:
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