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Mentat-FC:

Graphical User Interface
for flexible finite element
model generation.

» SOFC-MP:

Finite element based
electrochemistry, flow
and heat transfer
solution.

» MSC.Marc:

Finite element stress

analysis with
temperatures from
SOFC-MP.

Battelie

Solution Flow

MENTAT-FC MODEL GENERATION

Model Dimensions
Boundary Conditions
Material Properties
Fuel Cell Operating Parameters

SOFC-MP™
FUEL CELL ELECTROCHEMICAL, FLOW,
AND HEAT TRANSFER ANALYSIS

MSC-MARC

Thermal/Structural Analysis

MENTAT-FC RESULTS VIEWER

Stresses
Deformations

Temperatures
Gas Species

Pacific Northwest National Laboratory
U.5. Department of Energy 2



MSC,

cathode_spacer

ahode_spacer

picture_framme

electrolyte

cathode

pen_seal

Parametric

*Fixed SOFC designs

*Meshed from dimensional parameters
*Used for parametric design studies

Battelle

Mentat-FC:
Parametric and CAD based Models

el_cathnde _spacer

el_cathode_seal

el_anode_spacer

el_pleture_frame
el_electrahyie

el_cathode

el_pen_scal

CAD Based

*Meshed from user CAD files
*Accepts existing FE meshes
*Quick generation of very complex models

Pacific Northwest National Laboratory
U.5. Department of Energy 3



Finite element grid
meshed from CAD
volumes.

» Generic ACIS file
format used.

» Layers identified by

name.
» Material properties
assigned to

components from
the database.

» Contact and
boundary conditions
are defined.

Battelie
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entat-FC: Model Generation
from CAD Geometries
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Mesh Generated from CAD

67,919 Nodes

t of Energy 5

30,629 elements
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Generic Model Regions are
Defined for Meshing

» Required Regions - define bounds of the
electrochemical and flow calculations:

e PEN layers = Anode, Electrolyte, Cathode.
e Fuel = Inlet, Outlet, Anode flow channel.
e Air = Inlet, Outlet, Cathode flow channel.
e Separator plates.
> Additional Regions — define the PEN Support

Structure = components making up the manifolds,
seals, and structure around the PEN.

e Anode and Cathode spacers.
e PEN support frame.
e Seals.

Pacific Morthwest National Laboratory

Battelle U.S. Department of Energy 6



Material Data and
ectrochemical Parameters

Material data base for thermal, electrical, and
structural properties is included for:

e Metallic interlayers and support plates
e Seals,
e Anode, electrolyte, and cathode layers

» Electrochemistry parameters
e |-V relationships

e Fuel and Air composition and flow rates.
e Startup conditions

Pacific Northwest National Laboratory

Battelle U.5. Department of Energy 7



Features of SOFC-MP

» Generic fuel and oxidants can be simulated.
NASA’s CEA code used for chemical equilibrium
and species calculations.

» Finite element based flow, temperature and
electrochemistry calculations. Thermal and
structural solutions use the same mesh.

» Reduced dimensional analysis for fast flow
solution.

» Contact algorithms treat incompatible meshes for
contacting solids with different surface profiles.

Pacific Morthwest National Laboratory

Battelle U.S. Department of Energy 8



duced Dimensional Approach for Fast
Approximate Solutions

Reduced Analysis

» Electrochemistry — 1D through thickness of the
PEN

> Flow

e Manifolds — Use an analytical pipe flow approximation

e Channels across Cell — 2D with hydraulic approximation
for varying channel height.

» Temperature — 3D for solids, 2D in flow domains.
Full 3D Analysis
» Stress and Distortion — 3D in solids.

Pacific Morthwest National Laboratory

Batielle U.S. Department of Energy 9



Solution Performance

Algorithms are efficient for rapid analysis and
extension to transient thermal-mechanical analysis.

» Single cell examples on a single processor
(Memory~1.5 Gb)
e Mentat-FC Mesh generation ~ 15 min.
e SOFC-MP solution ~20 min.
e MSC.Marc stress solution ~ 3 min.

» Coarse stack models with up to 3 cells have been
run on the PC.

» Significant multi-cell analysis requires parallel
processing for:
e Increased memory

e Reduced compute time.

Pacific Morthwest National Laboratory

Batielle U.5. Department of Energy 10



Required Additional
Components Components
Separator Plate Anode Seal
— Blank
Fuel Flow Anode Spacer
Anode Picture Frame
Electrolyte Pen Seal
Cathode Cathode Seal
Air Flow Cathode Spacer

Separator Plate

Fuel In

Fuel Out

Air In

Air Out

Battelle

i

enerating a Model from CAD files

=

Separator Plate [C

s

D)<
U
b
O (] Anode Spacer
%%% @ Anode Seal
H‘“‘*‘E"Separator Plate

Pacific Northwest National Laboratory
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Importing Existing FE Meshes

User provides meshes
Identified for individual
components.

» Can mix and match with CAD
generated components.

» Fuel and Air cavities must also
be meshed.

» Incompatible meshes are
allowed through contact.

» Hex v.s. tetrahedral elements

e Hex and wedge elements give
smaller mesh and more accurate
stresses in solid layers.

e Tetrahedral mesh is sufficient for
mapping temperatures in fuel and
air.

Example ANSYS mesh read into Marc

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 12



Starting Mentat-FC

Mentat-FC Solid Oxide Fuel Cell Analysis Program

MSC X SOFTWARE

SIMULATING REALITY

Pacific Northwest v
Operated by Battelle for the «?ﬂ;
U.S. Department of Energy 4

SECA National Laboratory &Tfm

Paramel tric-SOFE Allowis for inout of parametric dimensions for SOFC
CAD Input SOFC Allows for input of generic CADIFEA files

Pacific Northwest National Laboratory

Batielle U.5. Department of Energy 13



The CAD Opening Menu

i MSC.Marc Mentat 2005 {32bit) (DpenGL): model2

FUEL CELL MAIM MEML

No. of cells in stack

GEOMETRY SETUP
MUJMBER OF CELL 5
MODEL REFINEMENT

GEQMETRY FILE SFECIFICATION
Model

Generation

B S0 LIOvED SELECT MODEL REFINEMENT
APPLY PRELIMINAFRY THERMAL BC

GEMERATE STALK.
APPLY STRUCTURAL BC

BMA TUF

[ RELATION T afelirk.ar
EC OPERATION Maone
E C Cel | OHMIC POLAR k
Performanc i

RUM MODEL
POST FRO

MAIN MEMTAT

SELECT
RETURM FUEL CELL MAIM




GEOMETRY SETUP
MIMBER OF CELL 5T. Component:
MODEL REFIMEMEMT Coarse aeile
GEOMETRY FILE SPECIFICATION
BUILD 30 MODEL
APPLY PRELIMINARY THERMAL BC
GEMERATE 5
TRUCTURAL BC

separator

fuel_in
fuiel_out
ETUF fugl_flaw
RELATIOM af ; air_in
EC OFERATION Mane air_out
OHMIC POLS 10M ail_flovi
10k POLARIZATION

RUM MODEL

M MENTAT

SELECT
RETLRM FIUEL CELL kAt

CAD file specification

T TET P F I
Required PML FUEL CELL INPUT - MAIOR COMPOMENTS

File:
|D:a’pnnl.-’phase&’phaseZ_working_directorya’test_installa’ANDDE‘I SaT

|D:.-’pnnl.n’phase2a’phaseZ_working_director}la’test_installa’EATHDDE1 SAT

|D:x’pnnl.-"phasez"phase2_w0rking_director_l,u’test_installx’E LECTROLYTET.SAT

|D:a’pnnl.-’phaseﬂphaseZ_working_directorya’test_installfSEF'.QF!ATDH PLATET.SAT

separator_blank |D:.-’pnnl.n’phase2a’phaseZ_working_directorya’test_installa’SEF'AF!ATCIH PLATE BLAME1.SAT

|D:Jpnnl.-"phasel"phase2_working_director_l,u’test_installx’fuel il .5AT

|D:a’pnnl.-’phaseﬂphaseZ_working_directorya’test_installa’fuel outl SaT

|D:.-’pnnl.n’phase2a’phaseZ_working_directowa’test_installa’KIJmod-fuel flawd SAT

ID:.-"pnnl.-"phase2.-"phase2_w0rking_director_l,l.-"test_install.-"ail in1.5AT

|D:a’pnnl.-’phaseﬂphaseZ_working_directorya’test_installa’ail outl SAT

|D:.-’pnnl.n’phase2a’phase2_w0rking_directorya’test_installa’ail Flowal . SAT

Specify number of additional components : IB

file select
file select
file selact
file select
file select
file selact
file select
file select
file select
file select

file select

Extrudable?

i

el

a < A O«

Specify scale factor to convert input geometry to m units {default=1.0);: [0

Ok

Aalelil inral Canmynsent Gevee] ry Files, Tnpt

Additional PHL FUEL CELL INFUT - ADDITIONAL COMPOMENTS |6 ]

il

Fulcianal Component 1 |L' Sk phasedphared_widang_deeclorsesl_nslal SHODE SRALERT.ZAT b b
Adciional Componend 2 |1 Aprndphasn M phane?_weborg_deecloeAesl_redallSHODE SEALT SAT tie ared
Addesona Componert 3 |I:l Jpenliphasediphaned working drecioepfes_nslal CATHODE SPACERT CAT e beci
Addiional Component 4 |D Jprnbiphasadphaiel woding drecioonies nstsl CATHODE SCALY SAT Fle ebect
Addeionsl Component 5 |I:' Jernkiphasalphaied_wodang_ dreciosnecl_nstalPLM SLALLSAT fe gbact
Adclinal Component b [0 fpredfphase 2 phone?_sasbosg_ dreclig Ansl_sedal Prchoek Lame] 561 e s |

e

E

it

q 9

4 B |

T

:

I aterial

anode

cathode

electralyte

33-430

35-430

.

[*)

o

Scale

Factor

=1

=l

EJ]
sd
13430

e-d 3

x|



Major Component Geometry Files Input

PHL FUEL CELL INPUT - MAJOR COMPOMENTS

Component: File:

anode |D -/prnl/phase2/phazed_working_directory/test_install/AMODET.SAT

cathode |D -/prnl/phasez/phazed_working_directory/test_instal /CATHODE1.SAT
electolyte |D -/prnl/phase2/phazed_working_directory/test_instal /ELECTROLYTE1.SAT
separator ID /prnliphaze2/phases_working_directon/test_instal/SEPARATOR PLATET.SAT

zeparator_blank. |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"sEF'AF!ATDH FLATE BLAMEK1.SAT

fuel_in |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"fuel inl.SAT

fuel_out |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"fuel out] SAT
fuel_flow |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"KIJ mod-fuel flow] SAT
air_in |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"air inl.5AT

air_out |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"air out] SAT

air_flow |D:.-"pnnI.-"pha392.-"phaseZ_w0rking_directory.-"test_install.-"air flowel SAT

—

Specify number of additional components :

Specify scale factor to convert input geometry to m uni

Extruded = surface mesh
extruded through thickness

Non-extruded = Tetrahedral
meshing of air and fuel solids

{default=1.0): [0

Extrudable?

v
file select v
file select v
file select v
file select v
file select
file select v
file select Il
file select v
file select v
file select Il

el

b

x|

I aterial

anode
cathode
electralyte
33-430
33-430
fuel
fuel
fuel
air
air

air

R ol 3=

D file specification (continued)

2l x|

| air Flowl, SAT

=] air in1,54T

=] air out1,54T

4] ANODE SEALLSAT
] ANODE SPACER1,5AT
] AMODE1,SAT

] CATHODE SEALLSAT
#] CATHODE SPACERT,SAT
] CATHODEL. SAT

S| ELECTROLYTED,SAT
] Fuel in1.54T

1

Fuel out1.54T

KIImad-Fuel flaw1, 54T
rientat.log

menkat, proc
mentat-Fu:.I:uat

modell rud

rnodel1.parm

modell _ec_thermal.dat
modell _thermal_stress,dat
modell _thermal _stress.log
modell _thermal_stress, ouk

rnodell _kher
rnodell _kher
modelz_ec_t
rnodel2_ther
PEM SEAL1.S
PictureFrame
E@ pnnl_tesk_Fil
SEPARATOR
SEPARATOR

i

File name: I

Files of ype: [0 Files [+

=
[

Open I
Cancel | _
)



Material Specification

Major Component Geometry Files Input -10] %

Component;

anode

cathode
electiolute
separatar
separator_blank,
fuel_in

fuel_out
fuel_flow

air_in

air_out

air_Fflaw

Battelle

PML FUEL CELL INPUT - MAJOR COMPONENTS

Files Extrudable? b aterial

|D:a’pnnl.n"phase2.n“|:|hase2_working_directorya’test_inslall.n’ANDDE'I SAT file select v anode

— anode
|D:a’pnnl.n"phase2.n"phase2_w0rking_direcloryflesl_installfD&THDDE1 SAT file select v cathode |
|D:a’pnnl.n"pha382."'phase2_wDrking_dilectol_l,u’test_install.f’ELEETHDLYTE1 SaT file select v electiolyte | _______
|D:a’pnnl.n"pha382."'phase2_wDrking_dilectol_l,la’test_install.f'sEF'AF!ATDH PLATET.SAT file select v ze-430 | all

] | anode
|D:a’pnnl.n"pha382."'phase2_wDrking_dilectol_l,la’test_install.f'sEF'AF!ATDH PLATE BLAMET.SAT file select v ze-430

— : : —— anodermsh
|D:a’pnnl.n"phase2.1"|:|hase2_w0rk|ng_dllectol_l,la’test_|nstall.n"fuel inl.SAT file select v fuel |
_ : E— cathmesh

|D:a’pnnl.n"phase2.1"|:|hase2_w0rk|ng_dllectol_l,la’test_|nstall.n"fuel out]. 5aT file select v fuel |

— cathode
|D:a’pnnl.n"phase2.n"phase2_w0rking_direclorya’tesl_install.f'KIJmnd-fuel flon? SAT file select [ fuel | F

Croarer

|D:a’pnnl.n"phase2.n"phase2_w0rking_directorya’test_install.f'air in1.5AT file select v air |

—_— electralyte
|D:a’pnnl.n"phase2.n"phase2_w0rking_directorya’test_install.f'air outl SAT file select v air I: |

 E— LIE
|D:a’pnnl.n"phase2.n"phase2_w0rking_directorya’test_install.f'air flon? SAT file select [ air

_ glass

Specify number of additional companents IE ce-4 30

Specify scale factor to convert input geometry to m units (default=1.0): [0
ok, |

Material properties are from the SECA database:
*PNNL and ORNL data on cell materials.
*PNNL data on seal materials.

Pacific Northwest National Laboratory
U.5. Department of Energy 17



Finite Element Model Generation

[ MSC.Marc Mentat 2005 (32bit) {OpenGL): model2

FUEL CELL Ma&IN MEMNU

GEOMETRY SETUP
MUMBER OF CELL STACKS
MODEL REFIMEMET:
GEOMETRY FILE SPECIFICATION

Four “action’ buttons to provide

—
for complete fuel cell model
generation
T atelirkar
1. Mesh solids
2. Define exterior surfaces
3. for radiation and convection.
4. Duplicate cells for stack
RUM MODEL
mesh
POST PROCESSIMG 5. Apply StI’UCtU ral boundary
MAIN MENTAT Con dl t|ons

SELECT
RETURN FUEL CELL MaAIN

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 18



arametric Based Model Input

i ST Hare Mentat FUEL CELL DESICN

[ MSC.Marc Mentat 2005 (32bit) {(DpenGL): model2

FUEL CELL MEMNL
GEOMETRY SETUP

HUMBER OF C STALC
HUMEER OF CELL DEFIME FUEL CELL DESIGH
CURREMT DE OMFIGLURATII i MSC.Marc Mentat FUEL CELL DESIGN

Flow 5 tructure for w Fuel Degign Defimtior
ETUP
FOOTPRIMT
GEOMETRY

c '-'Ienlul.! UL r..ul El.!-lLﬂ-
SETUR

LATION

I4OnE

PEM Atpact Rsis
FEM

FEN At fina

UPDATE i MSC.Marc Menta.  JEL CELL DESIGN
= 'L, ‘I-I'u *
RUM MODEL

FROI

MAIMN MENTAT

SELECT
RETURM FUEL CELL MaAIN



Defining Cell Performance

[l MSC.Marc MentatFUEL CELL DESIGN TOTALVOLTAGE OPERATION

voltage * ho. of ¢

AR ETUR
[V RELATION
COMPUTE WOLTAGE
EC OFERATION Mot
OHMIC POLSRIEZATION
ACTIVATION POLARIZATION

COMEENTRATION POLARIZATION

SELECT OPERATION OPTION

FUELaHE BADanT DEFIMITION TOTAL CURRENT OPERATION

BOLNDARY CONDITIONS

Total Current Tatal Current = e PEM area:

Fuel Utilization

LPDATE ANALYSIS MODEL =

Tatal Cument [4):

COMPUTE CURREMT

FUEL UTILIZATION OFERATION

Fuel Litlizal

Battelle




Ohmic Polarization

— MSC.Marc MentatFUEL CELL DESIGN

OHMIC POLARIZATION OPTIONS

For TAFELYIREAR Relation
Electralyte Conductivity [k=tT *prefactor‘expleff act er
Effective Actiation Energ 0.007355

Prefactar B.87e-7

Anode Parameters: Cathode Parameters: Interconnect Parameh
Temperature [K] 1273 1273 1273

Ohrmic Reziztance 3.33eh ¥ B9e-h 4.0e-5

For BUTLERAOLMER Felation
Electralyte Conduchivity [k=4T "3+BT " 2+CT+D]:
&

E

Anode Conductiaty: Cathode Conductiity: Interconnect Conduct

Activation Energy
Pre-factar

Porosity

Ba“e"e Cornductivity huratnr}f

of Energy 21




Battelle

—IMSC.Marc MentatFUEL CELL DESIGN

ACTIVATION POLARIZATION OPTIOMS

For TAFELAIREAR Relation

Temperature [F]:

1073

Exchange Curent [4/ T afel Prefacto
0051 e-4

0.107e-4

01134 0.0248

0132e-4 0.0247

For BUTLERAOLMER Relation

Ewchange Current [i=prefac

Activation Energy

Prefactar

Syrnmetry Factor

wpl-act. energdRT )

Activation Polarization

orthwest National Laboratory
U.5. Department of Energy 22



Concentration Polarization

~)MSC.Marc MentatFUEL CELL DESIGN [ [0

COMCEMNTRATION POLARIZATION OPTIOMS

For TAFEL-VIREAR Relation
Tezting Fuel Prezzure [atm):
H2
Hz0

Temperature [k.: Anode Current Deng

1023

1073

For BUTLEROLMER Relation
Concentration Polarization Paramaters:

Anode Cathode:

Tortuoszity

orthwest National Laboratory
U.5. Department of Energy 23
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Fuel and
Oxidant
Definition

Battelle

I MSC.Marc Mentat ... =Jals

FUEL AMD DEIDAMT

IMLET FUEL
Prezzure [atm) 1.0
967
Flow R ate [grmoldzec] 4 236e-4
Compozition [Molar Fraction =]
035

0.05

[MLET DIDaMT
Prezzure [atm]
Temperature [F]

Flaw Fate [gmal/zec] F9e-2

Compozition [Molar Fraction %]

Nz

+<— Stack Flow Rate

\

> Fuel Composition

+<— Stack Flow Rate

} Oxidant Composition

Pacific Northwest National Laboratory

U.S. Department of Energy 24



Stack Boundary Conditions

Fuel Cell External
Stack Surface | Insulation| Environment

N n

Rins g VW Tconv
Tstack ~\/»,—Tsurface

Boundary conditions defined on top, sides, and bottom of stack

Pacific Morthwest National Laboratory

Batielle U.5. Department of Energy 25



—MSC.Marc MentatFUEL CELL DESIGN

THERMAL BOUNDARY COMDITIONS
Initial Stack Temperature [F.]

Surface Heat Tranzfer:

t aC k SURFACE BEHAVIOR Radiation/Convenction/|nsulation
Boundary
C | - t g Yertical Sides
O n I I O n S Thickness [m) o o m

Cornductivity [ /-] . . A7

RaDlaTION
Bottom Wertical Sides
Emizzivities [unitlezz)

Sink Temperature [k)

COWWECTION
Bottom Wertical Sides
Film Coef [ fm2-K) . 5.0 130

Air Temperature (K] 293 293

MECHAMICAL BOUNDARY COMDITIONS
Stress Free Stack Temperature (k)

Include Creep Effects - Ewent Duration [zeconds]

Battelle




i MSC.Marc Mentat 2005 {32bit) {DpenGL): modeld

FUEL CELL MAIM MEMLI

GEOMETRY SETUP M O d el SO I U tl O n

HUMBER OF CELL 5T,
MODEL REFIMNEMEMT RUM JOB
GEOMETRY FILE SPECIFICATION USER SUBROUTIME FILE
BUILD 30 kMODEL
L PRELIM " THERMAL BC

GEMERATE ST Mo Domaing for DOM erte EC .
CTRUCTURAL B parameter file

WHITE EC PaRAMETER FILE EDIT EC METER FILE
ETUP

IV RELATION Taf
EC OPERATION Nane SRl y !

TITLE : MODEL

OHMIC POLA : d IPDATE tOMNITOR FILL

ATION POLA - Submit

kot Submitted

CONCENTRATION POLARIZ! T INCREMENT (CYCLE) ] Analyses
FUEL &ND DXIDANT DEFINITION SINGULARITY 0

BOUMDARY COMDITIONS

RUM MODEL

] CUT
POST PROC G TIONS 0 REMESHES
EXIT MUMEER I E: GE

MaIH MENTAT

EDIT | OUTPUT FILE LOG FILE STATUS FILE AN FILE
OPEM POST FILE [RESULTS MEMU)

RESET

SELECT
RETLRM FUEL CELL Ma&IN

Pacific Northwest National Laboratory
Battelle U.5. Department of Energy 27



FUEL CELL k&IN MEMU
GEOMETRY SETUP
MUMBER OF CELL 5
MODEL REFIMEMEMT
GEOMETHY FILE SPECIFICATION
BUILD 230 MODEL
APPLY PRELIMINARY THERMAL BC
GEMERATE 5
APPLY STRUCTURAL BC
L
Iy RELATION T afel
EC OPERATIOM Mone
OHMIC POLARIZA

BEOUMDARY COMDITIONS

RUM MODEL

FOST PROC

MAIN MENTAT

SELECT
RETURM

FUEL CELL MAIM

Mentat-FC Post Processing - |EI|5|

Mentat-FC Post Processing
Select Resultz Option:

Pozt Wariable: zelect vanable |

Cell Component:

Stack Mumber: zelect stack 1D

Apply |

Mentat-FC Post Processing

Select Results Option:

Post ' ariable:

Mentat-FC Post Processing

Mentat-FC Post Processing

Mentat-FC Post Processing

Select Resultz Option:

Poszt Variabls:

Cell Companent:

Stack Mumber:

Select Results Option:
SEIECt CDmpDnenl H
Post Yaniable:

zelect variable

The Post Processing Menus

=10 ]

select variable |

Tempetrature J
Heat Generation Rate
Partial Pressure of HZ J
Partial Pressure of 02

Pattial Pressure of HZO
Partial Pressure of CO
Partial Pressure of CO2
Pattial Pressure of CH4

Mentat-FC Post Processing

S =]

Mentat-FC Post Processing

select vanable |

Cell Companert:

select compohent |

Stack Murnber: anode

cathade
electrolyte
separator
separatar_blank

- | Ellil fuel_in

fuel_out
Fuel_Flow
air_in
air_ouk
air_Flow
partl

| park2

Cell Component;

gelect component

park3
park4
| parts

Stack Mumber:

zelect stack 1D

parke

all Iy |
1

|




Fuel Species
nlet Fuel: 0.6 H,, 0.1 H,0, 0.3 CO, 0.1 CO,)

Hydrogen Water

L .S
1 9

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 29




and Oxidant Temperature

MsC

Air Temperature

_ -. D bt i1 ' Ll

Fuel Temperature

| Air

Pacific Northwest National Laboratory
Battelle U.5. Department of Energy 30



Current

Ine: ]
Tims: 0, 000&+000

V)

M5C %,

— 5 OHE7e+0l:z

4 HT7Re+NE

L] 4.06%=+0032

2.561e D02

2.052e+0032

2. 54224002

2.035e+ 0032

1.526e D02

1.017e+0032

5.007e+002

1.000=-002

thermal stress 'ir..

sy Dl ane] Yaraable 9 1

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 31



Inc: 1
Time: 1.000=+000

Temperatures
Imported to Marc

| | 1.064=+003
|| 1.052=+

|| 1.041=+

1.030e+

1.018=+

1.007=+00




Inc: 1
Time: 1.000=+000

Marc Stress Results

| | 1.209=+008
| | 1.063=+008

| | 9.171=+007

7.709=+007

6.247e+007

Electrolyte




'—Cell Model directly from CAD

Inc: 1
Tirne: 1.000e+000

|| 1.30Fe+003

|| 1.274e+003

|| 1.240e+003

1. 206e+003

1.173e+003

1.13%e+003

1.108e+003

1.072e+003

1.038e+0032

1.004e+0032

3. 70Be+002

Temperature [Integration Point]




Mentat-FC: Original Parametric GUI

Analysis Procedure >
Geometry FEA Model EC Solution Structural Structural
Creation Construction Solution Results

EC Results

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 35



Mentat-FC: Present Modeling Tool

Analysis Procedure >
Geometry FEA Model EC Solution Structural Structural
Creation Construction Solution Results

EC Results

FEA
Mesh

Pacific Northwest National Laboratory
Battelle U.5. Department of Energy 36



entat-FC: In-Progress Modeling Suite

Analysis Procedure >
Geometry FEA Model EC Solution Structural Structural
Creation Construction Solution Results

FEA
Mesh

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 37



Completed Modeling Suite

Analysis Procedure >
Geometry FEA Model EC Solution Structural Structural
Creation Construction Solution Results

FEA Coupled
Mesh Behaviors

Pacific Northwest Nl Laboratory
- Uepartment of Energy 38
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How to get this software
and more training

» MSC Evaluation Licenses

> PNNL Summer Workshop

Pacific Northwest National Laboratory

Batielle U.5. Department of Energy 39



Questions?

5-minute break before starting
the live demo of

SOFC-MP and MSC.Marc/Mentat-FC

Pacific Northwest National Laboratory
Batielle U.5. Department of Energy 40



» 3-Ce
> 1-Ce
»1-Ce
» 1-Ce

Battelie

Test Problems

course model from CAD

model from existing ANSYS mesh files.
cross-flow parametric model

co-flow parametric model

counter-flow parametric model

Pacific Northwest National Laboratory
U.5. Department of Energy 41



Fuel Species

. Hydrogen | G

" Fuel

) G s | Water

Fuel
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