Introduction to Icepak in AEDT

Module 3 — Lecture 2: Solving and
Post-processing
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lcepak Solution Types

* Temperature and Flow

All CFD equations are solved

With proper model and mesh setup, this will provide the most
accurate solution

* Temperature Only

Only the energy equation is solved

Typically the model will just include solids

Conduction through air can be modeled using the Air-solid material
The default air region is usually deleted

Walls must allow heat to escape the domain, otherwise the solver
will diverge

* Flow Only

Useful to optimize flow conditions, study fan placement,
characterize pressure drops, etc.

» Steady and Transient solution types

Solve for steady or time-dependent problem types
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Solution Type: D1-WS2 - D1-WS2

Solution types
" Transient
Problem types
® Temperature and Flow

" Temperature Only
" Flow Only

[ Save as default

OK Cancel ‘
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Solution Setup — Solution Type and Design Settings

Right-click Icepak Design Solution Type Drop-Down Menu

Proiect Manager 1, ANSYS Electronics Desktop 2020 R1 - D1-WS2 - D1-WS2 - 3D Modeler - SOLVED A
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* Set ambient conditions
» Set gravity vector (if
applicable)

Temperature @ | cel ﬂ

Gauge Pressure |U |n_per_meter_eﬂ

Radiation temp |20 |Cel ﬂ
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Heat Transfer)

 Temperature Only

* Flow only
* Steady and Transient solution types
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Solution Setup: Physics

Specify a laminar and turbulent flow
regime

Flow with fans are typically turbulent

Natural convection model are typically
laminar

Specify settings for radiation heat transfer

Radiation is always important for natural
convection models

Radiation models available:
- Discrete Ordinates
- Ray Tracing

In natural convection, fluid motion is caused due to

buoyancy, whereas in forced convection, fluid motion

is caused by an external mover such as fan or pump

Icepak Solve Setup Dialog

General Convergence] Solver Settings] Defaults]

Name Setupl [v Enabled
Maximum Number of lterations (400 FIOW 3 nd
Problem Types

[+ Temperature ¥ Flow Tu rbu Ience

Settings

Flow Regime

" Laminar @ Turbulent Options

A R

Radiation Model
® Off

(" Discrete Ordinates (" Ray Tracing

~~

Radiation
Settings

[ Include Gravity

[ Solve Flow and Energy Equations Sequentially

Turbulence Models

1| Turbulent Flow Maodel X

(" Two Equation
" RNG

(" Enhanced Two Equation

(" Spalart Allmaras

(" Enhanced RNG

" Realizable Two Equation

" Enhanced Realizable Two Equation
.~ K-Omega SST

o |

Cancel

HPC and Analysis Options. ..

Use Defaults

x|

Solve Setup Defaults * ‘ Cancel Help
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Solution Setup — Solve

Convergence Criteria Solution Initialization Convergence and Monitor Point Plots

\cepak Solve Setup Dialog > \cepak Solve Setup Dialog X B’ Solutions: Graphics_Card_Geometry - lcepakDesign1 - [m] X
Sirmulation [finedzsh v [steadystate ]|
General Convergence I Solver Settmgsl Defau\ts‘ General‘ Convergence Solver Settings ‘Defau\ts‘
Design varition | o 4
Initial Conditions Profie. Monitor |
Flow Te-4 1.60 - . 1.00E+003 . - . . - —— 180.00
0 m_per_sec A ! q s
X Velocity | | _per_ J femory_Monitor
Energy le-8 [#] Exhaust_Monitor 1 10084002
Y Velocity |0 |m_per_sec ﬂ 150 [
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7 Velocity [o.01 [m_persec =] 1 100E+001 - ‘
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Temperature |20| |ce\ ﬂ 1 1-00E+000 {
- 140.00
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E 42 ¢ E
|T |d\557;ue|'75 J jg @ 1.00E-003 i 5
() - 3 L e
21018 00.002
§ ] = 100E-004 =
= =
100+  1.00E-005 E
- 80.00
1 1.00E-006 - E
0.90
1 1.00E-007
] 1-60.00
Advanced Options 080 3
Use Defaults 1 1.00E-008 t
Use Defaults il
070 1.00E-009 | 4000
0 25 sb 75 100 125 150 175 200 225
Iterations
Solve Setup Defaults * OK | Cancel | Help ‘ Solve Setup Defaults * OK Cancel | Help ‘ =
Close

 Initial conditions are necessary to get the solver started.

— For natural convection problems, a small velocity (~*0.01 m/s) should be applied in the direction opposite to gravity.
* Convergence should be determined from both convergence residuals and monitor point plots.
* For steady state problems, convergence is achieved when monitor points flatten out.
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Solution Setup — Solve Setup Defaults

» Convergence, solver and advanced settings can be set using defaults

for Forced convection, natural convection, mixed convection and lcepak Solve Setup Dielog x
conduction only models General | Convergence So\verSettings]DefauIts]
Name |S‘5’tUF’1 ¥ Enabled

 Forced Convection

Maximum Number of Iterations |400

- Convergence criteria: Flow = 1e-3 and Energy = 1e-12 e T
. . [¥ Temperature [* Flow
- Solve Flow and Energy equation sequentially
. . . . . low Regime
- Radiation and gravity is switched off ronrene S

- Under-relaxation Factor (URF): Pressure = 0.3, Momentum = 0.7

Radiation Model
® Off (" Discrete Ordinates " Ray Tracing

* Natural and Mixed Convection
- Convergence criteria: Flow = 1e-3 and Energy = 1e-12 W e Ce
_ Gravity and radiation iS ON [ Solve Flow and Energy Equations Sequentially
- Default radiation model = Discrete Ordinate Model

- A small velocity in the direction opposite to gravity as initial condition in steady
state problems

- URF: Pressure = 0.7, Momentum = 0.3

Use Defaults HPC and Analysis Options... ‘
* Conducti I
o n u c I o n o n y Solve Setup Defaults * OK Cancel Help ‘

- Flow equations are switched OFF Jve:au‘ﬁs
- Radiation is switched OFF Camachon oy boragte
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Radiation Settings

Discrete Ordinate Method

Icepak Solve Setup Dialog

General] Convergenoe} Solver Settings Radiation \Defau\ts}

Iteration Parameters

Flow lterations per Radiation Iteration ‘10|

Angular Discretization

Theta Divisions: ‘2
Phi Divisions: ‘2
Theta Pixels: ‘2
Phi Pixels: ‘2

Ray Tracing Method

Use Defaults
OK |

Solve Setup Defaults * ‘ Cancel

Help

Icepak Solve Setup Dialog

General] Convergenoe] Solver Settings Radiation ]Defaults]

Iteration Parameters

Flow lterations per Radiation Iteration ‘10

Maximum Radiation Iterations ‘5

Cluster Parameters

Faces per Surface Cluster ‘20
View Factor Parameters

Resolution: ‘5

Use Defaults

Solve Setup Defaults * ‘ OK | Cancel

Help
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Post-Processing
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Post-processing — Formats

In AEDT Icepak, simulation results can be viewed in four different formats:

e Solution Data

- Computing resources
- Solution residuals, monitor point plots

* Field Overlays
- Contour plots
- Vector plots

* Field Calculator

* Reports
- Fields summary
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Post-processing — Solution Data

Solution Data contains all the information related to the executed solution process.

To view solution data, go to Icepak > Results > Solution Data.

If there are multiple solutions, select a solution under Simulation.

Profile Tab: Contains log of tasks performed by Icepak during the solution process and the time taken for each

task. It also reports the physical memory used for each task.

Residual Tab: Displays the solution residual

Monitor Tab: Displays the monitor point plots
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Post-processing — Delete Solution Data

* Clean Up Solutions can be used to selectively make deletions (fields only, fields and mesh
etc.) or remove all solutions from the results.

* To delete solution(s), go to Icepak > Results > Clean Up Solutions.

0 ANSYS, Inc. Unauthorized use, distribution, o

plication is prohibited.

Icepak Tools Window Help
Solution Type... J Ea_a Active: Local
List... 08 =] BB Analysis Confi
# Validation Check... alidate Analyze  HPC
2 Analyze Al A [opre Clean Up Solutions X
B Edit Notes... P
Toolkit > @ Model
= . .
Import IDF.. &fani Solutions “ariations .
=& Fan1_1 I O n
3D Model Editor = Sheets g
Design Settings... ! Duplic: (" Linked Data Only @
5 . % Fan1_2
Object Identification > N - B File Edit View Project Draw Modeler Icepak Tools Window Hel
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Thermal > ) , ] [ Delete All Reports R 52 Browse Solutions
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i gled Save Output Monitor ~ Fields ion
Mesh > &b Heatsink 1 . Fields and Meshes B Paste ¥ Variables Report ¥ Report ¥
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Design Properties... Create Fields Report >
)
Design Datasets Create Report From File...
|
& Delete All Reports |
Report Templates >
User Defined Solutions... |
)
Create User Defined Solution > . . . .
I MOTE: All deletions will occur immediately and cannot be recovered.
Dataset Solutions... )
Output Variables...
Update All Reports
Open All Reports
- Do Deletions Cancel
| U ‘Eva\uated, ‘ & Solution Data... e
Browse Solutions...
%! Clean Up Solutions... 3
Apply Solved Variation... i
i
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Post-processing — Field Overlays

Field overlays are representations of basic or derived field quantities on surfaces or volumes.

All the basic field quantities (velocity, temperature) and built-in derived quantities (heat flux, heat
transfer coefficient, etc.) can be directly used for plotting.

Additional quantities can be derived using Fields Calculator and used for plotting.

A field plot can be a contour plot or a vector plot.

Contour Plot
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Post-processing — Field Overlays — Contour Plots

To create contour plots on surfaces of objects or planes, select those entities in the History Tree.

vvvvvvvvv
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Right-click Field Overlays in the Project Manager and select Plot Fields = *Field Quantities*.
To view contours on object surfaces only, in the Create Field Plot panel enable Plot on surface only.
If there are multiple solutions, choose the solution data to be used under Context = Solution in the Create
Field Plot panel.
The new plot appears in the GUI and is also listed in the Project Manager.
Create Field Plot X
[ Specify Name ,W Fields Calculator ‘ Surface Smoothing
[ Specify Folder ’W Category: ’Wl
Design: D1-WwS2 Quantity In volume
Solutian: ’Wl E%Jedj\ash =
Intrinsic Variables ég;\éimcw E”EE;
T Ee i
TKE [v" Plot on surfacs
uuuuuuuuuu Save As Defautt EESHM [
Ky v —
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Post-processing — Field Overlays — Vector Plots

* To create vector plots, first select the entity (plane, point, etc.) in the History Tree.
 Right-click Field Overlays in the Project Manager and select Plot Fields = Velocity.

* The vector plot will be displayed on the selected entity and is also listed in the Project
Manager.

Selection Mode > Modify Field Plot X
Select Objects b
Extend Selection > [~ Specity Name} [ elocity! Fields Calculator ‘
=& Planes [ Specify Folder  [velocity Category: |Standard -
Measure >
GIO baIXY View > Design: D1-WS2 Quantity In Wolurme
— - Context
Global:XZ Edit > Pressure ~ |Region ~
. Solution: |Setupl : SteadyState  w SurfPressure board
e GIObaIYZ iy ’ Temperature large_flash

Create 3D Component... SurfTemperature small_flash
. creste D Componen SR ra— R o G

: Ux DDR_2 i
_— RelatlveCS“] XY sic . - Intrinsic \ariables BZ ngii » I:
-7 RelativeCS1:XZ ‘ Object Identification > gj%jwv Z‘gdge foe

- Assign Thermal > SurfUy Heatsink_Base
-7 RelativeCS1:YZ
Assan Monitor ’ Spocs Hectank Pz
-7 RelativeCS2:XY Assign Mesh Region \iscocityRatio Heatsink_Fin3 v
. Assign Mesh Operation /allyPlus Heatsink Find
-7 RelativeCS2:XZ TKE
Plot Fields » Pressure > Epsilon B
—. RelatlveCS2:YZ Mesh Viewer... Temperature > Save As Default E; . o
. Velocity > | velocty r
[ Lists Copy Image =
urbulence > Ux ‘ ’D—| o |
one Ance|
Thermal Conductivity > Uy - -
EM Mapping > Uz
Others > SurfVelocity
Named Expression. SurfUx
SurfUy
Marker > UIIU)
SurfUz
Speed
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Post-processing — Plot Attributes

Double-click on the color legend to open the modify plot attributes panel.

Color Map

Color Map: Sets predefined color schemes.
Scale: Sets range and number of colors to plot.

Scale

Marker/Arrow: Sets size and style of arrows for vector plots.
Plots: Sets display style of contour plots and arrow density of vector plots.

Marker/Arrow

Plots

Velocity
[m_per_sec]

8.0801
.75414
7.0027

6.4640
59254
5.3867
48480
43094
3.7707
32320
26934
21547

18160
1.0773
0.5387
0.0000

[D1-WS2] D1-WS2 -- Velocity

Color map 1 Scale I MarkerﬂArrow} Plots \

Type

" Uniform
" Ramp
® Spectrum Rainbow -

Save as default

[D1-WS2] D1-WS2 -- Velocity

Color map Scale ‘MarkerﬂArrow} Plots \

Num_ Division ’157 Save as default
@ jAutd Min:  [0.0000

" Use Limits Max:  [8.0801

[~ dB Units |m_per_sec -

(" Specify Values

@ Linear " Log

Auto Scale Options

[ Limit Ma}/Min precision to |4 ~ | digits

Number Format

Type: [Auto ﬂ Width: ‘es

Precision: |4

v [Real time mode

Close

[ Realtime mode ‘ Close

[D1-WS2] D1-WS2 -- Velocity

Color map} Scale Marker/Arrow I Plots ‘

Save as default
Marker options

Type ‘Sphere J

Size j

Arrow options

gt cvinder ______________J&d

1.0E-£ 10
Size j
[2-08000e-01
Map size v Arrow tail [

Magnitude filtering
= [Resetimetar

Min: |-5 00000e-01

Max |<5 58006e+00

3

0.00000e+00

Threshold:

[ Realtime mode Apply ‘ Close

[D1-WS2] D1-WS2 -- Velocity

Color map} Scale I Marker/Arrow Plots }

Plot |Velomty1 j Save as default

OnSurfacel
Scalar plot

IsovalType |Fringe =
G _

[ Add grid |

Plot quality | Normal B3|
“ector plot

[w" Uniform  Spacing — '7 o

Min |2.28264 - |91301?

Reset

[ Realtime mode Apply Close
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Post-processing — Fields Calculator

Field calculator enables the user to create customized expressions using
basic field quantities.

The resulting quantities can be plotted, tabulated or exported.

To open Fields Calculator, right-click on Field Overlays in the Project
Manager and select Calculator.

Alternatively, go to Icepak = Fields 2>

Calculator to open the same panel from the

main menu.

=-B Temper:
& Temr
=B Velocity
...... & O. Veloc
w2 Definitions

E‘Eﬁ Field Overlg

i

L)
v

h?

o O

¥

Plot Fields

a Modify Plots...
s Modify Plot Attributes...

Set Context To Active Window...

Animate...
Set Plot Defaults...

Open...
Save As...

Delete Plot...
Mesh Viewer...

Calculator...

Create Fields Summary...

OR

Tools Window Help

Solution Type...
List...

Validation Check...
Analyze All

Edit Notes...

& @

iz

I Toolkit

Import IDF...

3D Model Editor
Design Settings...
Object Identification
Thermal

Monitor

Mesh

Analysis
Optimetrics Analysis

| Fields

Results

Design Properties...
Design Datasets...

viv|v v v v v

@) it Al 5 a mEO |\
: 809 @Al
me ™| O \
& Model
= Fan1
e Fan1_1
B3 Fan1_2

-9 Heatsink
e-Z Heatsink1
& Solids
=& Al-Extruded
~& Heatsink_Base
- Heatsink_Pin1
~--& Heatsink_Pin2
~--& Heatsink_Pin3
Plot Fields >

Ta Modify Plots...
" Modify Plot Attributes...
Set Context To Active Window...

¥ Animate...
Set Plot Defaults...

& Open..
21 Save as...

I= Delete Plot...

Mesh Viewer...

J* Calculator...

Create Fields Summary...

P hridne

B! Fields Calculator

Named Expressions

Name ‘ A

Pressure Pres
Temperature Temp

Context: D1-4WS2

Solution

Field Type

Setup : SteadyState hd
Fields

X

Velocity <Ux,Uy,Uz>
Uxt Scalarx(<Ux ¥ | Delete Al
< >

Add ... ‘

Library:  Load From.. ‘ Save To..  Change Varable values... |
Push ‘ Pop ‘ RlUp ‘ RIDn ‘ Exch ‘ Clear ‘ Undo ‘
Input General Scalar “ector Qutput
Quantity  # | - \ veer | Scal? 4| value |
Geomnetry | \ 1 | Mati | Eval \
Constant  * ‘ ‘ Pow | Mag ‘ Wiite ‘

Number. ‘ i ‘ 7 | Dot ‘ Export. ‘
Function. ‘ Neg ‘ Trig = | Cross ‘
Geom Settings ‘ Abs ‘ did? b4 | Divg ‘
Read ‘ Smooth ‘ I | Curl ‘
Complex ¥ ‘ Min 4 | Tangent ‘
Domain ‘ Max * | Normal ‘

v Unitvec %
n XForrn %

Log

Mean

Std

DCone
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Post-processing — Fields Calculator

Named Expressions list standard or
user defined field quantities.

Named
. . ) Expressions
Context section specifies which
Solution data to use.
Data stack
Data Stack lists the calculator entries,
which are held in stack registers.
Calculator buttons are organized into
columns, classifying them by the type ' Calculator
buttons

of operation and type of data, upon
which the operation can be performed.

Expressions can be evaluated or
exported using the buttons under the
Output section.

¥ Fields Calculator X
Named Expressions Context: D1-W32
Name ‘ Expressian A Solution Setupl . SteadyState v
Pressure Pres Field Type Fields
P Temperatur Temp
Velocity <Ux Uy Uz>
Ux Scalan(<Ux.Uv.Uz>) || Bk A
< >
N
Add ... | |
Library: Load From... | Save To... | Change Variable Values
N Scl : 81.6032343632813
Sd : Maximum{Volume{DDR_4). Temp)
Push | Pop | RIUp ‘ RIDn ‘ Exch | Clear | Undo ‘
Input General Scalar Wect Cutput
Quantty  * | + | veer % | sca? % | vae |
Geometry. | - | 1 \ Mati 1
N Constant ¥ | * ‘ Pow ‘ Mag ‘ Write |
Numbel | ! ‘ i ‘ Dot ‘ Export |
Function | Neg ‘ Trig * ‘ Cros: ‘
Geom Settings.. A0S | a ¢ | ovg |
Read | Srmooth ‘ 7 ‘ curl ‘ N
Cornpl 2 ‘ Min 2 ‘ Tangenit ‘
Dom: ‘ Max * ‘ Normal ‘
Vi UnitWec
Ln XForm %
Log
Mean
Std
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and export
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Post-Processing — Field Animations

An animated plot is a series of frames that displays changes in a field, mesh or geometry.

To create an animation, right-click an existing field plot and select Animate.

To animate from one end of the cabinet to the other, choose NormalizedDistance for Swept variable.

Steps will set the number of frames to be displayed between the two ends of the Cabinet.

Create Animation Setup X
Name: |animation? Description
=] D1-WS2*
&% D1-WS2 (SteadyState)* Swept Variable(s) \DeSIgn Point |

s

& 3D Components -
& Model Single variable A ‘NurmahzedD\stance ﬂ
& Thermal
- Monitor

o§ Mesh q
-§ Analysis Start: ‘
A Setupl

- (@ Optimetrics Stop: ‘7

Results

T Field Overlays Steps: "\D

B Temperature

K Velocity

=-B Speed

LS G
-1 Definitions Rename F2
X Delete Delete
Medify Plot...

Set Context To Active Window
Export Plot...

v Plot Visibility

Reassign

Select Assignment
OK Cancel
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Post-processing — Fields Summary

* Fields summary can be used to create a summary report.
* In the Project Manager, right-click Field Overlays and select Create Fields Summary.
* In the Setup Calculation panel, select the Entity and the Quantity for generating the report.

You can add as either a single calculation (one row) or multiple calculations (many rows).

Project Manager 7 | Fi - D1- - D1- —
7 Setup Calodaton N » R FkdSummay D1-WS2 - D1W52 -

=-F D1-W52
&-# D1-WS2 (SteadyState) Inputs
- . ) .
& 3D Components Entity Type: " Boundary @ Object Solution: ‘Setup1 : SteadyState j
4 Model
&F Thermal Geometry Type: C Surace ® Volume Design Variation: |Nominal |
= Monitor
=€ Mesh I
=& Analysis

. . Calculations:
& Setupl Entity: Quantity: alculations

@ Optimetrics

- ‘Enlily Type‘GeomelryType‘ Entity ‘ Quantity ‘ Side H Min Max Mean Stdev Arsaf\olume ‘
Results ~ Ess'lm » Objest  Volume DDR_1 Temperature[C] Default 792037 89.5457 882628 152755 3588e-07m3
_ﬂ K Objedt  Volume DDR_2 Temperatre[C] Defaull 826118 927017 914178 1.44307 3.588e-07m’3
B Temperal Plot Fields 2 Ki Object Volume DDR_3 Temperature[C] Default 86.3637 95.9611 94.8445 1.38958 |3.588e-07m"3
B Velodty 1, Modify Plots... Pressure Object Volume DDR_4 Temperature[C] Default 79.3913 916032 895338 1.70763 3.588e-07m"3
. efﬁitgi,c'?:d Y= Modify Plot Attributes... { Spsed
Set Context To Active Window... Heals!nk_B_ase
Heatsink_Pin1 TKE
¥+ Animate... Heatsink_Pin10 Ux
=N Heatsink_Pin2 U
2 Set Plot Defaults... Healsink:Pin3 ui
& Open... Heatsink_Pin4 ViscocityRatio
&3 Save As... Heatsink_Pins WallYPlus
Z= Delete Plot... Heals!nk_P!nB
Heatsink_Pin7
Mesh Viewer... Healsink_Ping v

J* Calculator... — _ .
. pply and Export... ancel
Create Fields Summary... Add - Close

Add As Single Calculation
|Add As Multiple Calculations |
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