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Introduction

* This workshop demonstrates how Ohmic losses can be transferred from Maxwell to
Icepak in ANSYS Electronics Desktop using 2-Way Coupling

* This workshop involves an eddy current solver of Maxwell to calculate heat losses
which are then applied to Icepak to simulate natural convection.
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Getting Started

* ANSYS Electronics Desktop is the electronics equivalent to
ANSYS Workbench

 The tool is located under the ANSYS EM Suite 2020 R1
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Open Maxwell Project

* Open the Maxwell project file ‘Maxwell_Icepak_Coupling_20202R1” from the workshop
fOIder B Ansvs Elec

File Edit

_’;( H lﬂ J [ Save Archive # Cut %) Undo g

@ Restore Archive | =3 Copy (¥ Redo
ben Save Save Close HF55 Q30 Circuit lcepak Maxwell Simplorer
nples As 4 Paste X Delete - - - -

o B8t Update Definitions T Project Variables  [o—]
i = 0N

General Help  AMNSYS
8} edit Definitions ~ & Event Callbacks  gptions =

B Remove Unused Definitions |/~ Datasets

Simulation Automation

Project Manager a =
- F Project1

Loak in: I Maxwell j = £k B
* Mame - Date modified Type
. Maxwell_lcepak_Coupling_2020R1.aedtresults  3/5/2020 1:13 PM File folder
Quick access .
AMaxwell_lcepak_Couleng_2020R1 8M15/2018 1:15PM AnsysEDT
Desktop
g | Select file to preview
Libraries
This PC
Network
< >
File name: I j Open
Files of type: IﬁNSYS Blectronics Desktop Project Files {'.aaj Cancel |
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Geometry in Maxwell GUI
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Maxwell: Assignment of Material Properties

» Select the Stock object from the history tree, right-click and select Assign Material.

* In the Select Definition panel, select View/Edit Materials to open View/Edit Material
Panel ( shown in the next slide)

Select Definition >
=% Model Vatera l |
enals | Material Fitters
=& Solids
54 aluminum Search Parameters
Search by Name Search Criteria Libraries [ Show Project definitions [ Select all libraries
. :?m‘ | * by Name " by Property | |fsys] Materials
P Expand All |
T copper Relative Pemittivity J
549 vacuurr Collapse All —
4 0O
Sheets Select 2 ,/I N Locati Relative Relative B~
#-" Lines Edit 5 =me cation Pemittivity Pemeability Cond
#le. Coordinate Sy ‘ 1 =
s & Planes Group > aluminum SysLibrary Materials 1 1.000021 38000000sie
5@ Lists Create 3D Component... aluminum_EC SysLibrary Materials 1 1.000021 36000000sie
B Assi M ial aluminum_no2_EC SysLibrary Materials 1 1.000021 33000000sie
Sign heaterion... Aron 25FR fm) SysLibrary Materials 158 1 0
View > Adon 25N dm) SysLibrary Materials 338 1 1]
Properties Ardon AD1000 {tm) SysLibrary Materials 10.2 1 1]
Aach 8 d 5 Ardon ADZ50A, {tm) SysLibrary Materials 25 1 1]
AHON SOUONY Aron AD255A gm) SysLibrary Materials 255 1 0
Assign Excitation > Arlon AD255C tm) SysLibrary Materials 255 1 0
Assign Parameters > Ardon AD260A {m) SysLibrary Materialz 26 1 0 v
Assign Mesh Operation > | . >
Fields > View/Edit Materials... Add Material... Clone Material(s) Remove Materialls) ‘ Export to Library... |
Plot Mesh... 0K | Cancel | Help |
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Maxwell: Thermal Modifier

 Enable Thermal Modifier.

* Go to the Thermal Modifier column for
bulk conductivity and select Edit from
the drop-down menu.

* This will open ‘Edit Thermal Modifier’
panel ( shown in the next slide)

1 View / Edit Material

b aterial Mame

tdaterial Coordinate System Tywpe:

|aluminum | Cartezian i
Properties of the M aterial Wiew/E dit M aterial far
M ame | Tepe | alue | Units | Thermal Modifier | ¥ Active Design
Cm-.;v;xy S T ~ ) ]
. Active P t
Rrelative Permeabiliy 1.000021 Mone FHvE FIolee
Bulk. Conductivity Simple ziemenzdm ([ - = Al Properties
Dielectric Lozs Tangent | Simple | 0 '“E’ Phpsics:
— : :
\ | Magnetic Lozs Tangent | Simple |0 7 -' £ [
Core Logzs Model Mone w3 v
t azz Density Simple | 2689 kgém™3 Mone
Composzition Solid [
Wiew 'E dit Modifier for
v Thermal Madifier
—
b aterial Appearance
[ Usze Material Appearance

Motes |

|Ealculate Froperties for: J

Y alidate Matenal
| | Cancel |
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Maxwell: Temperature Dependent Bulk Conductivity

* In the Edit Thermal Modifier panel,

Set modifier as:

if (Temp <=22, 1, 1/(1+0.0039*(Temp-22)))
* Click OK.

Note: In order to use 2-ways coupling
Temperature dependent properties are required
for at least one component

X
® Expressior

¢ Expression

|

k)

(" Quadratic

Temperature-Dependent Bulk Conductivity:
P(Temp) = Pref [Modifier]

Reference Bulk Conductivity

f Pref = 38000000siemens/m

|

Modifier

L Parameters

if(Temp <=22,1, 1/(1+0.0039*(Temp -22)))

——

[ Use temperature dependent dataset

[OK

] Cancel ‘
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Maxwell: Enable Temperature Feedback

1. From the Main Menu use Maxwell 3D = Set Object Temperature.

- This feature can also be accessed from the Project manager - Maxwell_Stock Coil> RMB->Set

Object Temperature

2. In the Temperature of Objects panel, enable Include Temperature
Dependence and Enable Feedback.

Maxwell 3D Tools Window Help

3. Click OK. |

# Validation Check...
@ Analyze All

A Submit Job...

B Edit Notes...

Toolkit

3D Model Editor
Set Object Temperature...

Design Settings...

Translate Material Database...

Model

Optimetrics Analysis
Fields

Results
Create 2D Design...
Export Equivalent Circuit

Design Properties...

Design Datasets...

Enable Harmonic Force Calculation...

Temperature of Objects

/ ObjectNa...

¥ Include Temperature Dependence

22

I 3

Region vacuum
Stack aluminum
—_—> coil copper
Select By Name: |
Temperature: |22

. oK

[¢" Enable Feedback

Material | Temperature Dependent | Temperature n

|
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Maxwell : Solution Type

* Right click on the Project Maxwell Stock_ Coil = Solution Type and define ‘Eddy Current’
under Magnetic solution type.

EI@ Maxwell_Icepak Coupling_ 2020R1* I| E|l—;J T
EF 7 Maxwell_Sigy — ) Solution Type: Maxwell_|cepak_Coupling_2020R....
= & Cepy Ctrl+C
g 30 Comp
----- ¥ fﬁ& Model Paste Cirl+V
- ¥ Boundari
Rename F2 B
-4 Excitatior b agnetic:
Delete Delete
‘ﬁ Paramete o
[ {* Magnetostatic
=B Mesh Convert to Full Access
L |
ER Leng Convert to Read Only — {* Eddy Current
----- JF Analysis
Optimetri Solution Type... {° Tranzient
----- Results  (um————
----- Field O I
T PO g\ idation Check. a _
El-/Z1 Definitions ) ) E lectric:
_____ {88 Compone Analyze All it
----- [£3 Symbols Submit Job... { " Electrostatic
----- [ Footprint J&)  Edit Notes... _
_____ [ Padstack (" DC Conduction
..... (23] Models Toolkit
—
""" (L Padages 35 p1ogel Editor
m-[23 Materials . i i
(53 surface p Set Object Temperature... (" Electic Transient
LEF steel Enable Harmonic Force Calculation...
----- [[3 Scripts Design Settings...
) Ok Cancel
Translate Matenal Database...
Create 2D Design...
Export Equivalent Circuit
Design Properties...
Design Datasets...
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Maxwell : Eddy Effects...

* Right click on ‘Excitations’ = Set Eddy Effects and select Eddy Effect for the object Stock.

Ellm Maxwell_Icepak_Coupling_2020R1* Set Eddy Effect >
E@ Marxwell_stock_Coil (EddyCurrent)®
=
~iggp 30 Components se checkbores ta turn ondaff eddy effect or Jse suggested values
----- il Model deformation current settings:
- Boundaries
- W Object | Eddy Effect | Displacement Current
g% Para Assign » Stock, v |
-8 Mest List... coil [ |
o ? Il Reassign... Region [ [
""" i na Delete All
.@ Opti
_____ Rest Visualization... —
..... % Field Set Default Base Mame
3.7 Definiti
= [:I[:EI EID:_II Conduction Paths *
_____ (3 Symi External Circuit ':*
----- (L3 Foot Add Winding... Select By Mame. .. |
----- (3 Pads Set Eddy Effects...
""" g rﬂdd; Set Core Loss.., ] Cancel |
..... a -
-2 Materials L " " q
&[0 Surface Materials This example uses a stranded "bulk" coil. For such
Steel-ovidised-surface ] 1
_____ DEW cases, the eddy effect is turned OFF for coil and only

the DC winding losses are calculated.
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Maxwell : Current Excitation

e Define the Current properties as shown in the Current Excitation panel.

3--@ Maxwell_Icepak_Coupling_2020R1* EII_:" Solids
E@ Maxwell_Stock_Coil (EddyCurrent)® EI! gluminum
é 30 Components EII_:’| Stock
?55 Model a CreateBox
[ Boundaries EE Subtract
]2 Excitations H-4" Hole
-y [—]s copper
& Paran Rename F2 F- coil
5B Mesh & Delete Delete =S¥ vacuum
LLER Le - #-” Region
ﬁ Analy ] -3 Sheets
@ Optim Select Assignment E-" Lines
Resul Properties E|I¢ Coordinate Systems
) P [ WP
% Field ¢ —
EID Diefinition: Rea 55igr1 Current Excitation X
(23 Comp Add to Assignment e Dstiuhs
-3 Symb: Remove from Assignment
|7 Footp. . Name [curenti
(2] Padstacks Parameters
-] Models
g packa Value 2742 A v
ackages |
EJD Materials Phase |D [aeg =] 1
|:—:||:| Surface Materials — S GEerr f
LB steel-oxidised-surface f
D Scripts Swap Direction
Use Defaults
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Maxwell : Add Solution Setup

* In the Solve Setup Panel go through the General, Convergence and Solver panel as

shown below:

ﬂ—l Maxwell_Icepak_Coupling_2020R1*
E@ Maxwell_Stock_Coil (EddyCurrent)®
.E, 3D Components

----- ‘i Model

- Boundaries

-4 Exditations

.. Currentl
& Parameters

=-B8 Mesh

0| Paste

Add Solution Setup..,
List...

""" O Analyze All

Revert to Initial Temperature
..... (3 P Revert to Initial Mesh

..... 23 ™ Generate Mesh

----- @ e View Mesh Feedback...

-3 5. Clear Linked Data
Im Steel-oxidised-surface
----- (2 scripts

Solve Setup

c General lonvergence ] Expression Cache ] Solver] Frequency Sweep ] Defaults ]
Mame: Setup1] W Enabled

/ Adaptive Setup
[10

Maximum Number of Passes:

Percent Emor: |D-‘I

Parameters

[~ Solve Fields Only

Solve Matrix: (s Afterlast pass

" Only after convemina

Solve Setup
Generesswon Cache I Solver | Frequency Sweep I Defauits I
Standard
Refinement Per Pass B =
Minimum Number of Passes: ’r:
Minimum Converged Passes: 1

Use Defaults

Solve Setup

Use D

General ] Caonvergence ] Expression Cac: Frequency Sweep ] Defaults I

Adaptive Frequency: 200

e -]

[+ Smocth BH C}we

[ Enable terative Solver

Monlinear Residual: |D.DDD'|

ok | cancel

Relative Residual:

[ Use higher order shape functions
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Maxwell : Validate

B File Edit View Project Draw Modeler Maxwell 300 Tools Window Help

Moo 7 5 B

Save ; _ Mesh Mesh Setup Optimetric
[ Paste Delete | Sattings Feedback v

=
E EEAnalysis Config —_— o=

Validate Ahalyze HPC Scheduler Submit Monitor

All Options

EEE Active: Local - I re
—

Desktop View Draw Model Simulation Results Automation

Project Manager o= @ R Model
E|-- Maxwell Icepak Coupling_2020R1* =47 Solids

El@ Maxwell_sStock_Coil (EddyCurrent)* E! aluminum

é 30 Components E||_:J Stock

----- ] fﬂa Model a CreateBox

-9 Boundaries E||E Subtract

B2 Excitations - Hole
.8 Current1 E! copper

- Parameters [ -l coil

=-B8 Mesh Validation Check: Maxwell_lcepak_Coupling_2020R1 - Maxwell_Stock_Coil >

hl‘\l

[]ﬁ Analysis . e Design Settings
@ Optimetrics J b ammell_Stack_Coil & 30 Madel
..... Results ¥ Boundaries and E xcitations

""" % Field Overlays " alidation Check completed, & Parameters
223 Definitions < Mesh Operations
..... (L1 Components ¥ Analysiz Setup
..... (23 Symbals ' Optimetrics

----- D Footprints
----- (2 Padstacks

..... (23 Models Cloze |
..... [ Packages

E]'"D Materials

223 Surface Materials

----- Im Steel-oxidised-surface

[

LY
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Maxwell : Solve

.1 ANSYS Electronics Desktop 2020 R1 - Maxwell_lcepak_Coupling_2020R1 - Maxwell_Stock_Ceil - 3D Modeler - [Maxwell_lcepak_Coupling_2020R1 - Maxwell_Stock_Coil - |

Windo

Maxwell 3D Tools
- =y pE
I oo R v |
v R v

B File Edit View Project Draw Modeler
| I , Cut Undo @ @ % : EEE Active: Local
EE| fo )
Copy Redo E E,EAnaIysis Config — e o
Save ~ Mesh Mesh Setup Optimetrics  Validat§ Analyze HPC Scheduler Submit Monitor
[ Paste Settings Feedback - All Options
Desktop View Drraw Model Simulation Results Auto
7 x § =-gh Model

2

Project Manager

= Im Maxwell_Icepak_Coupling_2020R1*
E@ Maxwell_Stock_Coil (EddyCurrent)*

é 30 Components

..... 8 Model

. Boundaries

-4 Excitations

&J Currentl

% Parameters

=-B8 Mesh
-3 Sheets

[]---}? Analysis

l@ Optimetrics "™ Lines

----- Results =] IA Coordinate Systems
----- % Field Overlays B‘ Global

=23 Definitions w RelativeCsl

----- (2] Components -4 Planes

----- (21 Symbals - Lists

----- D Footprints

L1 Materials
=1-[Z3 Surface Materials
Im Steel-oxidised-surface

... Seripts

|
500 {mm}) _4=.=====’=’==

[
250

% @ Progress

Mawwell_lcepak_Coupling_2020R1 - Maxwel_Stock_Coil - Setupl: Seed Initial Mesh on Local Machine - RUMM
]
Doing post-read operations

Message Manager
¥ Maxwell_lcepak_Coupling_2020R1 (D:/2020R1_Training_Material_Update/Maxwell /)
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Maxwell : Convergence

=
= i1
B File Edit View Project Draw Modeler Maxwell 30 Toels Window Help
I ‘E:EIE Delete All Reports E m Browse Solutions
oo .
1 , 85l ¥ ﬂ Clean Up Solutions
Save Output EddyCurrent Fields Solution
[ Paste - Variables Report~ Report 7 Data

Desktop View Draw Model Simulatior‘ Results Automation

Project Manager

Pl Model
| B Selids

EHE Maxwell_Icepak_Coupling_2020R1*

E@ Maxwell_Stock_Coil (EddyCurrent)* E! aluminum
= =
- 30 Companents e | B Stock i Solutions: Maxwell_Icepak_Coupling_2020R1 - Maxwell_Stock_Cail — O X
| B Solutions: Maxwell_|cepak_Coupling_. - Maxwell_Stock_Coi —
""" Model Sol Maswell_lcepak_Coupling_2020R1 - Maxwell_Stock_Coil O X
--{ Boundaries Simulation: | Setupt |
-4 Exditations Simulation: |Setup'| j
.89 Currentl Design Variatior: [ J Qy
% Parameters Design ¥ ariation: | J Qy
=-B8 Mesh Profile | Convengence Winding] Loss ] Extemal Circu'rt] Force ] Torque] Matrix ] Mesh Statistics]
el Length1 Profile ]I:on\tergence] Winding] Loss ] Extemal Circui‘t] Force ] Torquel Matrix ] Mesh Statistics]
I:l'"}? Analysis Murnber of Passes Pass | # Tetrahedlal Total Energy [J]| Energy Error [%] | Delta Energy [%]
@ Optimetrics Task | Real Time | CPU Time | Memany | Infarmation & — Com_pleted 4 1 52230 0.29167 090939 MNAs
Results Salver DCS2 000000 000000 216M 16424 mats, OKB disk e 1Y 2 6814 0.28877 011007 065279
""" T Field Overlays Solver DCS2 ORODOD 000000 |Z1EM 16424 matrie, OKE disk Minimum 4 I 0.28567 0.045358 0.066513
=0 Eﬁg“’””s . Solver DCS2 000000 000000 Z1EM 16424 matrie, OKB disk Eneray Enor/Delta Energy (%] 4 116129 0.28348 0.026848 0.032795
""" o Ssn”:bpz;e” Solver DCS2 000000 | OGOGOD  21EM 16424 matris, OKE disk Taget (01.01)
_____ &5 Footpris Solver DCS2 0BO0OD 000000 ZIEM 16424 mat, OKE disk Cunent (0.025848, 0.032735)
_____ [ Padstacks Solver DES2 000000 00:00:00 21.6 M 16424 matriy,  OKE disk. iew: (% Table " Plot
_____ [ Models Salver DCS2 00:00:21 00:00:41 245G 177163 matrix,  OKB disk | ——
..... [C Packages adapt 00:00; 33 000042 101G 116129 tetrabedra % Export...
[]---D Materials Adaptive Pazzes converged
(L7 Surface Materials
@ Steel-oxidised-surface Solution Process Elapzed time : 00:04:09 , M axwell ComE ngine Memary - 7
o [:I Saipts Tatal 00:03:54 00:04:1 Time: 030642020 20:31:35, Statuz: Mormal Completion
v
< > Default Settings
Save Defaults Clear Defaults
Export...
Close Close
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Maxwell : Calculate Ohmic Loss for Stock using Field Calculator

* From Fields Calculator panel | Feecenee TR I :

I . E‘@ Maxwell_Icepak_Coupling_2020R1% Hamed Expressions Cartest: Mamwel_Stock_Ceil
se eCt o -8l Maxwell_Stock_Coil (EddyCurrent)*
é 3D Components

1. Input = Quantity> | Breca
OhmiclLoss £ Boundaries

B4 Excitations

Solution: Setupl : Lastddaptive -

Delete Field Type: Fields

Delete Al Freq 200Hz
Phase 'ﬁ

----- £ Curren
2. Input=> Geometry = Volume g reameie. e
9 StOCk El-B8 Mesh Library: oad From... | ave Ta.. |

3. Scalar 2 [ ( Integrate) 5 P ol :

Change Yariable Yalues. ..

cl: | b
@ Optimetrics

----- Results

Click Add... and enter Nameas- | . &
loss_stock & 22 Defitor
Plot Mesh...

Select “loss_stock” from Named ta Modiy Plots. .
expressions list and Select “Copy g Modify Plot Attibutes.. e e e
|

Fields »

Quanty ¥ | ? Value

to staCk” Set Context To Active Window... Geomely... | - | 174 Matl.. | E?,a| |

J" Animate... D:S:nnbter..! x - T)aotg ;:::t
* Select “Eval” under output X . e | | | om |

Optlon é Open.. Read. | - SDToothi J ; T;::;nt

The Ohmic losses in Stock volume ds soves. = e e
are arOL_md 8.749 W. Thesq losses X Delete Plot.. b | v 2]
are the induced AC losses in the T Cadliatorn =

plate. 2o

Has been created
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Maxwell : Ohmic Loss for Coil

e v T
Bz_lmag Smaathllr Delete Fisld Type: | Fields =]
* Create similar Named Expression for coil | ]| = -
* The Ohmic losses in Coil volume are ~16.47 Watts. ‘ | :
Note: Since the coil consists of many small conductors, oo [ | [ oo
it was modelled as a bulk “stranded” source which S
neglects all AC skin and proximity effects.
* The reported loss is due to the DC resistance of the
coil.
Fush | Faop | Rillp | RiDin | Exch | Cle Undo |
q nt::y + | | weer ¥ | Sca? | v::e |
Geomety.. I I 14 I Matl... I |T||
Nurber. | / | | Do? | E:-:polt..-.-. |
Function... | new | Tig % | Cross |
Geom Settings.. | abs | ar | Diva |
Read. | Smooth | S | Cul |
Comples ¥ | Mn ¥ | Tangent |
Doman | Max ¥ | Nomal |
Vi I Uritvee * I
Log -
Mean
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Maxwell : Field Report - Data Table

..1 AMSYS Electronics Desktop 2020 R1 - Maxwell_lcepak_Coupling_2020R1 - Maxwell_Stock_Coil - 30 Modeler - SOWVED - [Mawwell_lcepak_Coupling_2020R1 - Maxy
B File Edit View Project Draw Modeler Maxwell 3D Teools Window Help

Cut [ 1) =, = .
| I , Cut ¥} Undo ) EEE Delete All Reports _/, [\ E Browse Solutions
Copy Redao = ¢ Modify Report Clean Up Solutions
Save Cpen  Qutput EddyCurrent Solution
[ Paste elete | Report~ Variables Report = - Data
Desktop View Draw Model Simulation Results Automation Y LA T AT - _
l LA LT EA ES | —
Project Manager x @ Bl Model A : : |
fm . ! @J o JENS ] o [LEE E -
-[E# Maxwell_Icepak_Coupling_2020R1* =i clids
= : —cepat p_ 9 L 20 stacked Datzl Data Taple L)
E@ Maxowell_Stock_Coil (EddyCurrent)* -2 al
. .-ggp 3D Components E|I—V
@ Model
[ Boundaries B
£ Excitations ' Contour
_ LAY Currentd Copper
Report: Maxwell_lcepak_Coupling_2020R1 - Maxwell_Stock_Coil - New Report - Mew Trace(s) ? X

Context

Trace l Families ] Families Display ]

Primary Sweep: |Freq j |A|| \ J Calculatc
=]

Xz v Default | Freq

Solution: |5eb_|p1 : LastAdaptive j

Geometry: |None ﬂ

loss_stock
|1

= Freq [Hz] Setup1 : LastAdaptive
¥:  Jioss_stock o ) //V Phase=0deg’
1 200000000 8.749264
Categaory: Quantity: | j
Variables loss_stock A
Qutput Variables loss coil
] - acos
Calculator Complex Expressions loss_stock2 acosh
Design ang_deg
ang_deg_val
ang_rad
arg
Update Report asin
asinh
[v Real time b

Output Variables. .. | Options...| | MNew Reportl | | Close
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Insert Icepak Design

* Insert an Icepak Design from Desktop menu

2L AMSYS Electronics Desktop 2020 R1 - Maxwell_lcepak_Coupling_2020R1 - lcepak_Stock_Coil - 30 Modeler - [Maxwell_lcepak_Coupling_2020R1 - |

B File Edit VYiew Project Draw Modeler lcepak Tools Window Help
- - |-n—! * |G Save Archive cut ¥} Undo g 2
; =] ] ﬂ
7 / = [
j — — H B Q: Restore Archive Copy Redo [G"! :ﬂ
Mew Open  Open Save Save Close . -~ HF55 Q30 Circuif lcepak Baxwell Simplorer
+  Examples As [2, Paste Delete = - o

Desktop View Draw MModel Simulation Results Automation
e 7 x @ Eglh Model
= =E| " + -1, (Coordinate Systems:
@ Icepak_Stock_Coil (SteadyState)* (-4 Planes

[—]ﬁ Maxwell_Stock_Coil (EddyCurrent)™ ¢ Lists
.g 3D Components
..... ad Madel

- [ Boundaries
£ Exdtations
.. Currentl
- Parameters

B8 Mesh

Ej---ﬁ Analysis
[ B et Rename the Icepak Design as “lcepak_Stock_ Coil”
Calculator Expressions Table 1
b loss_stock
----- ﬁ Field Overlays
|27 Definitions
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Copy Maxwell model to Icepak

1, AMNSYS Electronics Desktop 2020 R1 - Maxwell_lcepak_Coupling_2020R1 - lcepak_Stock_Coil - 3D Modeler - [Mz

o DOUbIe CIiCk on IMaXWEII_StOCk_COiI’ dESign B File Edit View Project Draw Modeler lcepak Tools Window Help

. . ¥} Undo elect: Obje - E an @), Fi |
from Project Manager window. = oo | ensemrins | 6 | B S| Qrasocs| 8
e (&, Paste @ o @ orient - (m

o Use Ctrl A to Select the entire Maxwen Geometry Desktop View Draw Maodel Simulation Results Automation

a n d IVI ate ri a I i nfo r m at i O n ;-j%il:‘::;i: Icepak_Coupling_2020R1* - E"fﬁg--guizllids
. . ---ﬁ Tcepak_Stock_Coil (SteadyState)* --5 air
* Use Ctrl C to copy the above information sy porem—— : OB

----- a CreateBox
[0 Subtract
=K copper

- coil

----- a CreateBox
----- £ Fillet
@[ Subtract
----- 4 SectionTo
-3 Sheets

e Double click on “ Icepak_Stock_Coil”

e Use Ctrl V to paste the information in Icepak
design and use Fit All option to see the model.

- Note the automatic creation of the “air” region around 53 coil Section
_ _
the copied geometry S FieldLine

+\» CreatePolyline
i1, Coordinate Systems

e Select unwanted bodies like Sheets, Lines which™ o
are not required for Thermal Analysis and right
click to delete it.

-2 Lists
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lcepak : Solution Type & Design Settings..

30 fodel Fditor

Desktop View Drraw Model Simulation Results
Project Manager o x
E--@ Maxwell_Icepak_Coupling_2020R1*

)
@ O
@ Maxwell_Stock <3 Copy Lt
&3 Definitions Paste Ctrl+V
Rename F2
2 Delete Delete
Convert to Full Access
Convert to Read Only
Solution Type...
qf_, Validation Check...
Analyze All
B Edit Notes...
Toolkit >
Import IDF...

Design Settings...

Design Properties...
Design Datasets...

"
!

Solution Type: Maxwell_lcepak_Coupling_

A (s

olution types
* Steady State

" Transient

Problem types

{* Temperature and Flow

(" Temperature Only
" Flow Only

\_

~N

J

[ Save as default

lcepak Design Settings

Ambient Conditions ] d

Temperature

Gauge Pressure

Radiation temp

2. X

}av'rt'_.' ] Validations ]

% [<]

cel

i

|n _per_meter_sq

|20

|-:e|

Note: Setting Gravity direction alone will not include the effect of gravity.

The gravity needs to be included in Setup panel which is shown later.

lcepak Design Settings

Ambient Condtigns  Gravity | Validations |

Gravity Vector
(" Posttive

+ MNegative

Global:.Z A
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Icepak : Region Resizing

* The region needs to be sufficiently large so the
boundary conditions do not affect the results —
gradients of variables normal to the
boundaries should be small.

 Rules of thumb :

Top (against gravity): at least 2L to capture the plume
accurately

Sides: at least 72 L
Below: at least L

Where L is the largest dimension of the unitin 3
directions.

Front View

2L

gravity
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lcepak : Region sizing

1. Select Create Region and use Properties option from View menu to open Properties

panel

2. Change the Padding Type to Absolute Offset and use 600 mm for positive Z and 300
mm for other directions.

5 File Edit View Project Draw Modeler Icepak Tools Window Help
ﬂ I ¥ Status Bar ® @ & zoom In Iil )
T «  Project Manager % % & zoom Out
=i A pas ¥ Message Manager £ ceom Fan f
Desktop Propertlu Results Automation
~  Progress
Project Manager 9 ) x @ @ Model
= @ Hamell_ ACT Extt‘:l‘ISICIr‘IS E ] SOlldS
EE‘ Icepa v Component Libraries -4 air
; é i Layers =-&7 Region
DM Nets 2
& Th - aluminum
B Components 5.7 Stock
@€ Me Docking Window Layouts > @ CreateBox
' ‘@ Ar . #-[d Subtract
@ or Variables E! copper
[ Re ¥ Undo View: Fit All 5 coil
T Fie _ -0 CreateBox
i nedo View .
S8 Maxwe Clear Undo/Redo Hi 1 Fillet
&3 (23 Definit ear Undo/Redo History -0 Subtract
Modify Attributes > © SectionTo
-3 Sheets
L ' = | s | A C 'y 1

Properties o =
MName Value Unit | Evaluated Value
Command | CreateRegion
Coordinate... Global
+X Paddin... Absoclute Offset
+X Paddin... 300 mim 300mm
-X Paddin... Absoclute Offset
-X Paddin... | 300 mim 300mm
+Y Paddin... Absoclute Offset
+Y Paddin... 300 mim 300mm
-Y Paddin... Absoclute Offset
-Y Paddin... | 300 mim 300mm
+Z Paddin... Absoclute Offset
+Z Paddin... 600 mim &00mm
-Z Paddin... | Absoclute Offset
-Z Paddin... | 300 mim 300mm

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

\nsys



lcepak : EM Mapping

* Select Coil and Stock from GUI and right click to Assign Thermal = EM Loss

* Select ‘Use This Project’ and ‘Simulate source design as needed’ in setup link panel

=

= Model 5

L & Solids i Setup Link x
- @ air
i General IVan‘able Mapping | Intrinsics |
O CreateRegion |
= @ aluminum |
5@ - Product: |Eiectroni-:sDesktc-p LI
548 copper Expand All |
] ol Collapse All Source Project: [V Use This Project
% le. Coordinate Syst Select > |
3 ;ila:\es Edit 5 |
G ISts
Group > '
Create 3D Component... &

B8 Assign Material...

- > | ||i' s Project” - Maxowell_Icepak_Coupling_2015_R1 _I

Properties...
Object Identification > | Source Des|gr|; | Max‘-'.'ell_S{ock_Coil ﬂ
Assign Thermal > Block...
Assign Monitor > Grille... Source Solution: |Setup1 : LastAdaptive ﬂ
Assign Mesh Region Network...
Assign Mesh Level Opening...
Plot Fields >|  Plate 2 _
Resistance... Iv Simulate source design as needed

Mesh Viewer...

T Source...

! l . :

; Wall > Iv¥ Preserve source design solution

EM Loss...
——— Note: In exdractor mode, source project will be saved upon exit.

| 0K || Cancel |
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lcepak : EM Mapping

Set up the Electro-Thermal link to map Volume EM losses on the Stock and Coil

Desktop View Drraw Model Simulation Results

Automation

2 % Bk Model
=] Maxwell_Icepak_Coupling_2020R1* ”~ El_? Solids d
E-@p Icepak_Stock_Coil (SteadyState)* =& air 'y
g9 3D Components Bl Region

..... by Model i’j CreateRegion
E-EF Thermal

4% aluminum
E]-58» EMLoss1 -7 Stock
iZa Volume

E| = copper
----- E Monitor

EM Loss ¥
[]---E@ Mesh
----- ﬁ Analysis B
- [E optimetrics ¥ Name EMLoss1
----- Results E
""" Ui Field Overlays Source of Field Data: Setup Link... |
Eﬂ--@ Maxwell_Stock_Coil (EddyCurrent)
B[22 Definitions Sync Loss Tppe From Source |
----- [ Components
----- (10 symbals o Surface
----- (L7 Footprints =
----- [ Padstacks
----- (£ Models

Project Manager

Properties

Name | Value | Uit |Eva|uated‘u"a|ue
Name EMLoss1

Type EM Loss
Source

Project This Project
Design Maxwell_Stock_Coil
Solution Setup1 : LastAdaptive

Cancel
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lcepak : Create Openings for the Region object

* Select object “Region” and right click and select = All Faces
* Right click on region face in GUI = Assign Thermal = Opening

» Keep default boundary conditions

=49 Model
=-&2 Solids Opening Thermal Model *
= air
=< [
Expand All
0 Cre Mame: | Opening1
-4 aluminum Sl A8 MNext Behind
& Stock 7
=4 copper e Z ., Alfaces - Thermal Spedfication
7 ; ) AllEdges Select Objects »
&7 coil Edit > ] . -
-3 Sheets [ Sheet Edges Extend Selection : Temperature: |Amb|entTemp | j I | J
=3 coil_Sectio Sy 2 ] -
] a ;ecﬁon Cimar 30 Compopest. Go to History External Radiaton Temp: | AmbientRadTemp | ﬂ
% Separat - -
Assign Material... Measure ificati
@1z, Coordinate Systen J Flow Specification
-4 Planes View > View Inlet Type: (* Pressure " Velodty
&€ Lists Properties... _
Object Identification > B Total Pressure: AmbientPressure | ﬂ I_| J
Assign Thermal > Group
Assign Monitor > Create 3D Component...
Pt e Retet 4| Assign Material...
Assign Mesh Level [ =& Assign Surface Material... _
Plot Fields 2 0 Object |dentification > 700 (mm)
Mesh Viewer... Assign Thermal > Block...
1 Assign Monitor ¥ Grille... Use Defaults
Assign Mesh Region Network...
Assign Mesh Level Opening...
j Pl » _EIK Catcel
Plot Fields > 2
Resistance...
Mesh Viewer... o
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lcepak : Mesh

Use Defaults

Slider bar available for
finer mesh resolution

B File Edit View Project Draw Modeler lcepak  Toeols Window Help
RS 88 % o By & E&E
e —
Copy Redo E EEAnalysiannfig E— e oE—
Save . enerate Mesh Optimetrics  Validate Analyze HPC Scheduler Submit Monitor
[ Paste Delete Mesh  Viewer - A Options
Desktop View Draw Model Simulation Results Automation
Mesh Region *
Mesh Region X
General l vanced] Defaults]
Geneal Aclvancedl efaults]
MName Global v
[ User spedified
Auto Mesh Setting
| 44.7 |mm J | Il |mm J
Coarse Resolution Fine | e |mm J | . |mm J
| ' I\| . 1 | 52.45 |mm J | 1 |mm J
i |
Small Mesh Size Large
- 7
L

In Advanced tab, user can switch on
“User specified” option and provide
manual settings

{ i

Use Defaults

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

\nsys



lcepak : Generate and View Mesh

Generate Mesh and Click Mesh Viewer to review the mesh on planes and individual
bodies .

Mum elements: 88185

. ANSYS Electronics Desktop 2020 R1 - Maxwell_lcepak_Coupling_2020R1 - lcepak_5tock_Coil - 30 Modeler - [Maxwell_lcepak_Coupling,_| Mesh Disnl =
5 P p pling P P pling play | Qualty |
B File Edit View Project Draw Modeler i Help TEACETETIT
W Show f* Cutplane { Geometry/Boundary selection
| I s Cut JNao @ @ J 'E?);ﬁ EEE Active: Local - Plane Location
Copy Fedo W E EEAnalysis Config Define plane | Poirt and nomal x| Update
Save N Generate Mesh Optimfetrics | Validate Analyze HPC
(& Paste X Delete Settings Mesh  Viewer A Options Px |D PY|D Pz |224'5
Desktop View Diraw Maodel Sim itomation nx |0 Ny|0 NZ|!
Al B |0 c| p[2225
|
4]

Display attributes
 Sectioned { Rawelements [V

" Wire (* Shaded ™ Grid  Color |W Color by object
|

Plane transparency |
1] 1

Geometry Fitters:

Region
Stock
coil

Unload mesh Close
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lcepak : Setup the Model for Thermal simulation

1. Click on ‘Setup’ to open Solve setup Panel.

2. In ‘General’ Tab:
- Select Problem Types, Flow Regime and
- Turn on DO Radiation Model and ‘Include Gravity’ option

. o b 1 T
3 f. tt - f D . t - I Icepak Solve Setup Dialog X
. Use finer setti NgS 10r O radiation mode o | Comms ) i g [P [ ]
1
B File Edit View Project Draw Modeler Icepak Tools Window Help lteration Parameters
48 BB acive Local - P |
i 1 = = =— Flow lterations per Radiation lteration B
T @r @ @ % \/ | CE PRanaysconty | omm = == &
Save Setup Global Mesh Generate Mesh Optimetrics  Validate HPC Scheduler Submit Monitor
X Delete Settings Mesh  Viewer - Options
Desktop View Draw Model Simulation Results Automation
Project Manager 3 x ’@ Model J
= [m Maxwell_Icepak_Coupling_2020R1* ; *  Solve Setup Dial x Angu\ar Discretization
) _ cepak Solve Setup Dialog
-4 Icepak_Stock_Coil (SteadyState)* R
-y 3D Components Theta Divisions 3
% Tindel General WCnnvargence Salver Settings ] Radiation ] Defaults I
odel

Phi Divisions:
E-EP Thermal Name Setup 1 ¥ Enabled Bhsre :
- Monitor
B Mesh Maximum Number of Herations 100 Theta Picels 3
- JF Analysis

- @ Optimetrics Problem Types

= Phi Pixels: 3
& Results [V Temperature W Flow

- % Field Overlays
[]--@ Maxwell_Stock_Coil (EddyCurrent) Flow Regime

-2 Definitions & Laminar " Turbulent Options

Radiation Mode!

 Off (¥ Discrete Ordinates " Ray Tradng

Properties s [V Include Gravity

r Use Defaults

Name Value | Unit ‘Eva\uated\f’a\ue

oK Cancel

20 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



lcepak : Additional Setup

* Some additional settings for helping solver converge natural convection problems

Recommended to provide
small velocity in flow direction
(due to natural convection
plumes will rise opposite to
gravity )

lcepak Solve Setup Dialog

General ] Convengen

Solver Settings | Radiation | Defauls |

Initial Condtions

X

|m _per_sec

X Velocity j
Y Velocity 0 m_per sec |

/ﬂ Z Velocity J0.001 |m_per_sec
Temperature \Ambiert Temp |

| £ _PEM_S£

|"":.' per_sz

|"'=m DET 5

Advanced Options ‘

-]
B
=]
=]

/

Use Defaults

Advanced Solver Settings X
Under-relaxation  Discretization Scheme
Pressure [0.7 |Standard |
Momentum |03 [First =
Temperature |1 |First v | ¥ secondary Gradient
|08 [First E2
[os s ]
[0 [First 7]
Discrete Ordinates Frst ¥
Linear Solver Options
e e e Szt
Pressure v =] [o1 0.1 [Hone =]
Mormentum lex x| |01 0.1
Temperature IF x| o 0.1 |one |
fex <] 0. o1
fex =] |0 [0t
fex | 0. o1
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lcepak : Assign Monitor Point

Select Stock and right click Assign Monitor = Point...

Rename monitor name as Stock_Temperature

Select variables of interest Thermal > Temperature

Note the monitor point location at the centre of stock

=g Model
=-&7 Solids
= 4 air
| E-& Region
i ) CreateReg
=4 aluminu m
B
-4 copper Expand
& coil  Collgy pse All
T Seiec
-3 coil_Sec
@ Sect  Edit
L Sepi
@-le, Coordinate Sys Group
-4 Planes Create 3D Component.
B L
v @ &  Assign Material
View
............
Object Iden
Assign The:
Assign Monito
ign Mesh Reg
Assign Mesh Level
PPPPPPPPPP
Mesh View:

Resurms Automation

odel
E-€7 Solids
-4 air
| E| &7 Region
@) CreateReg
=& aluminu m

El- Flow

i~ [[] ViscosityRatio

- [] WallYPlus
El- Thermal

- [¥] Temperature

Lk

Ok

LOkz
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2-Way Coupling

Right click on Setupl and select * Add 2-Way Coupling

Project Manager 1 x
E--@ Maxwell Icepak_Coupling_2020R1¥ Project Manager
PR o
=] I k_sStock_Coil (Steadystate)*
=i ieg C—Dm::;E;t:' (SteadyState) 2-Way Coupling % =1 Maxwell_Icepak_Coupling_2020R1*
ﬁ H o
..... s Model E.% I:Eptak_ﬁta-ck_{:oll (SteadyState)*
TP Th I 30 Components
& g Er.ma Number of Coupling lerations: ‘4{ (ﬁ
B Monitor ----- ) Model
-8 Mesh ‘ _ _ . - -EF Thermal
5. }? Analysis Continue lcepak lterations During Coupling v E Moritor
[ optir 53 Copy Ctrl+C Max. Icepak lterations per Coupling: ‘20 E@ Mesh
5 - Analysis
""" Resul Rename F2 e T
..... Field
Delet Delet T i~ i
0 Masonell_ A Delete elete oK | Cancel S 2-Way Coupling
&-(10 Definition Properties... PUmELREs
Disable Setup Results
(- % Field Overlays
Add 2-Way Coupling... - @l Maxwel_Stock_Coil (EddyCurrent)
Properties Generate Mesh e El"'D Definitions
Analyze
Mame v L
Revert to Initial Condition
MName
Enabled Profile...
lterations Residual...
Problem Type Monitor...
Flow TEAmEr
Radiation Digcrete Cr...
Include Gravity [w
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lcepak : Validation and Analyze

~
1

B’ File Edit View

* Validation ensures all the elements of d

Project  Draw

) Undo &

Modeler  lcepak

&

Tools

e

Windo

‘ B8 Acive: Local - Ha rE
J @ EE E.EAnalysisConfig —_ = =

Opti i Validate Analyze HPC
Options

Scheduler Submit Monitor

= e =0 e
t h e Set u p a re re a d y a n d go O d to SO Ive I Desktop View Draw Model Simulation Results
* Project Manager o x
E|-- Maxwell_Icepak_Coupling_2020R1*
. B Icepak_Stock_Coil (SteadyState)*
e Click Analyze All to start the solver for 2- | "&5c=
“@ Model
. E-EF Thermal
way coupling 5
(-1 Mesh
[—]ﬁ Analysis
-4 setup1
2-Way Coupling
I@ Optimetrics
.5 Results
% Field Overlays
[]--@ Maxwel_Stock_Coil (EddyCurrent)
-] Definitions
Properties I x
Name | Value | Unit | Evaluated Value
MName Setup1
Enabled [v
lterations 100
Problem Type Temperatur...
Flow Laminar
Radiation Discrete Or...
Include Gravity 2

@-le, Coordinate Systems
-&F Planes
- Lists

Validation Check: Maxwell_lcepak_Coupling_2020R1 - lcepak_Stock_Coil

J lcepak_Stock_Cai

Validation Check completed.

¥ Design Seltings

%# 30 Madel

¥ Boundaries and Excitations
¥ Monitars

o Mesh

o Analysis Setup

< Optimetics

| Close

Progress

b awell_lcepak_Coupling_202081 - lcepak_Stock_Coil - Coupling [teration 3 - Getting pre-zolved data on Local M achine

Fetching external data.

M amell_lcepak_Coupling_202081 - Mamwel_Stock_Cail - Setupl: Adaptive Pazs 4, with termperature data on Local Machine
[

Feading filez
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lcepak : Results

B File Edit View Project Draw  Modeler lcepak Tools Window Help

-t i (=) o = 27 ;

| I . Cut Undo T Delete All Reports Q\% '_-,,-' | % E:m 58 Browse Solutions
. = ("} =

Copy Redo 5 (E20 ¥ Modify Report 3% Clean Up Solutions

Save - Open  OCutput Monitor  Fields Fields § Solution
[ paste Delete | Raport~ Variables Report~ Report™  Summa Data
Desktop Wiew Draw Model Simulation Results Automation
B Solutions: Maxwell_lcepak_Coupling_2020R1 - Icepak_Stock_Coil — | X
B Solutions: Maxwell_lcepak_Coupling_2020R1 - Icepak_Stock_Coil — O *

Simulation: |Setup‘l j

Simulation: |Setup1 j
Design Variation: | J y Design Yariation: | J Q/

Close

Residual ] onitcur] Profile Hesmualll Mc-n'rt-:r]
Task | Real Time | CPU Time b ernary Infarmation A 1.008+03 3
Temperature Mapping | 00:00:06 00:00:.08 382 M 1.00E+02 ‘é
. [ 2veloity 1.00E+01 3
Coupling [teration 4 Starting at lcepak. sobver iteration 41 .. [#] Energy 1 00E+00 ‘é \
et Thermal Loss : E... 00:01:23 00:00:00 0k Source: This Project”, Maswell_Stock_Coill - Setup : Las - [w] DOIntensity - = i
Freq="200Hz' 5 100ENTZ A
Total Lozz on Source Object 'Stock” 881203, Scaling = 1.00E-02 E \\
Total Logs on Source Object 'coils 16,4741, Scaling Fz § 1.00E-03 —é
Solver Initialization 000014 000013 7B M Mapped EM Loss: 25,283 [watt] % 1 00E-04 _i
16.47 [watt] an Volume [cail = ooE.05 _:
3,809 [ att] on Valume [Stock) 3
Solve 000070 0DOG4D DK 1.008-06 72
Temperature Mapping | 00:00:04 00:00:04 831 M 1.00E-07 3
1.00E-08 ]
Solution Process Elapsed time : 00:08:04 | lcepak ComEngine Memary : 22 % 0 10 20 30 40 50 60
< b lterations
Ewport...
Close
_ g |
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lcepak : Results — Heat Balance Check

Heat Flow Rate through Openingl Boundary and Coil and Stock

| 2 +]

Close |

eo8 | [ pelete anreports R 5 Browse Solutions
2 i =~ 1 o |
) v ; H (% Clean Up Solutions
Save Output Monitor Fields Fields [Bolution
2 Paste Report * Variables Report ~ Report Summary | Data
Desktop View Draw Model Simulation Results Automation
|
|
| Inputs
. - Solution: Setupl : SteadyState hd
Entity Type: (¢ Boundary  Object { = : - :I
Design Variation: [Nominal .
Geometry Type: * Suface (>
i Entity Type: " Boundary % Object
¥ Adjacent side Calculations:
| Entity T G Tye| Enty | @ | side | Nomal | Areatvolume | Total |  Sufece € Volme
. . tity Type eometry Type nlity uantity ide ormal rea/Volume otal
Enttity: Quantity: th }
J Boundary  Surface Openingl HeatFlowRate[w] Adjacent 5.3497 m"2  -25.2904 V' Adjacent sids
pEning iswlon m Dhbject Surface coil HealFlowRate[w] Adjacent 0158689 m"2 -16.4592 Eniy: [ J Quantity:
eatFlowHate n =~
HeatFlus Object Surface Stock HeatFlowRate[w] Adiacent 0.180096 m~2 -8.82914 Al0bjects Epsilon =
Huuﬁwﬂde
HeatTransCoeff coil_Sectionl HeatFlux
K Global:xy HeatTransCoeff
Ky Global»2 Kx
Kz Global'vZ Ky
Fegion Kz
maSSF:OWF!ale RelativeCS1:XY MassFlowR ate
asshiux RelativeCS1:3&Z MassFlux
Pressure RelativeCS1:YZ Pressure
R adiationFlow RadiationFlow
RadiationFlux RadiationFlus
Speed
Speed SurfPressure
SurfPressure SurfTemperature
SurfT emperature il v
cay v

Add ¥ Close

/

r'4

Total heat dissipated out from the openings should match the Ohmic loss generated by
Coil & Stock
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lcepak : Results - Contour Field

1. Select Coil from Model tree and plot temperature,

make sure that check Plot on surface only

2. Similarly plot temperature for Stock

&4 Model
=@ Solids
=4 air
#-& Region
=@ aluminum
[cRR=d St
= & coppe
=& coi
&-lz. Coordinate S
=& Planes
@ Lists

Expand All
Collapse All

Select
Edit

Group

Create 3D Component..

Assign Material...
View

Properties...

Object Identification
Assign Thermal
Assign Monitor
Assign Mesh Region
Assign Mesh Level
Plot Fields

Mesh Viewer...

Pressure

Temperature

Create Field Plot

[~ Specify Name
[ Specify Folder

Design:
Context

Solution:

Field Type:

Temperaturel
Temperature
lcepak_Stock_Coil

Setupl : SteadyState v
Fields

Intrinsic Variables

Save As Default

Temperature

Done I

Fields Calculator ...

| Surface Smoothing ...

X

Categary: ’W‘

Quantity

InVolume

Pressure
SurfPressure

p
SurfT emperature
Velocity

Sufvelocity
SurfUx
Surflly
Surfllz

Speed
ViscocityRatio
WallyPlus

Region
Stock
coil
All0bjects

/

Temperature
[cel]

30.4285
l 30.3750
30.3215

30.2681
302148
301811
30,1077
30.06542
- 30.0007
25,9472
29,8938
28 8403
287868
297333

29.6799
296264

Epsilon

Kx
Ky

Cancel |

Velocity

Turbulence
Thermal Conductivity
Others

Named Expression...

Marker

S i

|Mﬂcmml
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Temperature
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37.7692
l 37.7666
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lcepak : Results Vector Field

 Select Plane RelativeCS1:XZ and right click to Plot Velocity Field

Velocity Z
[m_per_sec] A
0.2670
49,

=47 Solids S - 2 02314 3

-4 air . . — 02136 ‘ :
-4 Region ) S 0.1958 A

= 9% aluminum = - ) N 0.1780 ;
.87 Stock ( ) Lt/ 0.1602 { : i ; .

-4 copper ‘ 0.1424 $ I3 .

~ & col 0.1246 | ' ‘

In.es B 0.1068 K | e
+-lz, Coordinate Systems 1 { K
24 Planes Selection Mode > - 0.0890 i {3/

2 Global:Xy Select Objects T 0.0712 ! > $ i
<7 GlobakXZ Extend Selection > P 0.0534 ;‘
<z GlobakYZ ) 0.0356 d i
&7 RelativeCS1:XY Go to Histon 0.0178 ? 1 1y
= Relatfve(ﬂ:XZ ey » 0.0000 LS} |
&7 RelativeCS1:YZ . ; A ?‘ 111t
= &2 Lists View > 3 Z : R ) i a3
- &) AllObjects . 11
Edit » \ ]
Group > v
Create 3D Compunen - ‘x‘\g ! e
— Reg with 3D Compo . Pressure > { : -
0 ssign Mate Temperature / ; SR
Assign Material i o > i \
# x | Progress Assign Surface Material... SETE l ’ SEEEY — P
fre/Maxwel/) Object |dentification > Rt & I x: - ol - I I
. Thermal Conductivi > U ; ;
2121 PM Mar 18, 2020) Assign Thermal 4 o Y ; ,
Assign Monitor > =il ’ 2 o 0
(8:15:54 PM Mar 18, 2020) : " Others > SurfVelocity
16:02 PM Mar 18, 2020) Sacign Mach Raglos SurfUx
(8:18:09 PM Mar 18, 2020) Assign Mesh Operation Named Expression...
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