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W& 7rE(Meshing Worksflows)
3ithiefd (Battery Modeling)
ZHEimAIDPM (Multiphase and DPM)
HtbIEf=EY (Other Physics / Models)
KkiRESIEF (Solver Enhancements)
#bt/ixitTE (Adjoints / Design Tool)
. Z=IAT( (Expressions)

IR /B /IE%IE (User Interface / Graphics /
Post)

ONoUnhkwh =
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Would you like to add local sizing? yes

Add Local Sizing

Name facesize 1

Growth Rate 1.2

Size Control Type Face Size o

Target Mesh Size 0.2418457

Select By label v
Use WildCard ¥ | [2/11] in* [x) [-=,-;,| [-= |[= | [O|

ini
In2

¥ Draw Size Boxes

| Add Local Sizing | Revert and Edit [ Clear Preview |[ Draw Bodies ~|[ ... ~




FTM/WTM:

B AT

55

ZHHAUARE R, LA

FHE(E

]

At ESSHORHan

]

VS mn

HE,

= fM--

l\I

Add Local Sizing

== Sl = PCAY

=2 H

AT

Hir&E N "Update”

WSARRESN “Create Child Task”
R~

—y
Add Local Sizing

—

R

melE

Name facesize_1
Growth Rate 12
Size Control Type Face Size
Target Mesh Size 0.7007871
Select By label
Face Zone Labels [0/7] Filter Text ‘=O] f/] |'=x1 ’
in1
in2
outl
test1:solid
test1:solid-1
test1:solid-2
test1:solid-4
Use Wildcard Enter text with wildcard

v| Draw Size Boxes

( create Child Task |

Revert and Edit || Clear Preview || Draw Bodies J|[

RAESS
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Name facesize_1
Growth Rate 1.2
Size Control Type Face Size ¥
Target Mesh Size 0.7007871 Add Local Sizing
Select By label Name
Growth Rate

Face Zone Labels [3/7] Filter Text
ini

in2

outl

test1:solid

testi:solid-1

test1:solid-2

test1:solid-4

Use Wildcard

v| Draw Size Boxes

BEEO

Update | Revert and Edit || Clear Preview | Draw Bodies ~/ ... ~

HPATHFESS

Size Control Type
Target Mesh Size

Select By

Use WildCard ¥ [2/7] in*

ini
in2

v Draw Size Boxes

(1A

Z 1D.\)

ESSHIPIT

facesize_1
1.2

Face Size
0.7007871

label

o3 %[5 (9

[Update]l](:ancel][clear Preview | Draw Bodies ~| ... ~

£ "Revert and Edit" F{F
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WTM: SZFFERRICAYIA

1. B%cEtSpaceClaimF

A9 RmIERY

(Edge Named Selection)

Aszembly

I_IE e mH{:mB = ‘}‘Spll‘l <
$F‘an

NTOETYL VRN
%!30"101‘1:5‘@@
wO@ODE >xZI 0

Sketch Mode Edit

Facets Repair Prepare \workbench Detail

R g3 @ o™ 0+

Select Pull  Move  Fil

Sheet Metal Tools KeyShot

Combine

& E\% Project

Intersect

AR

15 - SpaceClaim

(30l Shell
¢ [E Offset

L. ggE ﬂjﬁh‘lirr{:r

Create

> 6
Equation ()

Body

Paste
f ﬂ &5 QZDDI‘I’I -
Clipboard Onent
Groups
I# Create NS & Create Parameter

View groups in: Root Part

Name

(= B’ Named Selections

Copyright (C)

Type

Click an object. Double-click to select an edg

Triple-click to .a solid.

IDA] Co., LTD. All Rights Reserved.

. F 1‘;*

d. JL4

(Labeled Edges) 1 EFEPRJ (Local Sizing)
S NI 5 =P =TI

JAdvanced Options

b. Rt/ (NE)IRE&EIyes

Watertight Geometry

= Waorkflow
ot @' Import Geometry

' < Generate the Surface Mesh

v B Describe Geometry

% Add Local Sizing

a Enclose Fluid Regions (Capping)
Q 1, Create Regions
£ @Cj Update Regions

¥ fg. Add Boundary Layers

Generate the Volume Mesh

Import Geometry

File Format CAD
Units mm

+ | Advanced Options

Separate Zone By region
Tolerance 0.1
Max Facet Length 0

e

2IEE)EE

Does the CAD have Named Selections on Edges€ ['_.r:-:-s )

File Name
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WTM: S 1ERRCHEYIZ(Labeled Edges) E1R EBERR ~J (Local Sizing)

3. f1EAdd Local Sizing/
}5Size Control Typeix & /JEdge Size ® M{LFHIMFE
SEeTarget Mesh size
vV

0O N T W

<
VAN Y
AV A
DO A

JAVAVAVAVAN

ooooooooooooooo Mesh

Watertight Geometry » sSiEeNoe;

= Workflow
v @I Import Geometry
! 2z Add Local Sizing
I “% Create Surface Mesh
D 4% B Describe Geometry
% é Enclose Fluid Regions (Capping)
¥ D*) Create Regions
I ;
: @.r_‘, Update Regions
! fég, Add Boundary Layers
1 €7 create Volume Mesh

Would you like to add local sizing? yes
Add Local Sizing (%)

edgesize_1
Growth Rate

Size Control Type Edge Size
Target Mesh Size

Edge Zone Labels@| [0/1] |Filter Text [%| [€| E| @|
size_ns

Console

Use Wildcard Enter text with wildcard Face zone outl is contiguous.

+| Draw Size Boxes

Add Local Sizing || Revert and Edit || Clear Previ Dra
7 &S y - \/

———————————————— Import of testl-ns, consisting of one =ingle part
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WTM: TEHEERXIE (Region-specific) iR < iEEE

B 18T "Generate Volume mesh” EitxH5 BifrE Xia /R < Y755
® X FPolyfllTet D

+| Region-based Sizing

v }58xEMax Cell Length#1Growth Rate — SEE
. Xj-:_: PO Iy_ H exco I’eﬂ] _I eXCO re llm Region Name “  Max c:1|| Length 1:rm.-.-t|1 Rate

1?51
p1_pre_e body-pl1_pre_e_body 200 ) 1.5
4.,288808 1.3

\/ TEZ'_‘EM aX Cel | Le ngt f] pre_e_nozzle-pre_e_nozzle

pre_e retaining_sleeve-asm-20224 af0-20224_af0 6.818538 1.2

20ne20021-asm-20019-20019 4.235177 1.3

- 20ne20021-asm-20020-20020 2.957216 1.3

Max Cell Length (110 ) 20ne20026_asm-20023-20023 3.803764 1.3

_ N 20ne20026_asm-20024-20024 4.2887.08 1.3

¥ Region-based Sizing 20ne20026_asm-20025-20025 4.800512 1.3

|Filter ~| |Filter Text . .,
hi Region Name “  Max Cell Length '

fluid1 10.0
pl_pre e body-p1_pre e body 10.0
pre_e_nozzle-pre_e_nozzle 2.5
pre_e_retaining_sleeve-asm-20224 af0-20224_af0 5.0
zone20021-asm-20019-20019 2.5
zone20021-asm-20020-20020 2.5
zone20026 asm-20023-20023 2.5

zone20026 asm-20024-20024 2.5
zone20026 asm-20025-20025 2.5

"’
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WTM: MImported Surface MeshFH35

B MIRENEmshakcasS)HRIIIAEER
I
B £lmport Geometry+
® File Formati&Ei¥Mesh
® i57EFile Units
v ITSERAL
v §[188File Units != Units, MI&ISHELGEIT
B REIGEERE IS EE
® None
o All
® Selected
® Assigned in Local Sizing
® Assigned in Local Sizing + selected
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Pl

v 2 boi_
v 5 boi_2
v % boi_3
v .5%- facesize_1
,'“42? Create Surface Mesh
= 'B Describe Geometry
2 E| Enclose Fluid Regions (Capping) -
ICreate Surface Mesh

Which boundaries do you want to remesh?

Import Geometry
File Format Mesh v
File Units m v
Units mm ol

+ Advanced Options

Separate Zone By region o

File Name [...]

g (O

assinged in Local Sizing + selected =
1
500

1.2

=

i

Bl
amm O -




FTM: Hex-coref]Poly Hexcore[&{A

FEile Boundary Mesh Display Report Parallel

Solution Bounds
'a Selection Set Ranges
+f- Delta |0 Reset
| Switch to g
| Solution XRange | | Y Range | ZRange Cutplanes
I Workflow Outline View
| Fault-tolerant Meshing v
= Workflow

' EI Import CAD and Part Management

DRV E Describe Geometry And Flow
|

|
| © v Identify Regions

V| fluid-region-1
+ [1] pefine Leakage Threshold
v g’(; Update Region Settings
SRv4 E:] Choose Mesh Control Options

v E Create External Flow Boundaries

DRV E:] Setup Size Controls
v [::] tunnel-max
v m default-curvature
v m default-proximity
v@

'} Generate the Surface Mesh

| v :2/57 Add Boundary Layers

| v ":/‘f Generate the Volume Mesh

illpdate Region Settings

| Main Fluid fluid-region-1

| Displayed Regions All Regions

;[—_F'Iltel'-\ Filter Text E| E| E|

Y Name Type Extraction Method Volume Fill

| component_10_10_10.1 solid ~ | wrap ~ | poly-hexcore ~

| component_10_10_10.2 solid * | wrap | tet >
component_10_10_10.3 solid ~ | wrap ~ | hexcore -2

l component_10_10_10.4 solid ~ | surface mesh - | tet i

| compeonent 10 10 10.5 solid ~ | surface mesh ~ | hexcore >

| component_10_10_10.6 solid ~ | wrap ~ | poly -
component 10 10 10.7 solid ~ | surface mesh ~ | poly-hexcore ~
fluid-region-1 fluid ~ | wrap ~ | hexcore "
+ I 8

Update Region Settings || Revert and Edit | ... ~

+| Insert Clipping Planes

{

Limit in Y

™ @>e)

@

/]
4

¥

boundarymarkers

Console

Mouse Probe Function

Select Visible Entities

&L

SySE

ARk (

BEPMRESEEIN

) HEN T A (FREL)

Surface Mesh  Wrap

Tet
Hexcore
Poly

Poly-Hexcore

v v

v v
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iF_jzl')l\/l iANE PolyFPoly-Hexcore R EpiELEEEE (TERFB R

B S XERRIEEESTSM

Filter Text [-=.|:|.] [f..r} [-=;..;
Y Name “  Type Extraction Method Volume Fill Leakage Size

aft ‘void ~ | nene * | none * |

attachment ‘void ~ | none ¥ none -

fluid-region-1 fluid ~ | wrap = 8 poly-hexco ~

fore ‘void ~ | nene * | none ~

Would you like to add boundary layers? yes s
Add Boundary Layers

MName gspect-ratio_2

Offset Method Type aspect-ratio v
Mumber of Layers 3 -
First Aspect Ratio 3

Growth Rate 1.2

Add in fluid-regions v
Post Improvement Method v
Grow on all-zones v
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FluentREE B (Batteries)RYEE -#VH E SR

O * o IL:\JCEI E* o IU\E/J#:"E_ ﬁJZ’Z\ _J%l: E/J_JZA:ET EIIJ *%IU\JGEI E*% IL:\Egﬁﬁu'-lﬁ _:I}ZIE/_\EEE%D
19, (hEBRIEFUNEERiRE/BBERNEE,
® TR - RS e THI S B S BRI DT,

m IR E A SR IRIERL(ECM), EBEEENAEFluentdI#H TS
B, iﬁi‘i,Jiﬂi‘-“n'T':E‘ftjEl’\JFl\/lUsv)\ECMso

m . AP E B EAERN AR EREN AR, ECMEERUERE, X
e, 81 JiiﬂEﬂVk'iEﬂVkECM%%m, a ESWP\JE’J*%,)?@’J’UE’JO T2, AR
ARl se EEARIINRIRE, BE 28RS,

m XTI BERREEIFMHIBAEZRE, FluentlIZR
E21y, (MSMD) miaBEIHERERIE, KERRRMIESEESTE.
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n Battery Model

+| Enable Battery Model

Model Options

Solution Method for E-Field

) CHT coupling

Conductive Zones

Electric Contacts Model Parameters

E-Chemistry Models
(@ NTGK Empirical Model

Advanced Option

n Battery Model

+| Enable Battery Model

| Model Options Conductive Zones

Solution Method for E-Field
(®) CHT coupling

! FMU-ECM coupling

() Circuit Network Method
) MSMD Method

Energy Source Options
+| Enable Joule Heat in Passive Zones

v Enable E-Chem Heat Source

) FMU-ECM coupling
(®) Circuit Network Method
) MSMD Method

Energy Source Options

+| Enable Joule Heat in Passive Zones

+| Enable E-Chem Heat Source

Electrical Parameters
Nominal Cell Capacity (ah) 14.6
Solution Options
(®) Specified C-Rate
| Specified System Current

| Specified System Voltage
(! Specified System Power
) specified Resistance

) Using Profile

) set in Boundary Conditions

() Equivalent Circuit Model
[ Mewman P2D Model
U User-defined E-Model

ub-Steps/Time Step | 5

Life Model
C-Rate 1

System Current (a) |1
System Woltage (v) |4

System Power (w) |200
External Resistance (ohm) |1
Min. Stop Voltage (v) |3

Max. Stop Voltage (v) 4.2

\ Energy Source Options
+| Enable Joule Heat in Passive Zones

m (it | [ reset | [ apply | [ cancel | [ Help |

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

n Battery Model

+| Enable Battery Model

Model Options ~ Conductive Zones  Electric Contacts

CHT-Related Parameters

Specify Energy Source

cell_1{w) O
cell_2{w) O
cell 3{w) O

Tab Electric Current (A) |:14.6| |

Model Parameters ‘ Advanced Option

B import FMU File x

FMU Input File
/net/lebhomes0e/dev2/gli/R15-test/Tutorial/Battery_SixCell.fmu

FMU Output Variables Fluent Input Parameters

yl yl
y2 y2
y3 y3
y4 y4
¥5 ¥5
y6 y6

FMU Input Variables and Fluent Output Parameters

B3 (=t | (Reset | (Apply | [Cancel | [H]

n Battery Model

+| Enable Battery Model

| Model Options Conductive Zones

Solution Method for E-Field
() CHT coupling

! FMU-ECM coupling

! Circuit Network Method

) MSMD Method

+| Enable E-Chem Heat Source

n Battery Model

+| Enable Battery Model

Model Options Conductive Zones Electric Contacts Modgl Parame

FMU-Related Parameters

Define Output Parameter for T_cell...] [Open FMU Dialog Box.,|

Energy Source Mapping
cell_1 {w) vl

cell_2 (w) y2

cell_3 {(w) y3

ul cell_3_average_T -
u2 cell_1_average_T -
u3 cell_3_average T -
ud cell_1_average T -
us cell_2_average_T A

e eall ¥ swaroan T

[Select FMU Parameter/Local Variahles...] [Open Fluent Parameter Dialog Box...]

Setting FMU Parameter Values
Cell_initial_SOC 1

FMU Local Variables

Cell61.CT L.i
Cell61.CT Lv

Corresponding Input Parameters
Cell61_CT_L_i
Cell6l CT L v

Tab Electric Current (A) | Cell61 CT L i -

m (it | [ reset | [ apply | [ cancel | [ Help |




ANETGIERNZ

LA

/E 8]

AR S

n Battery Model

v Enable Battery Model

| Model Options

Solution Method for E-Field
(_) CHT coupling
) FMU-ECM coupling
(@ Circuit Network Method
() MSMD Method

Energy Source Options
+| Enable Joule Heat in Passive Zones

' Enable E-Chem Heat Source

Electrical Parameters
Mominal Cell Capacity {ah) 14.6
Solution Options
(@) Specified C-Rate
() Specified System Current
() Specified System Voltage
) Specified System Power
) Specified Resistance
() Using Profile

1 Set in Boundary Conditions

Conductive Zones

Electric Contacts

E-ChZuustry Models
(@) NTGK Empirical Model
() Equivalent Circuit Model
() Newman P2D Model
[ uzer-defined E-Model

Number of Sub-StepzTime Step 5

Life Model
C-Rate 1

System Current (a) |1
System Voltage (v) |4

System Power (w) |200

External Resistance (ohm) |1
Min. Stop Voltage (v) 3
Max. Stop Voltage (v) 4.2

Model Parameters

Advanced Of

n Battery Model

+| Enable Battery Model

Model Options Conductive Zones Electric Contacts

Solution Metheod for E-Field
(®) CHT coupling
() FMU-ECM coupling
() Circuit Network Method
) MSMD Method
Energy Source Options
+| Enable Joule Heat in Passive Zones

+| Enable E-Chem Heat Source

Model Paramete

rs Advanced Option

B Battery Model *

+| Enable Battery Model

Model Options = Conductive Zones = Electric Contacts | Model Parameters | Advanced Option

CHT-Related Parameters

Specify Energy Source
cell_1{w) O

cell_2{w) O

cell 3{w) O

23 (¢ ) (Reset ] (Aoply | [Cancel ) (ein)

Tab Electric Current (A) |:14.6| |

m (it | [ reset | [ apply | [ cancel | [ Help |

m (1nit | [ Reset | [ apply | [ cancel | [ Help |

n Battery Model

v| Enable Battery Model

| Model Options Conductive Zones Electric Contacts

Solution Method for E-Field
() CHT coupling
(8 FMU-ECM coupling
() Circuit Network Method
) MSMD Method

Energy Source Options
+| Enable Joule Heat in Passive Zones

+| Enable E-Chem Heat Source

Model Paramet

B Battery Model >

+| Enable Battery Model

Model Options =~ Conductive Zones | Electric Contacts | Model Parameters ‘ Advanced Option

FMU-Related Parameters

Define Output Parameter for T cell... [Open FMU Dialog Box...]

Energy Source Mapping

cell_1 {w) vl -
cell_2 (w) y2 -
cell_3 (w) y3 hd

Tab Electric Current (A) | Cell61 CT L i -

BZ3 (it (reset ) [avpiy | [cancel | [vein )
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m (it | [ reset | [ apply | [ cancel | [ Help |
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B import FMU File ¥

ST INEIFMUSEY

[ ] )7 J\JJ I]Xj' W *"‘B F M U é%’k&{g*u F M U W -‘-’-B#R EEI\J i«fj— ﬂ:ﬂ Jlogy/FMU/2020R1/FMUT est/BatteryCell_WithUnits_WithInitvalue.fmu

FMU Qutput Variables Fluent Input Parameters
\ 2 4
B EEREERNFMUZSE]

TatalPower TaotalPower

- jiE?qz: F M U J= :\ZB L\XEU—T% F I u e ntiﬁA%éﬁ& F-:l—l_l.ilnll;nuiru:;:ﬁahles and Fluent Output Parameters -

s el 2R T T T = G Te= | RTET =10 8 | Open Fluent Parameter Dialog Box...

Setting FMU Parameter Values

T0l: AR TTRIREIE |

Resisl.T_ref 300.15

Resisl.alpha 0

U_T1§U .ij—l I:—I..I EEJ}EJ:J\*% W ;LB?I‘R = Resis1.LossPower Resis1_LossPower

FMU Local Variables Corresponding Input Parameters ]

(ox] [Cancel] [vep)
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BERLE

® IEFRH

3t Eap
o HFED

PrsantRE

BIGEaptREl
o HT4IRAyi=EY

+ B Ean

BN, HUMZL......

1 1
Calendar life loss = A exp [—E (— — —)] tY

T T,

® FiFNewman P2D{&EEY, FEE[ESEIERIIEE,

® H 215 R BT =AY
o [HEI=

thEE, AR

& (F

) SiRE, FEFHERNREEIRER

Cycle life loss = f (T,N

cycle)

e ©° o
g 2 3 83 -

Fractional Capacity (Q/Qv)

XS - TR - A A
8 2 8 8 =

Graphite| LiFePO4 2.2 Ah cells,
C/2 rate

Symbols: experimental
Lines: theory

501 1001 1501 2001 2501 3001 asn
Cycle number N

Source: R. Deshpande, et al, J. of
The electrochemical Society,
157(8), 2010.

Capacity Correction Factor(CCF) = 1 — (Calendar life loss + cycle life loss)
() qhle ‘llllll X CCF
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5&%@%?"@ -l;t B ) K} Calendar Life Parameters X

Input Parameters

[] :Q@%/_\ Calendar Life Pz
=/ - A[] Ref. Temperature (K) 200

Pre-exponential Factor 0

.ﬁ )JJ'/:_JIL%I/V%DJ_J H &j: ﬁ%u Activation Energy 0

/ Exponent value 0
B MsMD Battery Model x
+ Enable MSMD Battery Model
| Model Options Model Parameters =~ Conductive Zones Electric Contacts Advanced Option E [ Can :El ] [ HEIF ]
E-Chemistry Models Solution Method for E-Field
(@ NTGK Empirical Model () Circuit Network Method
) Equivalent Circuit Model i®) Solving Transport Equation c o Fadina Tabl
) Newman P2D Model ) Reduced Order Method n apacity Fading lable X
() User-defined E-Model 2 o Number of Temperature Levels
Energy Source Options Solution Controls 11 : Number of Cycle Number Levels
+| Enable Joule Heat in Tab/Busbar Zones Current Under-Relaxation 1
Temperature (k)
+ Enable Joule Heat in Active Zones Voltage Correction Under-Relaxation 1
+| Enable E-Chem Heat Source 298 320
Electrical Parameters Cycle Number Capacity fading value (%)
Mominal Cell Capacity (ah) 14.6 +| Enable Life Model 0 0 0
Life Model
Calendar Time (wk) |0 [Calendar Life - Input Parameters ] 100 0 0
Cycle Number 0 [Cycle Life - Capacity Fading Table] » 200 0 0
Temperature (K} 300 300 0 0
5::Iution Options C-Rate |1 400 0 0
'8 Specified C-Rate System Current (a) |1
() Specified System Current 500 0 0
System Woltage (v) |4
[ Specified System Voltage 600 0 0
() Specified System Power EEEu R
(") specified Resistance External Resistance (ohm) |1 700 0 0
() Using Profile Min. Stop Voltage (v) 3
() set in Boundary Conditions 800 0 0
Max. Stop Voltage (v) 4.3
Q00 0 4]

m [lnit ] [ Reset ] [Apply ] [ Cancel ] [ Help ] 1000 0 0

Copyright (C) IDAJ Co., LTD. All Rights Reserved. [ ok | [ Read... | [ write... | [ cancel | [ Help |
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Bl ==t =]
QEEM(E%)
B ESGEREE T KITEREDNSEIRE., SESHIERSEEEEENR RS EIRK.

B ZERATRA ETHEGERTTEENEERK

5 | | | | | B 115MD Battery Model *
L] ] e . [
“pgg_gﬁtpaié_i.g_ggg.g" :vzry ::i 3 i; | Enable MSMD Battery Model I Copacity Fading Table N
“p - p == ’ " v ry o ) Model Options Model Parameters Conductive Zones Electric Contacts Advanced Option Y
p2d_output_5.0_290.0" every ::1u1:3 —— 3 . Number of Temperature Levels | Capacity Fading Table|
\H i 2d DUt Ut 5 u 330 E" eve ”1 u 1.3 NTGK Model Polarization Parameters
4 p£d_output_o.U_ : ry . ' 5 Initial DeD Reference Capacity (ah) 5 : MNumber of Crate Levels
0 14.6
T t k
—___C-rate temperature v/ Enable Capacity Fading Model (Capacity Fading Table.. | Smparurahi)
Data Types 290 300 310
31 7] @ e sl (@R 1O LA A ['"‘p""'t Raw D““"] C-rate Capacity fading value (%)
1 0.04111111 0.04128889 0.04111111
2 0.04416667 0.04277778 004222222
2r ] 3 0.046 0.0445 0.04375
4 004711111 0.04577778 0.04555556
: 5 0.05027778 0.04805556 0.04666667
1k i
1
: m [ Read... ] [Write... ] [ Cancel ] [ Help ]
1 /7505
|
0 I L | | I I | |
Init || Reset | | Appl c 1 || Hel
0 500 1000 1500 2000 2500 3000 3500 4000 I3 (it ) (Reset ] {pely ] (cancet ] [Hete |

Sl E5 4 \ Total discharge Time * Crate
RRBEERK, WE1CFISCHEERT, Capacity loss =1 — J

Bt ET 4 F3 36 00sF1 7208, 3600
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NTGKIRELRIRIRETESA

B NTGKzzE

2 PR

® [FIVZ[BRIZIERF

® UFNY{XEHEER

Voltage (V)

1

B EE

1.5

Capacity (Ah)

RERZLIMERER, AJLAMSEIS/RInET

=zl

A

I=YWUocv—-V)

EHYRRZL

>
/1,

0.2C, Test Data
0.2C, Simulation
=] C, Test Data
+ 1C, Simulation
——35C, Test Data
+» 5C, Simulation

B MSMD Battery Model

v Enable MSMD Battery Model

Model Options Model Parameters

Conductive Zones

NTGK Model Polarization Parameters

Initial DoD
0

+| Enable Capacity Fading Model

Data Types

) Polynomial () Tahble

(@ Raw Data

Reference Capacity (ah)

14.6

[Capacity Fading Table...]

[Import Raw Data]

m it | [ Reset | | Apply | [ cancel || Help |
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X

rleoo@maEE
B

- -
move

n Select File
X Look in: = /net/lebhomeso6/dev2/gli/R15-test/TableData-feature/fRaw-Data-Type
E Computer Name ~ Size Type Date Modified
_— | cleanup-fluent-lebdit105.fluent.com-68209.sh 646 bytes sh File 10/2/19 10:06 PM
ar | fluent-999999-error.log 3.65 KiB log File 10/2/19 10:04 PM
7 user file: | 7 fluenterror.log 30.58 KiB log File 10/2/19 10:04 PM
| ntgk_table fitting-raw-date.cas 1.79 MIiB cas File 10/2/19 4:21 PM
Electric Contacts Advanced Option | ntgk table fitting-raw-date.dat 6.48 MiB dat File  10/2/19 4:21 PM
| ntgk_table fitting.cas 1.63 MiB cas File 7/19/13 4:40 PM
D ntgk-1C-290K.dat 87.67 KiB dat File 8/29/19 1:16 PM
D ntgk-1C-300K.dat 87.64 KiB dat File 8/29/19 1:17 PM
D ntgk-1C-310K.dat 94.41 KiB dat File 8/29/19 1:17 PM
D ntgk-2C-290K.dat 90.75 KiB dat File 8/29/19 1:18 PM
D ntgk-2C-300K.dat 90.88 KiB dat File 8/29/19 1:18 PM
D ntgk-2C-310K.dat 97.67 KiB dat File 8/29/19 1:18 PM
D ntgk-3C-290K.dat 120.76 KiB dat File 8/29/19 1:19 PM
D ntgk-3C-200K.dat 104.53 KiB dat File 8/29/19 1:19 PM
D ntgk-3C-310K.dat 60.54 KiB dat File 8/29/19 1:19 PM
D ntgk-4C-290K.dat 113.08 KiB dat File 8/29/19 1:19 PM
D ntgk-4C-300K.dat 121.63 KiB dat File 8/29/19 1:19 PM
D ntgk-4C-310K.dat 113.27 KiB dat File 10/2/19 4:16 PM
D ntgk-5C-290K.dat 90.17 KiB dat File 8/29/19 1:20 PM
D ntgk-5C-300K.dat 93.73 KiB dat File 8/29/19 1:20 PM
D ntgk-5C-310K.dat 90.51 KiB dat File 10/2/19 3:38 PM
¥ ¥ | | submodel.prof 3.32 KiB prof File 10/4/19 12:22 PM
Testing File k-4C-290K.dat" "ntgk-4C-300K.dat" "ntgk-4C-310K.dat" "ntgk-5C-290K.dat" "ntgk-5C-300K.dat" "ntgk-5C-310K.dat" m
Files of type: Testing Files (*.%)
Filter String
/net/lebhomes06/dev2/gli/R15-testyTableData-feature/Raw-Data-Type/ntgk-1C-290K.dat
Jnet/lebhomes06/dev2/gli/R15-test/TableData-feature/Raw-Data-Type/ntgk-1C-300K.dat
/net/lebhomes0&/dev2/gli/R15-test/TableData-feature/Raw-Data-Type/ntgk-1C-310K.dat
/net/lebhomes06/dev2/gli/R15-test/TableData-feature/Raw-Data-Type/ntgk-2C-290K.dat
/net/lebhomes0&/dev2/gli/R15-test/TableData-feature/Raw-Data-Type/ntgk-2C-300K.dat

AEPAT:

Yl

HEU - XA,




R EL 2 R

IR BEMNRE(User-Defined Scalars)#[]
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]

/

& Bt R A7 = (Field Quantities),

——

AL

N #Fi#(User-Defined I\/Iemory)?_ 25]

L
o
L

n Contours

Contour Name
contour-2

Options

Filled

Mode Values
Boundary Values
Contour Lines
Global Range
Autoc Range

Clip to Range
Draw Profiles
Draw Mesh

Coloring

() Banded

smooth

Colormap Options...

Contours of

Battery Variables... v

[ Cathode Potential v |

Cathode Potential

Anode Potential

Passive Zone Potential

Cell Voltage

Current Magnitude

Cathode Electric Conductivity

Anode Electric Conductivity

Passive Zone Electric Conductivity

50C

Volumetric Short Current Source
interior-bar2-n tabzone 3
interior-bar2-p_tabzone 2
interior-cell_1
interior-cell_1-n_tabzone 1
interior-cell_1-p_tabzone 1
interior-cell_2
interior-cell_2-n_tabzone 2
interior-cell 2-p_tabzone 2
interior-cell_3
interior-cell_3-n_tabzone 3
interior-cell_3-p_tabzone 3
interior-n_tabzone_ 1
interior-n_tabzone 2
interior-n_tabzone 3
interior-p_tabzone_ 1 .

imbariar A Fabhoanas 3

[New Surface _,]

[ Compute ] [ Close ] [ Help ]

L/




HEFRFIDPM (Multiphase and DPM)

N

ONoUnhkwh =
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1 EREN(Transitional Flows)BYidEH LS

B Fuler-Euler -> BEEINETHE
By N i) 25

B PERH

]

25t -> f&

il
=
T
X
A

!
@

R R REUE R EXE,; jw: 1m/s, ]
0.004m/sM\ERIGIEINRI3.2m/s, [ LiRE)
(Banowski et al., 2018)
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INTAFSE,

357

103

am

ARG
1BERZA (BI90 VOF, level-set, &

KE

N

P ——ceT

0% °% 0 .‘ 2
°°°°° Y (4]
cegs :
L0%% %o °f 0
592
809’0’0 . %0 ..' O
00 g %0 ¢ 0,
< po” S 20 Q0 o
o Che o
o2 5502 % 009 °
520 : 5%
00:"g oo
oo°o%°q (=
Qo g 00 O,
Oygd’g
Bubble Churn Annular
Flow Flow Flow
GasD GasC
GasD1 GasD2 GasDN
: 1
Velocity groups Visi Viois Viari Voo ‘
J=1..N de 16 !
| | | l dDpyb D=194.1 mm
& l L l %/mm 2
Size fractions —t —t —t 5 D=51.2mm
K=1..5M, d, ‘ Ay lclMH CI Asis « 2
break-up coalesce!
d t evaporation
coalescence | | | | | | transfer to GasC 4 R L R R R L
Dpub, mmM ——
break-up / gas entraiment 1 4 4 1 4 4 transfer to GasD | ©200 ©50

EETERSERS (Bl Rchurn turbulentfl]
ZPRRslug flow) 1, SEBRIDMIIZRFERERN
BT FFEZ (Montoya, 2015)
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I~ N FERG E(GENeralized TwO Phase)

B —BEEXERH Dbin)XEInFIER o 2IE,
IZIREUEFHIRIET T,

B AREY, ETERRR D ERISERFL G

(cIustermg mechanism)HFH B E{/EAR, B2

rNRIAZ R mALLE,

|||r
ﬂuﬂ

UK

B AiG. &EBi(clustering) ARG E—iC, &K
Ik DFE- >RSI RAE L.

B (ZiEB5E e Eulerian-Eulerian EZR TR I{E. CENTOPESINE
( outdatediIATRIEHRFIEIZR-AEFEREKI M)
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MT-1E3i;

air outlet

=hte (3D —

design parameters:

P25 MPa
water / air or vapour Warmax =14 mis

%

circulation pump

-

5

8 needle probes

wire mesh sensor

@ vertical test cection:
diameter 29, 51.3, 70 mm
length

compress
air net

deionized feed
water system

3110

. — vz
MT-fEIMZiEREE
Run Superficial Superficial
number liquid velocity gas velocity

(m/s) (m/s)

1.017
. -

GENTOP$E17ME'/ =
J.L_J_

faME— 516,483 1NERIT)

GENTOPHS (B ##AYESE

‘E D=
/l:b |\

S aHIE

iR E—

Siteat)

iy
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SERIERAIREIEFIEE Heterogeneous Drag Models)

B TR ARRRACAREIL, PRI =R

TR PRAZAK

B T FEAEN T, RITAEREIDEMZ AT
KEEFT A

B FluentdihYfilteredIEMMS R EFEHRESE R T R
RLHI SRR

> {ESCOREIAR Bl DIk PREZAK
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ZHIFAZT(NETLE A R)RR)

glrBFBJ1{A
ASR SNt

-~

Riser

Coal —>
Sorbent —>
Air —>|
Steam —>

Disengaﬁr
' Cycl 12

J-leg

Air/O,_ﬁé

Steam

To Primary
S > G, ¢ Coolor

Loopseal

Wilsonville Coal Gasifier Simulation: Oxygen concentration superimposed

on 0.90 void fraction isosurfaces, Guenther et al., 2002,

6.40e-01
6.08e-01
5.76e-01
5448-01
5.126-01
4808-01
4.480-01

——— 418501

3B848-01
3.522-01
3205-01
288801
2.56e-01
224e-01
1.92e-01
160e-01
1.28e-01
S60e-02
6 40e-02
420e-02
000e+00

)5

VYV V

10

\1

/

=

REY

TREUX

WER I

U a] WERE 550
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HPREEZRK

6 40e-01
6 0Be-01
5.768-01
5440-01
5.126-01
4.806-01
4.486-01

— 4.16e:01

3.84e-01
3.52e-01
3.206-01
2 B88e.01
2 56e-01
2 24e-01
1.92e-01
1.60e-01
1.28e-01
§60e-02
6 40e-02
320e-02
0 00e+00

6.40e-01
6 0Be-01
5.76e-01
5.440-01
5.12e-01
4.808-01
4.486-01

3.848-01
3.526-01
3.208-01
2 88e.01
2 56e-01
2 24e-01
1.92e-01
160e-01
1.28e-01
S 60e-02
6 40e-02
320e-02
000e+00

Q2R R CURIPRIZAK

1) A. Sarkar, et al., Chemical Engineering Science, 152, 443-456 (2016).

2) B. Lu et al., Chemical Engineering Science, 64, 3437-3447 (2009).

LNZN32vs

Y

IR
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=HIEAFS(LE..)

6.92 m

N

3.38 m

1.4 m

I

EMATR DL
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dp19

dp9

30000.0000 — —dpl
—dp9
—dp19

25000.0000 —

20000.0000 —

dpl,dpS 15000.0000 —

(pascal)
10000.0000 —

5000.0000 —

0.0000 A=
30.0000 40.0000 50.0000 60.0000 70.0000 80.0000 90.0000100.0000110.0000120.0000

flow-time {s)

=

{EHfilteredtEiY

> FilteredfUtREY S EUE—3X
> EMMSIREMHIE T2, (B T IREK

Dimensionless gas pressure

300

250

200

150

100

50

0

(] O Experimental data (case 3)
I i A Filtered models
?
B B EMMS model
u g |
x
|
&nm
u > my
Q
%, =
- |
|
. . ?@ @ BB M %
200 400 600 800 1000 1200

Dimensionless elevation

1400
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2020 R2 FAVOFFa M4 MuH

B Body-Force-Weighted E#HEFH NETE
o IRMHEIFAIICEN, SHMHFIERMT
® i RINEBFWHIPEHI

m Hybrid NITA %o
® AT MR B HIHI ST

® Turbulence Damping®i#
® i EZK-epsilont&Efy
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KOFAAYBody Force Weighted 53

Tt :
B 5VOF—E(EAAT, PRESTOFBody Force Weighted&BE ik

B PRESTO

- R BEEER, FTTEIVRE!
- TR XIASFORTE)ZoAEUR:,  (ERINITAK #=SET A ToE

Bm Body Force Weighted (BFW)
- LR XTSRS B IRAEUR,  ERANITARRE
- TR S EMIEEE R ERE], EREEER PBEIERE

2020 R2ARFRLIAEE
B BFWELERI XEE, CiElR 7 —EREIFHERHE T BFriISEIErIentt

TUI: solve/set/multiphase-numerics/advanced-stability-controls/p-v-coupling/
pressure-interpolation/modified-bfw-scheme?

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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RIIBT L 22 er RIS e IS Fa AR

RO =E

VBRI IR 22 )| 4T {4 (Fiberization)

PRESTO

HBFW
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Hybrid NITA Bz

B E T RENARTE S NEE (Instability Detector)
® N R A ETNEREIRER, LI EREEREIMRBIEEIREL,
® SRR FIEFT CFLAYA T2 EEraNBs B %P,

fsolve/set/multiphase-numerics/advanced-stability-controls/hybrid-nita/instability-detector> ena
enable i1nstability detector? [no] yes

fsolve/set/multiphase- numarics/advanced-stability-controls/hybrid-nita/instability- detectors
anable-1nstability-detector? sat-velocity-limit
sat-cfl-limt unstable- event-outer-1terations

fsolvesset/multiphase-numerics/advanced-stability-controls/hybrid-nitasinstability-detector> set-velocity-lamt
set velocity limt for detecting 1n51:ah1111:~,r [ 1000]

iW“WW'WW'

' A -
Sy \ ~
. "‘. .
'y o' ‘.‘ . ‘
RE N
R
X "
1e-09 T T T T
» -
‘ lterations
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%771:E51Ib

\LJ_|\

eI

B EREHIER

- %I~

AT

- Ek-omega

lane7mm

ne

Velocity
Magnitude
(mixture)

(m/s)

8.00e+00 —
7.00e+00 —
6.00e+00 —
5.006+00
4.00e+00 —
3.00e+00 —

2 00e+00 —

BRI KRR 1)
FEEHREE

pased treatmenty &

1.00e+00 PP ™ |

i

2lk-epsilont=gY

¢ plane7mm

¢ line

0.00e+00 ] T T T T T T T T T T T T T T T T T 1
0.0005 0.00055 0.0006 0.00065 O. 0007 0. 00075 0.0008 0.00085 0.0009 0.00095 0.001
Position (m)
JcDamping treatment

XJEEK-omegat&®! + Damping treatment :
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Velocity
Magnitude
(mixture)

(m/s)

HB—ShET SR B LR

8.00e+00 —
7.00e+00 —
6.00e+00 —
5.00e+00 —
4.00e+00 —
3.00e+00 —

2.00e+00 —

fbEE(Turbulence Damping): ¥ EZk-ef=EY

*0

1.00e+00 — © © ¢ o o e e 00000000sc00e®

il
ul

0 00e+00 1 ¥ T S T Y T Y = X T Lt T Y T Y T Y 1
0.0005 0.00055 0.0006 0.00065 O. 0007 0. 00075 0.0008 0.00085 0.0009 0.00095 0.001
Position (m)
ADamping treatment
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Schmehl & EAEHE(droplet breakup )#&EY

B Schmehli&iE4 fEiRE

B CFXHA]

-

s

HYMREY,

® TE{Hax(:

N

18

Sl
2

U Fluent® RS

-

=SCR R RN XI CRXRYES U ABYEIE
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AR RFC AR T LIS IRET
o EAIRYZSHI S5 MadabhushifB2AR{1L, {EATLA

X 53 88 S HUHR A

Bag
Breakup

We=10

Multimode
Breakup

We=20

Shear
Breakup

We=70

Schmehl et al. [1]

Centerline2

Centerline 3




Sum DPM Particles in Cell

|=|/\

#F—l—l_

n.—‘-.

DEIVI%IZIIVIDIVI

(it

= A

@15+

1200

1000 |

800 r

600 r

400 |

200

i

-

-

T B HERIBRR, )\Jf)utméﬁj:i SDEMBIFRE
ERER

i&Moving-Deforming Mesh (MDM) BYSRZE 4

=, DEM{FERI4EEE
B R FS5E

T

standard t1 ——
standard t2 ——
standard t3 ———
standard t4 ——
subtet t1
subtett2 ——
subtet t3 ——
subtet t4 ——

Results DEM Test Case Run: hourglass hexahedral mesh

standard

Z 1D.\)

#Maad(High-Resolution Tracking Model) & 14—

Results DEM Test Case Run: hourglass

* Small Differences in particle trajectory

« Stalled particle flow at different times
comparing standard and subtet tracking, but

this is also the case comparing hex, poly and
tet meshes with standard tracking and
related to not activated rotation

* No particles lost or stuck in both cases
standard and subtet tracking

10.5

11

11.5 12 12.5

time [s]

subtet
.
o
o
.
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HithiEas

B IR EER o TR E{EDPM G ET =
e DPM BES¥H MR
® DPM iBE¥PEIDIXIR
® DPM {B1EIR

B Eulerian Wall Film&iEXT1EHEERZH
o —Lo B/ S EAMEXRIT R
® DPM Collectiong23/DPM Coupling

v HEXIEEBERFEDPM InteractioniEIi£ T
® Phase Accretionf[]Phase ChangegF#H&E%5/9Phase Coupling

v 1EXRIGERIEPhase InteractionixIi£
® Sharp Edge AnglezkB#ZESolution Options ™

® Scalar DiffusivityfgZ=Material Options™~
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HtbIEf=EY (Other Physics / Models)

ONoUnhkwh =
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AT InR= IS kaER R R mE(General Turbo Interfaces)

Y FE AR =R A BB iR R ELhALIeE e o
B FREHES1EE (Species Models )IMTESBEI{4{5 3 P

- PR mZEE! (Frozen Rotor, Transient Rotor-Stator, and et Gamston Crambers T
Mixing Plane) l |

- oS8R
- LAK: GTIREWB A LUERUDS
B (FHSEIKEEEE (Segregated-PBNS)AfFrozen Rotorfll 2 |8
Transient Rotor-Statorn]{&EFSIMPLEC}ZET\ T\{%— | b
- R {E(HESCHEF{ESegregated-PBNSHEJ{sEFHSIMPLEC J—L—1 GT Hot Section

- £ Mixing Planeis B Er5Segregated-PBNSA G 1LHH

INTAKE COMPRESSION

- ]
(A watans b bl
r " (I HE - 118
N LI HES B Eegij:
i oy M”"Il'l b
H
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B FEESIEZS (NWS) #ZEi= -~ e Ge”e'm?'e:;::::rf/‘?

| em—y - cyl:nder

ﬁ
-‘
Turbme‘
blades I

llllllllllll

Magnetic

* field

m T Elﬂl" APIFFS RN TSR EEEAFRER

Steam outlet "*“;‘ ‘
YA Uk mitld /—7|&R ugzn —H— =
ANk d A NE AR

f*_b,)? (W\i’:\ V. ZanDEkE ANPHEE
RS

Moses & Stein CD Nozzle Test

- ,m:—w’ﬂr]??J—bL_——El'ﬂf EBEFIMT A
m i;ﬁTFluentFIJNWS HE(E R E EL(DBNS) K722, M2020R2
FatE el LA{ERAEAE (PBNS)I i

-
Normal to BC L
Flow direction ,‘
Non-slip wall _m
Outline View < Task Page L
v ] Multiphase Model (as superus =
dec AL Models N
- Setup | B JEFTUREL
@ General Model
- @ Models Off
B Multiphase (Wet Steam) Homogeneous Models: ; 1
(!) Energy (On) Volume of Fluid ! Experimen t i Experiment
. s . | uen Xxperimen
__ Viscous (Laminar) Mixture T FluentPBNS —— FluentDBNS
* Radiation (Off) ® Wet Steam = | ~ |
R 2 | g |
Heat.Exchanger (Off) Inhomogeneous Models: Zosl TSt # 2 O 330.6- TSt # 2 5 2
L1, Species (Off) e g | 2
+ I Discrete Phase (Off) 2l g i
o~ i i i i 1 § . B '. 30-4?
R s | I S R B
:,_; Acoustics (Off) ., [ Te =3683[Kl L LT =37431K]
3 Structure (Off) - : “I
i h{ B | I
[l Potential/Li-ion Battery (O m ‘ i ' ‘ iy ’ L -
+ [ cell Zone Conditions "5 4 2 5 8 . L A

Distance from Throat (cm) Distance from Throat (cm)
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R (Impedance)in &g NIEE

0.50

0.25 -

B EFluentr[BITAREERASEY /S (real/complex
poles) EIIASIER N Ay

—0.50 4

real, imag

/ * real Data
¥ imag Data
— real VFit

— Imag VFit

m Fluent 2020 R2KRIFFAVIUSTIREE TN E I EUEING e,

Bﬂj:ﬁ’q::l-:ll\l_- : Ell' 5[!1() lDIUO 15ID{} 2{):[}0 25:3(] 3{}:[}()
i A
NASA-TP-2679 it EUEL SR E
MATLABYJEY,

2 _\

B HnEdas<17I08E(command line utility) {558

RMS (Root Mean Square) Deviation

C:\Program Files\ANSYS Inc\v202\fluent\ntbin\win64>utility impedance -h
Usage: utility impedance [Options]

Options : [-1 iterations] [-t tolerance] [-p outPRFile] [-f outFregImpFile] inFile nR nC

-1 iterations : number of iterations, default 20

-t tolerance : convergence tolerance, default le-6

-p outPRFile: : pole/residue mapping to Fluent, i1if it is not specified, written to standard output

—-f outFreqgImpFile: fitted impedance data file, frequency real imag. 1f 1t 1s not specified, 1t is not written

inFile : input impedance data file in monitor format, frequency real imag
nk : number of real poles
nC : number of complex conjugate poles pairs

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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EEY /TR

B FRIRIREIINEEIE R
® o] L FENERAIERRIE (Opaque wall) EENX AR R
o WA RIBRINENIEISE ZEmEE (Wall Fluxes) &
v RENGVEEST (Surface Incident Radiation)
v IR BBETE S (Absorbed Irradiation Flux)
v RETiEEE S (Reflected Radiation Flux)
v IZEEEHE S (Transmitted Radiation Flux)
v J¢RBBEE S (Beam Irradiation Flux)
B o[ES2S3 4 H AETFCFFRY .h5i&T(3 4
® bt ERY.gZA& T B IR
B XJIRTERY/NEREEER

oL ugjﬂzl.td‘;ﬂu(gray model)BVInFREZAERT, RNEEEEIER(Internal Emissivity)EH Thermal
f=fzZRadiationf=,
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B HERARMHTOEEZ

HETENY +BERZRE]

E#‘Q\')(_J*QE

=RITEHIA I_
/(I ERE%

sy +HERE)

T35
Hthegl

ARV ERT =
X

® TF

/)EJZS%TNLEEE?—:W‘ R B8R

EE
® Yplus Based Heat Trans. Coef.

FTHY,

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

S AERE

XE

)drﬂ

® Yplus Based Heat Trans Ref. Temperature

B FRERJy+E2&{8(Reference Values)ibs
® ZAE: 300

HIRIAER

IIIIII

Ratio of Spec

Z 1D.\)

3.28e+02
3.26e+02
3240402
3.22e+02
3.20e+02
3.18¢+02
3.16e+02
3.14e+02
3.12e+02
3.10e+02
3.08e+02
3.06e+02
3.05e+02
3.02e+02
3.01e+02
2.95e+02
2.97e+02
2.95e+02
2.03e+02
291e+02
2.89e+02

Reference Values

Area (m2) |1

Density (kg/m3) 1.225
Enthalpy (j/kg) |0

Length (m) 1
ssure (pascal) 0

Temperature (k) 288.16

Velocity (m/s) 1

ity (kg/m-s) |1.7894e-05
cific Heats 1.4
Yplus for Heat Tran. Coef. |300
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EA (Intrinsic)ift/E3ZB{ER(FSI)

B IER T RAESZ: (Non-conformal) 3Z5RE

n RFE SRS RT R/ S E
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B GRANTA MDS Materials >

GRANTAM#IZHERI AT FluentfE oo N —

alloy-steel-af1410 Order Materials by
alloy-steel-fe-Scr-mo-v @® N
alloy-steel-iron-base-superalloy-a-286 - ame

B j@idGranta MDS license, fEFluentdEILAEIANSYS Granta s mmims -
Copy Materials from Case... |Delete

FERIMFEEEE —

® iﬂ700$¢lj’aEE/‘] = 14:1;2-*5'_ Iron-base-superalloy, Cr-Ni alloy, A-286, solution treated & aged

Data compiled by the Granta Design team at ANSYS (www.grantadesign.com) .

e EE. aFEEN ANSYS Ine. provides mo warranty for this data.
° ﬁAnsyS%WEiiﬂbﬁ, 15—t
m SIS

* £ (& ?_ﬂ,\ > BIFEEERE) — _

o IE. SAME. R B BB Bk Baw. AH T

I Chemical Formula

B Create/Edit Materials % Cp (Specific Heat) (j/kg-k) piecewise-linear ¥ || View...
Mame Material Type Order Materials by
alloy-steel-iron-base-superalloy-a-286 solid * | (m
2a 2 a ) Name- Thermal Conductivity (w/m-k) piecewise-linear ¥ [|View...
Chemical Formula Fluent Solid Materials '/ Chemical Formula
alloy-steel-iron-base-superalloy-a-286 v
[ Fluent Database... ]

Mixture

‘ Thermal Expansion Coefficient (1/k) piecewise-linear ¥ [|View...
none SE GRANTA MDS Database...

[I.lser—[}eﬁned Dal:aha&e...] .
Properties
Density (kg/m3) constant * || Edit... New... | (Edit—. | | Save
7944
Cp (Specific Heat) (j/kg-k) constant ¥ || Edit...

467.04
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350

300

m EEEIEE(Wall distance)itEniE
I Jl_t*WJ %f’zoo
® EB1/VOF

v 23.76M [RASERETT .

v Bf18)254<: 0.5 deg (9.8E-6 s) ;

v EBHE5E: 8500 RPM

v WIBIGTE: Implicit VOF/Energy/Sliding Mesh/k-e RANS/ ITA

solver
® MEEETETT
v 18%JF2020R1BHEETT
v 34% @ 512 cores, Windows HPC
v 25% @1920 cores, CRAY Linux systems
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EMotor 24M
Windows HPC

—8—20R2 Baseline =—#=20R2 Optimi

128 256 384 512 EMOFor 24M
Linux

Number of cores
900
800
200 —e—2020 R1 —#=2020 R2
600
500
e 400
300

200

100

0 320 640 960 1280 1600 1920
Number of cores
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B XSRS KEESAIIMREER, ILU Smootherts

3 ~40% Bja]mE

Bid5IntellE1ERFluentt@inMKLEYILU Smoother

m XJF1 1T40MEH)
® ~15% MBEIRFt, {FFCascade Lake Intel4bIE

® ~10% %ReRTT, EEFAEPYC AMD4LIERS

B A -platform=intel option ({XLinux)
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300.0

200.0

100.0
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MW Baseline
B MKL ILU
B Enhancement

F1_140M

192 384 224 448

203.6
236.9

16.4%

CLX 8260

405.0
469.9

16.0%

220.4
253.7

15.1%

CLX 8280

438.0
502.1

14.6%

256 384

252.9
280.3

10.8%

390.7
427.9
9.5%
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2EEE (Numerics)

B T AOEKESSAIRIEFZ(Correction-form)i5Eln

® R KR
v BESHHEALIBI R

® JEL:I-.TU“IID ~(1§ J.

/solve/set/advanced/correction-form y

B Z2EENUENERALTI

SRR S N NEEE

® 7 £2020R13 |\, XJ-

ESLiE (BRRERIRE)
v B LB B TR R R A T
® XIEE KAFRRIIEZI5 %

AR E LR
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pressure
= = = = nterior outlet

_h.

moving wall

_h.

B l\\ |
\ reference velocity
pressure inlet
reference cell
pressure
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B FHSEES (overset-specific) BHEMNKRISIRFAESMIEANESE, oJE
® FEHYIHRIZEIT(orphan cells)
® [FEBHIDonor / Receptor MR J X5

B FRTUIGSERE

/define/overset-interfaces/adapt/adapt-mesh

B IEN

Adapted Mesh After Adaption
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B FERBETEIGEKO (- Xk-w) imiitEi
® iHlR "AeEmimn HIRIR
® Uik
v BiiHERIRENTSEE S BIRMUET, FRKREBEENNER
v SRIEITGEKOSEHIBURNE, 1X9GEKOBRBYRERE 7 ISR /5%

_IBES={=§

® N AEEEIRIEES (Intermittency transition model)
® (FfEKFlomega o FEAUFRE L FRAETISEEME, PIEeMEIal.,
® T ¥fEKflomegastE, KEEEMELIEANTEFNFIEAE .

mEN

o WAL, RBEVENERFEmALSTE, AINSEIEEREN. EXZHERT, &
himi B M1Z A LATE R TAE,
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Adjoint Prediction
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Observable

Design Iterations

1
1.0000

31420.0000 —

31418.0000 —

31416.0000 —

31414.0000

Adjoint Prediction
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Design Iterations

T
0.5000 IJIJIJIJ
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\
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—
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oooooooooo X
| sign Change m
Morphing Method Mesh Histo pod
(@ Polynomials ) Di polati n o
Freeforn|| Reset Reference Mesh
one Be Modified [1/5] @ @ @ Applied Conditions [0/0] @ @ @ (e) Contrl [
inlet
tlet Paramet = — — — —
fvl;ui_deforming Surfaces |Filter Text ['_«D| [_—'| [;f.‘ ['_:-c|
lls_fixed downs m
walls_fixed_upstream inlet
interior-fluid-deforming
interior-fluid-deforming-fluid-not-deforming-downstream
interior-fluid-deforming-fluid-not-deforming-upstream
interior-fluid-not-deforming-downstream
[ Display ][ Strict Conditions... interior-fluid-not-deform ing—u pstream
outlet
Workflow esults -
( : walls_deforming
EEEEE I File Name v -,
[ walls_fixed downstream
calcul gn Chang | heatflux heatfl - —
walls_fixed upstream
[ Export... I - -
Mesh
[Preview... ” Modify |
[ Revert [|[ History... l] [ Overlay Reference | [ Export Displacements | | Help |

B WIIRER BT ESIRIITERZGHRAIEFITHLEY LI AZIR

B SHENFE (Export Displacement) FIGMigS==ZMEE (Overlay Reference) #H{TEEER
B/EESEMIE

RH . SZRFRYACFFREZURF R case 4,
SR : DooesA s FFMIEEEMBS: §QW¢Q1‘|‘*§ZEEQE’JT§E«E
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Bounding Surfaces

Bounded Surfaces Filter Text

clip-x-coordinate-10
clip-x-coordinate-11
clip-y-coordinate-13
inlet

outlet

walls_deforming
walls_fixed_downstream
walls_fixed upstream

=z
B 3%

® R :

Rz E5RRE

PRSI
{UEFE

IMrIZE,

Imported Surfaces Filter Text [FD} [_=] [E,] ['=>c

|

interior-fluid-deforming-fluid-not-deforming-downstream
interior-fluid-deforming-fluid-not-deforming-upstream
interior-fluid-not-deforming-upstream
interior-fluid-deforming
interior-fluid-not-deforming-downstream

inlet

outlet

walls_deforming

walls_fixed_downstream

walls_fixed upstream

[Read...| [Delete| [Display| [orientation...

| offset 0.05 ]

Fit to the imported surfaces?

UL,
Nl )=t

QALJI
=

)

dil

YK
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¥ Motion ¥ Motion Z Motion
Points Points Points
20 || 3 <l || 20

| Motion Enabled

Invariant in X

| Motion Enabled

Invariant in X

| Motion Enabled
W | Invariant in X
Invariant in Y

Invariant in Y | Invariant in Y

Invariant in Z Invariant in 2 Invariant in Z

Symmetry of Motion
Symmetric in X
| Symmetric in Y

Symmetric in Z

L

B 5t Xia &4
BEHANRFEG
KK EMRI X 5414,
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JTTEXIFANEE

Advanced Settings
In X in¥Y In Z
Points Points Points
20 vl || 20 <l || 20 -
v Motion Enabled v Motion Enabled v Motion Enabled
Invariant Invariant Invariant
Symmetric Symmetric Symmetric
v Advanced Settings
In X in¥Y In Z
Points Points Points
20 <l || 20 <l || 20 -

| Motion Enabled

| Invariant

| X Motion Invariant
| ¥ Motion Invariant

| Z Motion Invariant

Symmetric

' Motion Enabled

Invariant

X Motion Invariant
Y Motion Invariant

Z Motion Invariant

Symmetric

' Motion Enabled

Invariant

¥ Motion Invariant
Y Motion Invariant

Z Motion Invariant

Symmetric
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ARERIEENFAS .

HPE—, —

-5.95e-03 -4.47e-03 -Z.89e-03 -1.36e-03 1.72e-04 1.70e-03 J.23e-03 4.25e-03
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In X inY In Z
v Motion Enabled v/ Motion Enabled |+ Motion Enabled
Symmetric Symmetric v Symmetric
Region Boundary Continuity
v Apply Continuity

Contours of Normal Optimal Displacement Feb 19, 2020
ANSYS Fluent (3d, dp, pbns, ske)
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In Theta Radially Axially
+ Motion Enabled ' Motion Enabled + Motion Enabled

Symmetric Symmetric

Region Boundary Continuity
v Apply Continuity
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BEELIKEE ( Gradient Optimizer ) BI9GH

2020R1

SRgHTEIMEZE, ERHRERE
g8,
SAERRET A, MEEREET
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2020R2

1

fLitsehk

S E

£

S B ERAINEN e+

@@ﬁﬁﬁ%ﬂﬁﬁ;ﬁﬁﬁzm,ﬁﬁ%
MEHFTNH R ICR hMEs.

E%&%ﬁﬁﬁﬁ%ﬁ,mﬁﬁﬁﬁéﬁﬁu
TaE,

EEFTAMIRERGSE, LUERINER

EfRIREERL.
EE—EEOAMEUSIMCAFRNRE.

IR EIHISEEEE iRs))/ FREE U SFluent
B RS

BT

n Adjoint Optirmizer Observables X

Define observahles...]

Optimizer Observables [2/2] @

force-01
heat-flux_rl

m | cancel | [ Help |
B Gradient-Based Optimizer

Objectives

¥

[ Observables... ][ Operating Conditions...

1D Condition Observable Goal Walue Percentage?
1 2||0 4| |heat-flux_r1 Target ~ ||-0.001 | V¥
2 2l|o 2| |force-01 Target ~ ||-5 v

v Adaptive Value

Optimizer Settings

Curr. Design Iteration | 0 -

Mo. of Design Iterations | 1 - Convergence Criteria 0.005

Mo. of Flow Iterations | 500 = No. of Adjoint Iterations = 300 -

esign Tool & Mesh Quality
ESe‘t Design Tool...] ]

Min. Cell Volume 0 Min. Orthogonal Quality |0

[print Current Statusl Improve Mesh Quality After Morphing
Calculation Activities

[ Monitor... ][ Autosave... ]

[ Execute Commands... ][ Solution Animation... ]

Calculation

| mitialize | Reset |

[ Optimize ][ 5ummarize]

[ apply | [ Default |
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SHEREREAISTL

B GHEmSHEISTL
® E AR AYIGENE Surfaces [Filter Text BIEIENE

B export sTL ¥

o

— = Inlet
o S EE RS BRI TR, E——
¥-coordinate-11
® /\1&)\—\L Jo i GUHEL t
- Wall

walls_deforming
walls_fixed downstream
walls_fixed upstream

(oK | [Export... | [ cancel | [elp |

A
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(E%MFERTT =/ AIRIAT

B (FERRIATVZHMILS

o G, LU

HIE — MK

contour-2
Volume fraction (phase...

0.00e+00 1.50e-01

n Patch

Reference Frame Value
(®) Relative to Cell Zone IF(y < 0 [m],1,0)

() Absolute
Use Field Function
Phase
phase-2 - | Field Function
dynamic-head
Variable

Yolume Fraction

Volume Fraction Patch Options
| Patch Reconstructed Interface

WVolumetric Smoothing

Fx

ot
Zones to Patch |Filter Text [=g| [—=,| [E/| [=>c|
fluid
Registers to Patch [0/0] [—=| [Ef| ['=>c|

o) (D v

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

3.00e-01

450e-01

6.00e-01 7.50e-01
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® LWRESEREZE/ZIEINEEE
o LWREUDFERS

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

functions?
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i}

Xt

Xt

BT RS RN A BERORE, (R EREE
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Name
parabolic_profile

B soresir wmax*(1-(x~2+y~2)/Radius*2)

'_Qgﬁnitinn

max*(1-(x~2+y~2)/Radius~2)

Y e T = =

BAE D

dl

Current Value |Refresh value

Details
Primary Independent Variable
x(m) i
Count 100 -
Min O
Max .010

Secondary Independent Variable

y (m) bt

Curves 11 =

Min -0.010

Max 0.010

Use as Input Parameter

Use as Output Parameter

vmax*(1-(x~2+y " 2)/Radius™2) (m s"-1)

‘ Plat

0.0025 0.0050 0.0075 0.0100
* (m)

o e s e

By =-0.01
By =-0.008
By =-0,008
By =-0.004
By =-0.002
By=0]

Oy =0,002
By =0.004
By =0,006
By =0,008
By =001

cocs




Z 1D.\)

RIATUFTLIRE

RENIMNFZIREN (SKANEFY(E)

® Sum(<expr>, <boundary locations>, Weight= “MassFlowRate" )
v I ERE N EE LS SHIRERE

® Sum(<expr>, <boundary locations>, Weight= "AbsMassFlowRate" )
v I ERE MNMHEE LRIREREREITE

® Sum(<expr>, <volumetric locations>, Weight= “Mass” )

“

B bessell) besselY

B Step

m A ()
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e flun, {1 [kg/s]/ Area () EXRERE
5ﬁ,ﬁ$ME%&

® AR LA 7 AN BB FEfthA5R
SUTAERT

B EE(EAEMESE
® (FE&EtlEReport Definitions)

B — X ERZ I EEAEHIZRIAT
B MTUIEH/SAGRFERINENX

\\}P
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name 'MassFra’ is not defined

Current Value |Refresh value

Details

Description

Used In

Use as Input Farameter
+| Use as Output Parameter

| Functions =

[ Variables i

|_ Constants =

| Repart Definitions +

|_ Locations -

B3 (conce) ()
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Sthumad P IERAI 3R

WiEFFERARIANLAER R
=N LA HZERIE

=, HLAR

n Piecewise-Polynomial Profile
Define

Cp

Range  Minimum Maximum
1 : 300 1000

Coefficients

1103.71 2 6.6168
3 5]

Primary Independent Variable
StaticTemperature (K} =

e,

Count | 100 =
Min 300
Max 4000

Cp (i’ka-k)

3 -0.0040331 4/1.4615e-06
7 8

1.011e+04

StaticTemperature (K)

[Cop',r to Cﬁphuard] [Reset Zoom

ox| (cancel) [welp)
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Meshing Workflow - Basic Settings
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Ctrl LMB Dra | Box Select Toggle v |
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R Shift Fit to Window
Ctl Select Toggle Probe
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HE )] Shift Box Select Add Zoom
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pressure-outlet W B2 Pressure Outlet >
- - Fhase
outlet | mixture - Zone Name
[mbture | outlet phase-2 ¥
Gauge Pressure ( phase-1 misture
Momentum Thermal Radiation Species DPM | Multiphase ppoca-1 UDS
Backflow Total Temperal Phase-2 ﬁm
L ] Volume Fraction Specification Method Backflow Volume Fraction v
Backflow Direction Specification Method Normal to Boundary hd
il & Backflow Volume Fraction v
Backflow Pressure Specification Total Pressure -
More Apply [CH}E’E} [Help}
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atomizer X
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o IREEEMENE BRI EATLNTR =5
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o I E B S HHEIEISE:
File— Preferences — Appearance — Show
model edges

n FEEREORE AR R RIS

2| (Scene)

11111111
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B AE

=iZINEe, 1@idSampling Options (Zone

Solution Processing
Statistics
+| Data Sampling for Time Statistics
Sampling Interval Sampled Time (s)
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1 2 |0

[ Sampling Options...
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[ Data File Quantities...

Solution Advancement

[ Calculate
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n Zone-Specific Sampling Options

Zones |Filter Text

= Fluid
fluid-ratar
fluid-stator

= Inlet
rotar-inlet

= Interface
rotar-interface
stator-interface

= Dutlet
stator-outlet

= Periodic
rotor-per-1
rotor-per-2
stator-per-1
stator-per-2

= Wall
rotar-blade-1
rotor-blade-2
rotor-hub
rotor-shroud
stator-blade-1
stator-blade-2
stator-blade-3
stator-blade-4
stator-hub
stator-shroud

@ Quantities |Filter Text

Data sets |Filter Text

&
Mesh Z Velocity .

1 Criterion Mormalized
Q Criterion Raw

Mesh Y Velocity wall-temperature [10 zones]
z-velocity [2 zones]
x-velocity [2 zones]

velocity-magnitude [2 zones]

Radial Velocity y-velocity [2 zones]
Tangential Velocity yplus-based-heat-tran.-ref.-temperature [10 zones]
Velocity Angle yplus-based-heat-tran.-coef. [10 zones]

Velocity Magnitude
Vorticity Magnitude
® Velocity
* Vorticity
¥ Velocity
¥ Varticity
Z Velocity
Z Vorticity
- Wall Fluxes...
Skin Friction Coefficient
Surface Heat Transfer Coef.
Surface Musselt Mumber
Surface Stanton Mumber
Total Surface Heat Flux
Wall Adjacent Heat Transfer Coef.
Wall Func. Heat Tran. Coef.
# Wall Shear Stress
Y Wall Shear Stress
¥plus Based Heat Tran. Coef.

X

B EE
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