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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in
this documentation.

* Procedures are presented as numbered lists. A single bullet indicates that the procedure
has only one step.

» Bold type is used for the following:

o Keyboard entries that should be typed in their entirety exactly as shown. For
example, “copy file1” means you must type the word copy, then type a space, and
then type file1.

° On-screen prompts and messages, names of options and text boxes, and menu
commands. Menu commands are often separated by greater than signs (>). For
example, “click HFSS > Excitations > Assign > Wave Port.”

o Labeled keys on the computer keyboard. For example, “Press Enter’ means to

press the key labeled Enter.
« |talic type is used for the following:

° Emphasis.

° The titles of publications.

o Keyboard entries when a name or a variable must be typed in place of the words in
italics. For example, “copy filename” means you must type the word copy, then
type a space, and then type the name of the file.

* The plus sign (+) is used between keyboard keys to indicate that you should press the
keys at the same time. For example, “Press Shift+F1” means to press the Shift key and,
while holding it down, press the F1 key also. You should always depress the modifier key

or keys first (for example, Shift, Ctrl, Alt, or Ctrl+Shift), continue to hold it/them down, and
then press the last key in the instruction.

Accessing Commands: Ribbons, menu bars, and shortcut menus are three methods that can
be used to see what commands are available in the application.

« The Ribbon occupies the rectangular area at the top of the application window and con-
tains multiple tabs. Each tab has relevant commands that are organized, grouped, and
labeled. An example of a typical user interaction is as follows:

"Click Draw > Line"

@ AL
O L.
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This instruction means that you should click the Line command on the Draw ribbon tab.
An image of the command icon, or a partial view of the ribbon, is often included with the
instruction.

* The menu bar (located above the ribbon) is a group of the main commands of an applic-
ation arranged by category such File, Edit, View, Project, etc. An example of a typical user
interaction is as follows:

"On the File menu, click the Open Examples command" means you can click the File
menu and then click Open Examples to launch the dialog box.

* Another alternative is to use the shortcut menu that appears when you click the right-
mouse button. An example of a typical user interaction is as follows:

“Right-click and select Assign Excitation> Wave Port” means when you click the right-
mouse button with an object face selected, you can execute the excitation commands
from the shortcut menu (and the corresponding sub-menus).

Getting Help: Ansys Technical Support

For information about Ansys Technical Support, go to the Ansys corporate Support website,
http://www.ansys.com/Support. You can also contact your Ansys account manager in order to
obtain this information.

All Ansys software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what steps were
taken or what stages the simulation reached, including software files as applicable. This allows
more rapid and effective debugging.

Help Menu
To access help from the Help menu, click Help and select from the menu:
* [product name] Help - opens the contents of the help. This help includes the help for the
product and its Getting Started Guides.
* [product name] Scripting Help - opens the contents of the Scripting Guide.

« [product name] Getting Started Guides - opens a topic that contains links to Getting
Started Guides in the help system.

Context-Sensitive Help

To access help from the user interface, press F1. The help specific to the active product (design
type) opens.

You can press F1 while the cursor is pointing at a menu command or while a particular dialog
box or dialog box tab is open. In this case, the help page associated with the command or open
dialog box is displayed automatically.
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1 - Introduction

This document is intended as supplementary material to Icepak for beginners and advanced
users. It includes instructions to import, solve, and analyze a simple graphics card.

This chapter contains the following topic:

« Sample Project - The Graphics Card

Sample Project - The Graphics Card

In this project, you will learn how to import the graphics card model. Icepak solves conservation
equations of mass, momentum, and energy to provide flow and thermal fields.

——

/

Figure 1-1: Graphics Card

=
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2 - Set Up the Project

This chapter contains the following topics:
¢ Launch the Ansys Electronics Desktop
» Set Tool Options
« Set Model Units (mm)
¢ Set the Solution Type

Launch the Ansys Electronics Desktop

A shortcut of the Ansys Electronics Desktop application appears on your desktop once the applic-
ation is installed.

Set 3D Ul Options

Ensure that the new view orientation scheme introduced in release 2024 R1 is not being used,
since the instructions and images in this guide are based on the legacy orientation scheme.

1. From the menu bar, click View > Options.
The 3D Ul Options dialog box appears.

2. Ensure that Enable Legacy View Orientation is enabled:

Set Up the Project 2-1
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30 Ul Opticns >

General | 3D Modeler Graphics |

[T Stereomode  (Affects only the newly created windows)

I Drag Optimization

[+ Show Ansys logo

Default Color Key height 6 (Maximum number of values

displayed)

When there is a selection

[+ Selection always visible

<

Settransparency of selecied objects 01

[+ Settransparency of non-selected objects 049

Default Rotation About

(" ModelCenter (™ CumentAxis (& ScreenCenter (" Cursor

Middle Mouse Button Drag

® Rotate " Pan (~ Zoom
Gradual View Change
[+ Animate

Animation Duration

I 500 msecs

[v Enable Legacy View Orientation |

OK | Cancel

3. Click OK.

Open the Project

- |

1. On the Desktop ribbon tab, click & Open Examples. Then:

a. Inthe Open dialog box that appears, click the parent folder icon (1) once to move
up one level above the Examples folder.
b. Double-click the Help folder and then the Icepak folder.
c. Selectthe file Graphics_Card_Geometry.aedt and click Open.
2. The modelis displayed in the 3D Modeler window.

Note: You can hide the grid by selecting View > Grid Settings and then selecting Hide in
the Grid Spacing dialog box. Also, from the View > Coordinate Systems menu, you can

hide the large coordinate triad and display a smaller coordinate triad in the bottom of the
3D Modeler window.

Set Up the Project 2-2
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o 150 300 (mm)

Figure 2-1: Graphics Card model in the 3D Modeler window

Note: The region (outer red bounding box), which represents the computational domain,
is automatically created.

3. From the File menu, select Save As, and save the project in the desired working dir-
ectory.

4. Inthe history tree, expand Model > Solids > Air > Region and select Create Region.

5. Inthe Properties window, note the default X,Y, and Z Padding values.

Note:

Ensure that you enter padding values for -Z Padding Dat before +Z Padding
Data.

Set Up the Project 2-3
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Properties o =
Mame Value | Uit | Evaluated Value
Command | CreateRegion
Coordinate ... Global
+¥ Paddin... Percentage Cffset
+¥ Paddin... |50 50
-¥ Paddin... Percentage Cffset
-¥ Paddin... |50 50
+Y Paddin... Percentage Offset
+f Paddin... |50 50
-f Paddin... Percentage Offset
-Y Paddin... |50 50
+Z Paddin... Percentage Offset
+Z Paddin... |50 50
-Z Paddin... Percentage Cffset
-Z Paddin... |50 50

Command

Figure 2-2: Properties Window

6. Expand graphics_card_simple, and review the component geometry in the history tree.

-8 Model
Elma% graphics_card_simple
-7 ALPHA_MAIN_PCB
€7 CAPACITOR
m-£7 CAPACITOR 1
-7 CPU

€7 HEAT_SINK
w-£7 KB

....-52:' MEMORYL
-7 MEMORYL_1
€7 SERIAL_PORT

Set Icepak Options

Figure 2-3: History tree

Verify the options under the Tools menu as follows:

Set Up the Project 2-4
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1. Click Tools>Options>General Options.
2. Select Icepak and ensure the options are all selected as shown below.

Options 4

F General

[ 2D Extractor
Circuit Design
Circuit NetList Design ¥ Save before solving
EMIT

[ HFSS ™ Sawe Optimetrics field solutions

HFSS 3D Layout
= = ™ Apply variation deletions immediately

" Auto create region

General
Thermal
Solution Type
] Maxwell 2D
1 Mascweell 30
Mechanical
Q30
RMxprt
Twin Builder
30 Modeler
] Layout Editor
Machines
Moded Editor
| Metlist & Script Editor
| Schematic Editor
Reporter

HEFEEEEEEEEEE

O I Cancel

Figure 2-4: Options dialog box

3. Expand Icepak and click Thermal.

4. Ensure that the Use Wizards for data input when creating new boundaries is selec-
ted.

Note: Deselecting the Use Wizards for data input when creating new boundaries
option provides a tabbed dialog box interface as an alternative for creating boundaries.

5. Click OK to close the Options dialog box.

Set Model Units (mm)

Define the model units as follows:
1. From the Modeler menu, select Units.
The Set Model Units dialog box appears.
2. Select mm (millimeters) from the Select units drop-down list, and click OK.
Select units: i -

[ Rescale to new units

ak | Cancel |

Figure 2-5: Set Model Units dialog box
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Set Solution Type

Specify the design’s solution type as follows:
1. Click Icepak>Solution Type.
The Solution Type dialog box appears.

2. Ensure that Steady State and Temperature and Flow is selected and click OK.

Solution Type: Graphics_Card_Geornetry - lcepakDesign >

Solution types
{* Steady State

" Transient

Problem types
(* Temperature and Flow
" Temperature Only
" Flow Only

[ Save as default

| 2k | Cancel

Figure 2-6: Solution Type

Define Icepak Design Settings

Specify the project design settings as follows:
1. Click Icepak>Design Settings.
The Design Settings dialog box appears.

2. Retain the default settings on the Ambient Conditions, Gravity, Validations, Export
Settings, and Mesh tabs and click OK.

Set Up the Project 2-6
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lcepak Design Settings

Ambiert Condtions lGra-..r'rt-_.- ] Validations ] Export Settings ] Mesh ]

Temperature

Gauge Pressure

Radiation temp

20 |cel -]
|D |njer_meter_:j

|2|3' |cel j

o |

Cancel

Figure 2-7: Icepak Design Settings dialog box
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3 - Create and Assign Materials

Materials properties for the components are not defined. For this model, you will create an aniso-
tropic material to be assigned to the PCB component and assign existing materials from the
material library to other components.

Create and Assign an Anisotropic Material

1.
2.

In the history tree, right-click on ALPHA_MAIN_PCB and select Assign Material.

In the Select Definition dialog box, click Add Material. The View/Edit Material dialog
box appears.

In the Material Name field, enter PCB_Material.

For Thermal Conductivity, click in the Type field and select Anisotropic from the drop-
down list.

Enter the following values for the anisotropic tensors:

e T(1,1): 20

e T(2,2): 2

¢ T(3,3): 20
Enter a value of 1 for Mass Density, Specific Heat, and Thermal Expansion Coef-
ficient.

Note: Since we are solving a steady-state simulation, these values are just placeholders
and are ignored in the solver.

Click OK to close the View/Edit Material dialog box.

Click OK to assign the newly created material to ALPHA_MAIN_PCB and close the Select
Definition dialog box.

Assign Materials

hwnh -~

In the history tree, select CPU, Memory1, and Memory1_1 and right-click them.
From the right-click menu, select Assign Material.
In the Select Definition dialog box, select Ceramic_material.

Click OK to assign the material to the selected components and close the Select Defin-
ition dialog box.

In the history tree, select CAPACITOR, CAPACITOR_1, Heat_Sink, KB, and Serial_Port
and right-click them.

From the right-click menu, select Assign Material.
In the Select Definition dialog box, verify that Al-Extruded is selected.
Click OK to close the Select Definition dialog box.
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9. Select CAPACITOR and CAPACITOR 1.
10. Inthe Properties window, ensure that the Solve Inside check box is deselected.

Properties o =
Mame Walue | Linit | Evaluated Value
Mame
Material "Al-Extruded” "Al-Extruded”
Surface Material '
Solve Inside [
Orientation Global
Model [v
Group graphics_card_simple
Display Wirsframe [
Material Appearance [
Color [ |
Tranzparent 0 |
£ >

Attribute

Figure 3-1: Solve Inside check box in Properties window

Assign a Surface Material

1. Inthe history tree, select all of the objects. Right-click on graphics_card _simple and select
Select All.

2. From the Modeler menu, select Assign Surface Material to open the Select Definition
dialog box.

Note: You can also open the Select Definition dialog box from the Properties window by
selecting Edit from the Surface Material row Value column drop-down list.

3. Inthe Select Definition dialog box, verify that Steel-oxidized-surface is selected.
4. Click OK to close the Select Definition dialog box.

10
Ansys Electromagnetics Suite 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Icepak®

4 - Prepare and Run the Initial Sim-
ulation

Assign Boundary Conditions

To specify thermal properties to the objects, create boundary conditions. In this example, you'll
create opening, grille, and block boundary conditions.

Assign the Grille, Opening, and Blocks
You'll assign the opening to the minX face of the Region and the grille to the max X face of the
Region.

1. Press F to enter face-selection mode.

2. From the View ribbon, select the Dimetric orientation button
down list.

from the Orient drop-

3. Select the max X face of the Region object as displayed below.

Set Up the Project 4-1
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Figure 4-1: Max X face of Region object

4. Right-click and select Assign Thermal>Grille.

5. Inthe Grille Thermal Model dialog box, enter a Free Area Ratio of 0.8 and click OK. The
grille boundary condition is added under Thermal in the Project Manager.

6. With the model displayed in the same orientation, hover the cursor over the min X face of
the Region and click.

Figure 4-2: Min X face of Region object

7. The max Y face of the Region is selected. Press B to select the min X face, which was dir-
ectly behind where your cursor was when you made the selection.

Note: You can also right-click and select Next Behind to select a face directly behind your
cursor when you make a selection.

8. Right-click on the selected face and select Assign Thermal>Opening>Free.

9. Inthe Opening Thermal Model dialog box, select Velocity for Inlet Type, specify an X
Velocity of 2 m_per_sec, click OK.

10. Inthe history tree, select CPU. Right-click and select Assign Thermal>Block.

Set Up the Project 4-2
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11.

12.

13.
14.
15.

In the Block Thermal Model dialog box, enter CPU for the Name, a Total Power of 25
W, and click OK.

In the history tree, select Memory1 and Memory1_1. Right-click and select Assign
Thermal>Block.

In the Block Thermal Model dialog box, enter a Total Power of 5 W and click OK.
In the Project Manager, expand Thermal and select Block1.
In the Properties window, rename the boundary condition as Memory.

Properties o =
Mame Walue | LIt |Eumumed
Mame Memory
Type Solid Block
Total Power b W bW
Use Extemal Conditions [
£ >

lcepak

Figure 4-3: Properties window of Memory boundary condition

Add a Solution Setup

Prior to generating a mesh, you must create a solution setup, in which you specify general and
solution settings.

1. Inthe Project Manager, right-click on Analysis and select Add Solution Setup.

In the Icepak Solve Setup Dialog under Flow Regime, select Turbulent and click
Options.

In the Turbulent Flow Model dialog box, retain the default selection of Zero Equation
and click OK.

Retain all other default settings on the General, Convergence, and Solver Settings
tabs.

Click OK to save the settings. The solution setup is added under Analysis in the Project
Manager.

From the File menu, click Save.

Set Up the Project 4-3
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Generate a Global Mesh

When the model geometry is finished, you can mesh the model. In this example, you'll create an
initial global mesh and proceed to solve the model before creating a copy of the Icepak design to
refine the mesh around the HEAT_SINK object.

View Global Mesh Settings

1. Inthe Project Manager, right-click on Mesh and select Edit Global Region.

2. Inthe Mesh Region dialog box, examine the default mesh settings on the General and
Advanced tabs.

3. Retain the default settings and click OK.

Generate and Examine the Mesh

1. Inthe Project Manager under Analysis, right-click on the solution setup (Setup7) and
select Generate Mesh. When the mesh operation is complete, the mesh loads and the
Mesh visualization dialog box appears.

2. Inthe history tree, select all geometry under graphics_card_simple.

3. Inthe Mesh visualization dialog box under Mesh display on, select Geo-
metry/Boundary selection to display the mesh for the selected objects.

Set Up the Project 4-4
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Figure 4-4: Mesh on all objects
4. Inthe history tree, select ALPHA_MAIN_PCB to display mesh only on the PCB.

5. On the View ribbon, click the Right orientation option ® from the Orient drop-down list.

Figure 4-5: Surface mesh on PCB object

Set Up the Project 4-5
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6. Inthe Mesh visualization dialog box, click the Quality tab and toggle between Face
alignment, Volume, and Skewness, noting the Min and Max values for each.

Note: The following are targets value for face alignment and skewness that increase the
probability of simulation convergence and accurate results.

» Face alignment: >0.05
» Skewness: >0.02
7. Click Close to close the Mesh visualization dialog box.

Validate the Project

Itis a good practice to validate your project to ensure the model and all settings are within spe-
cified parameters in order to run a simulation.

1. From the Icepak menu, select Validation Check. The Validation Check dialog is dis-
played and the validations begins. When finished, green check marks appear next to the
project items validated.

Validation Check: Graphics_Card_Geometry - lcepakDesign >

" Design Settings

Q/ |cepakDezsignl & 3D Model

" Boundariez and Excitations
" Monitars

& Mesh

¥ fnalysiz Setup

<« Dptimetrics

Walidation Check completed.

| Cloze |

Figure 4-6: Validation Check dialog box
2. Click Close to close the Validation Check dialog box.

Create Monitors

Monitor points are useful to display data at a specific point while the solver iterates. In this
example, you'll create monitor points to display temperature data for the CPU and a memory
chip.

Set Up the Project 4-6
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Create Thermal Monitors
Create the CPU Monitor Point

1. Inthe history tree, right-click on the CPU object and select Assign Monitor>Point. The
Monitor Setup dialog box appears.

| MY Maonitor Setup x

Name [ Owerride

— How

[[]5peed
["]Pressure
[]Tke
[ ] Epsilon
[ ] viscosityRatio
[ walrvPlus
Thermal
[+#] Temperature
[k
[k |
[z |

[ HeatFiue

{ 0K | Cancel

Figure 4-7: Monitor Setup dialog box - CPU

2. Enter a Name of CPU_Monitor.
3. Under Thermal, select the Temperature check box.
4. Click OK. CPU_Monitor1 is created under Monitor in the Project Manager.

Create the Memory Monitor Point

1. Inthe history tree, right-click on the Memory1 object and select Assign Monitor>Point.
The Monitor Setup dialog box appears.

2. Enter a Name of Memory_Monitor.
3. Under Thermal, select the Temperature check box.
4. Click OK. Memory_Monitor1 is created under Monitor in the Project Manager.

Set Up the Project 4-7
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Create a Flow Monitor

@

1. From the View ribbon, select the Dimetric orientation option from the Orient drop-

down list.
2. Press F to ensure you are in face-selection mode.
3. Select the face of the Region object as displayed below.

i

Figure 4-8: Region face selection

4. Right-click in the 3D Modeler window, and select Assign Monitor>Point. The Monitor
Setup dialog box appears.

5. Enter a Name of Exhaust_Monitor.
6. Under Flow, select the Speed check box.
7. Click OK. Exhaust_Monitor1 is created under Monitor in the Project Manager.

Analyze the Simulation — Initial Global Mesh
Analyze the Model

1. Inthe Project Manager, right-click on the solution setup (Setup1) and select Analyze to
run the simulation. The status of the simulation is displayed in the progress bar.

2. Right-click on the solution setup (Setup 1) and select Residual to open the Solutions dia-
log box.

3. View the residuals update as the simulation runs.
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Note: When the simulation is complete, a message is displayed in the Message
Manager indicating normal completion.

1 Splutisns: Graphics_Card_Geomstry - lcepakDesignl - O *
Simvdstion | Setupt ]
Dezagn Vanaton | J |’
Profle  Fesidusl | Themal Manitor | Flow Monter |
= 1.00E+00
[w] Contimuity
[ vty 100501
[ rsboscity 00E-0
[ Tvelosity 1.00E-02
[w] Energy
= 1.00E-03
=
=
[=)
Z 1.00E-04
o
2 100E-05
& 1.00E-06
1.00E-07
1.00E-08
1 80E-09 e e e
1] 10 20 30 40 50 &0 To
Herations
Cose

Figure 4-9: Solutions dialog box - Residual tab

4. Click the Thermal Monitor tab and review the monitor data.
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Figure 4-10: Solutions dialog box - Thermal Monitor tab

5. Click the Flow Monitor tab and review the monitor data.
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Figure 4-11: Solutions dialog box - Flow Monitor tab

Post-process the Results — Initial Global Mesh

Create Surface Plots

1.

In the history tree, right-click ALPHA MAIN_PCB and HEAT _SINK, and select Plot
Fields>Temperature>Temperature.

In the Create Field Plot dialog box, retain the default selection of Temperature under
Quantity.

Select the Plot on surface only check box and click Done. Temperature contours are dis-
played on the PCB and heat sink objects, and the plot appears under Field Overlays in
the Project Manager.

In the 3D Modeler, right-click on the colorkey and select Modify. A dialog box is dis-
played.

Click the Scale tab and do the following under Number Format:
¢ For Type, select Decimal.
* For Width, enter 6.

Click Save as default and then Close.
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Temperature
[cel]
76,3508
72,6500
N 69,8252
5. 3624
61,6397
55.8569
54,3741
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39,7231
36,0603
32,3975
26,7347
25,8728
21,4892

Figure 4-12: PCB and Heatsink temperature contours

Create a Plane

In order to display temperature, pressure, and velocity on a plane cut, you must first create a
plane. The plane will be in the middle of the PCB in the Z direction.

1. From the View ribbon, select click the Dimetric orientation button from the Orient

drop-down list.
2. From the Draw menu, select Plane.
3. Inthe 3D Modeler, hover the cursor over the center of the edge of the PCB and click.

Set Up the Project 4-12
Ansys Electromagnetics Suite 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting_; Started with Icepak®

Figure 4-13: Plane creation
4. Hold Z, move the cursor up along the Z plane and click. The new plane displayed under

Planes in the history tree.

Create Plots on a Plane

1. Inthe history tree, select the plane you created.
2. Inthe 3D Modeler window, right-click and select Plot Fields>Pressure>Pressure.

3. Inthe Create Field Plot dialog box, retain the default selection of Pressure under Quant-
ity and click Done. Pressure contours are displayed on the plane.

Note: Click and drag the Pressure colorkey to also display the Temperature colorkey.
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Temperature Z Pressure
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Figure 4-14: Pressure contours on a plane

4. Inthe Project Manager under Field Overlays, expand Pressure, right-click on the Pres-
sure1 plot and select Modify Plot.

5. In the Modify Plot dialog box, select Temperature under Quantity and click Done to dis-
play temperature contours on the plane.
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Temperature ya
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Figure 4-15: Temperature contours on a plane

6. When you are finished observing the results, expand Temperature in the Project Man-
ager and right-click on Temperature1 and Temperature2 and select Plot Visibility to hide
the plots.

Create a Fields Summary

On the Results ribbon, click Fields Summary.

In the Setup Calculation dialog under Entity, select Grille1.

Under Quantity, select Speed.

Click Add and select Add as a Single Calculation.

In the Setup Calculation dialog box, select Volume for Geometry Type.
Under Entity, select CPU.

Under Quantity, select Temperature.

Click Add and select Add as a Single Calculation.

Under Entity, select CPU to clear the selection and then select Memory.
Under Quantity, select Temperature.

Click Add and select Add as a Single Calculation.

SO0 © 0N gk Db~

— -
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12. Click Close to close the Setup Calculation dialog box. The calculations are displayed in
the Fields Summary dialog box.

8" Fields Summany: Graphics_Card_Geometry - lcepakiDesigni - "
Iyt s:
S oulion [Setupl : StaadyState ]
Design Varistion: | Nominal ]
Calculations:
| Eniity Type | Geomelry Type | Ervtty | Quartty | Side |  Momal | Min | Max | Mean | Stdev | . Setup
Boundsy  Sufsce Grlsl  Spesdim/s]  Defsut 1.00.-0.00-000 O 2273089 |1.58348 0827282 O(
Boundasy  Wiokume CFU Temperabura[C] | Default 423620 51.4494 497973 09637 1E
Boundasy  Wiokume Mesnory  Temperature|C] Defsul 47.0843 761923 BE4B0N 516354 3t Clacy

Ses an Tamplabs

Load Templats

Apply and Export .| oK, | Cancel |

13. Click Apply and Export to open the Save As dialog box. Navigate to your working dir-
ectory and click Save to save the fields summary as a comma separated value spread-

sheet.
14. Click OK to close the Fields Summary dialog box.

Create a Point

1. From the Draw menu, select Point.
2. Hover the cursor over the center of the grille.
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3. Click to create the point, which appears in the history tree as Point1.

Use the Fields Calculator

In the Project Manager, right-click Field Overlays and select Calculator.

Under Input, click Quantity and select Temp.

Under Input, click Geometry.

In the Geometry dialog box, select Volume and CPU.

Click OK.

Under Scalar, click the Min and select Value from the drop-down list.

Under Output, click Eval. The result of the calculation is displayed in the stack area.

® N o ok wd

Repeats steps 2 through 7 for Max and Mean under Scalar.

Note: Mean does not require the selection of Value.

©

Click Add.

10. Inthe Named Expression dialog box, enter a name for the expression and click OK. The
expression is saved to the Named Expressions list.

11. Under Input, click Quantity and select U.
12. Inthe Geometry dialog box, select Point and then Point1.
13. Under Output, click Value and then Eval. The result of the calculation is displayed in the
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stack area.

B " Fields Calculator
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Pressure Pres Field Type:  [Fields ~]
Temperature Temp

Welocity Weckors <, Ly Lz D elete All

L= Scalar=[<=, L

m Sralarrizl el ¥

£ >

Add . | |
Library: Laad Fram... | Save To.. | Change Y ariable Walues. .

Weco: <1 .B936709731 3196, -0.05897 36424353447, 0.1713115157668:
Weo : Pointyalue[Point[PointT], <« Uy Uz:]

Sel: 49.7973378415452

Scl: Meanolume[CPU], Temp]

Scl: 51.4493652342375

Scl: Maximumlolume[CPU], Temp]

Scl: 42 3620544433594

Scl: MinimnumPolume[CPU ], Temp)

Push | [ Pon Ribe | RDn | Exch | Ckar | Undo |
Input General Scalar Wector Output
Quantity ¥ | + | Wec? * | Scal? * | “alue |
Geormetny. .. | | 144 | b atl... | ITI
Constant ¥ | * | Po | Mag | Wafrite, |
Mumber. .. | ! | J | Dot | E xport. .. |
Function. .. | MNeg | Trig * | Crozs |
Gieom Settings... #ibs | did? ¥ | Diva |
Read... | Complex ¥ | J | Curl |
Damain | Mir * | T angent |
(S * | Marmal |
v | Unit Wec ¥ |
Ln | % Fom ¥ |
Log
Mean
Sid
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Save the Project

From the File menu, click Save.
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5 - Refine the Mesh and Run a Sim-
ulation

Copy the Icepak Design

Create a copy of the Icepak design in order to compare the mesh and results of the original
design to the copy with refined mesh.

1. Inthe Project Manager, right-click on the Icepak design and select Copy.

2. Right-click on the project and select Paste. A copy of the design is placed in the project
folder.

Project Manager 3 =

E--@ Graphics_Card_Geometry*
% IcepakDesignl (SteadyState)
Eﬁ IcepakDesign2 (SteadyState)

.E, 30 Components

"@ Model

EF Thermal

-E= Monitor

I:E-' Mesh

}? Analysis

@ Optimefrics

. F Results

% Field Overlays

#-I_7 Definitions

Create a Mesh Region
Now you will create a mesh region around the heat sink to refine the mesh.
Create the Mesh Region

1. Press O to enter object-selection mode.
2. Inthe 3D Modeler window, select the heatsink.

Refine the Mesh and Run a Simulation 5-1
Ansys Electromagnetics Suite 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Icepak®

)
A\

o

\

<_

3. Right-click and select Assign Mesh Region.

Figure 5-1: Heatsink object selection

4. Onthe SubRegion dialog box, define padding settings as displayed in the following
image
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m SubRegion

Padding Data:  Pad all directions similarly
* pad individual directions

" Transwverse padding

List of Selected Parts

HEAT_SIMNE

Direction Padding type | Value | Lnits |
+x Absolute Offset 4 mm
X Absolute Offset 4 mm
+¥ Absolute Offset 4.5  |mm
- Absolute Offset mm
+Z Absolute Offset 4 mm
Z Absolute Offset mm

| Save as default

Figure 5-2: Properties window

5. Click OK.

6. Inthe Mesh Region dialog box, click OK to accept the default settings and create the
mesh region. The mesh region appears under Mesh in the Project Manager, and its geo-

metry is added to the history tree as a non-model box.

Edit Mesh Region Settings

1. Inthe Project Manager under Mesh, double-click on MeshRegion1.

2. Inthe Mesh dialog box, enter a Name of HeatSink.

3. Move the Resolution slider to a finer resolution as displayed below and click OK.
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| Mesh Region >

| General | Advanced | Defaults |

I

| Mame |H-=-a1S||1k [+ Enabled
f

Auto Mesh Setting

I Coarse Resolution Fine
Small Mesh Count Large

[~ Enable Mesh Fusion

Use Defaults

oK | Cancel

Figure 5-3: Mesh Regions dialog box

Generate and Examine the Refined Mesh

Generate the mesh and examine the two levels of mesh, those reflecting the global mesh set-
tings and those of the mesh region surrounding the heat sink.

1. Inthe Project Manager under Analysis, right-click on the solution setup and select Gen-
erate Mesh.When the mesh operation is complete, the mesh loads and the Mesh visu-
alization dialog box appears.

Note: In the Mesh visualization dialog box under Mesh display on, ensure that Show is
enabled.

2. Inthe history tree, select all geometry under graphics_card_simple.

3. Under Mesh display on, select Show and then Geometry/Boundary selection to dis-
play the mesh.
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Figure 5-4: Mesh on all objects

4. Inthe history tree, select ALPHA_MAIN_PCB to display mesh only on the PCB.

&

5. Onthe View ribbon, click the Right orientation option from the Orient drop-down list.
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Figure 5-5: Surface mesh on PCB object
Note: Notice the finer resolution within the mesh region surrounding the heat sink.

6. Click Close to close the Mesh visualization dialog box.

Analyze the Simulation — Refined Mesh
Analyze the Model

1. Inthe Project Manager, right-click on the solution setup and select Analyze to run the
simulation. The status of the simulation is displayed in the progress bar.

2. Right-click on the solution setup and select Residual to open the Solutions dialog box.
3. View the residuals update as the simulation runs.

Note: When the simulation is complete, a message is displayed in the Message
Manager indicating normal completion.
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Figure 5-6: Solutions dialog box - Residual tab

4. Click the Thermal Monitor tab and review the monitor data.
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Figure 5-7: Solutions dialog box - Thermal Monitor tab

5. Click the Flow Monitor tab and review the monitor data.
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Figure 5-8: Solutions dialog box - Flow Monitor tab

Post-process the Results — Refined Mesh

1. Inthe Project Manager under Field Overlays, select Temperature2, right-click, and
select Plot Visibility.

2. Select Temperature2, right-click, and select Modify Plot.
3. Inthe Modify Plot dialog box under Quantity, select Velocity Vectors.
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Temperature
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Figure 5-9: Temperature and velocity plots
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4. Click Done. The temperature and velocity plots are displayed in the 3D Modeler window.

Note: Click and drag the Velocity colorkey to also display the Temperature colorkey.
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Figure 5-10: Temperature and velocity plots

5. When you are finished reviewing the results, expand Temperature in the Project Man-
ager and right-click on Temperature1 and Velocity Vectors1 and select Plot Visibility to
hide the plots.

Compare the Designs

Creating a copy of the original Icepak design within the same Ansys Electronics Desktop project
and using it to refine the mesh allows you to compare the mesh and simulation results. In the
Project Manager, switch between the original Icepak design and the copied design with the
refined mesh region to compare the meshing and simulation results.

Save the Project

From the File menu, click Save.
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6 - Run Optimetric Trials

Note:

To run Icepak optimetrics, the Enterprise Electronics license or Optimetrics equivalent
license is required.

Create and Assign Project Variables

You will use the copy of the Icepak design with the refined mesh (IcepakDesignZ2) to run the opti-
metric trials. Before setting up the optimetrics, create and assign the project variables.

Create Project Variables

1. From the Project menu, select Project Variables to open the Properties dialog box.
2. Onthe Project Variables tab, select Optimization/Design of Experiments.

3. Click Add to open the Add Property dialog box. Define the settings as follows and then
click OK.

» Name: $CPU_Power
¢ Unit Type: Power
e Unit: W

~_» Value: 25

Add Property

Hame [$CPU_Powe = anabld " Separaice " Aurayindes arisble

Uik Type | Pouser x| Unis [w =

e ‘24_-.

E rrer irshial value inko Value febd The: should be a pumber, vansble of exprassion Refersncad progsct vasable: should be prefoosd wath '3 Examplas:
22 4pF. 301, 2cos{$q)

[1].4 Cancel

Figure 6-1: Add Property dialog box
4. Click Add again to open the Add Property dialog box. Define the settings as follows and
then click OK.
+ Name: $Memory_Power
¢ Unit Type: Power
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e Unit: W
 Value: 5

5. Click Add again to open the Add Property dialog box. Define the settings as follows and
then click OK.

+ Name: $Fan_X
* Unit Type: Speed
e Unit: m_per_sec
* Value: 2

The Properties dialog box now displays the three variables with nominal, minimum, and
maximum values.

Properties: Graphics_Card_Geometry
Project Variables | Intrinsic Variables | Constants |
. T + Optimization / Design of Expenments " Tuning " Sensiiviy " Statistics
Name | Inchide | MNominal Vaue | Min | i | Max | um |
SCPLU_Power r2 25W 12.5 W 375 w
$Memory Power  [w  |SW 25 W 75 W
§Fan_X [v | 2m_per_sec 1 m_per_... 3 m_per_
W Show Hidden
Add Add Aeray Bemove ¥
ok | concel

Figure 6-2: Properties dialog box with variables
6. Select the Include check box for each variable.
7. Click OK to close the Properties dialog box.

Assign Project Variables

1.

In the Project Manager under Thermal, double-click the CPU boundary condition to open
the Block Thermal Model dialog box.

2. Inthe Total Power field, enter §CPU_Power and click OK.

Note: Variable names are case-sensitive. You must enter the name exactly as it
was defined.
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3.

4.

Bleck Thermal Model

General | Defauts |

Name: |CF‘U

Total Power: SCPU_Power x| I |vemp Dep_~| _J

[ External conditions

1 [w_per makel =| T |'-_-'-': Iu:J J
|C«":'--‘--"'.—"-;-e | J I_l-'-‘"'F:‘?"J_I

Use Defaults

Cancel

Figure 6-3: Block Thermal Model dialog box with variable

In the Project Manager under Thermal, double-click the Memory boundary condition to
open the Block Thermal Model dialog box.

In the Total Power field, enter $Memory_Power and click OK. The Unit field is left blank.
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Bleck Thermal Model

General | Defauts |

Mame: |r-1emcr)-

Total Power: $Memory_Po | I [Temp Dep ~| _I

[ External conditions

Use Defaults

OK

Figure 6-4: Block Thermal Model dialog box with variable

5. Inthe Project Manager under Thermal, select the Opening1 boundary condition.

6. Inthe Properties window, enter $Fan_Xin the X Velocity Value field. The Unit field is left
blank.
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Properties a =
Mame Walue | Linit | Evaluated Value

Mame Opening1

Type Opening

Temperature Ambient Temp 20

Extemal B... AmbientRad Temp 20

Inlet Type | Velocity

¥ Velocty | SFan_x 2

Y Velocity |0 m_per... 0

ZVelocty |0 m_per... 0

lcepak

Figure 6-5: Opening1 properties with variable

Add a Design of Experiments Setup

1. From the Icepak>Optimetrics Analysis menu, select Add Design of Experiments. to
open the Design of Experiments dialog box.

2. Onthe Design of Experiments tab, select Central Composite Design from the Design
of Experiments Type drop-down list.
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Designs of Experimients Setup k4
Design of Expenments. | Table | Response Sutace | Calcuistions | Goals | Variables | Options |
Design of Bxperments
Tywe |I::rwlCmpoﬂc Desgn j
Diesign Type: |Face-Centeed -
Template Type: | Standaid =l
Ect Variables ™ | HPC and Analysis Options.__ | [ Show Advanced Options ok | cance |

Figure 6-6: Design of Experiments Setup dialog box - Design of Experiments tab

3. Click the Table tab, and review the trials to be run.
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Designs of Experimients Setup k4
Design of Experiments  Table | Respanse Surface | Calculations | Gosls | Variables | Options |
| scPUPower | SFanx | sMemon_Power | Bpot.. |
1 29w 2m_per_sec o
2 125w 2m_per_sec W
EREL 2 _per_sae W
4 25w Trm_peeer_sec oW
5 |25W hjﬂ'__,!ﬂ.‘ oW
£ 25W Im_per_sec 25W
7 |25W 2m_per_sec 75
g 125w Tm_per_sec 25W
ERERR Tm_peer_sec 25W
10 125W Im_per_sec 250
11 375w Yo pe_sec  25W
12 125w Tm_per_sec TEW
13 | 375W Tm_per_sec 75W
14 125w Im_per_sec W
15 I75W Im_per_sec 75
Ect Variables ™ | HPC and Analysis Options.__ | [ Show Advanced Options ok | cance |

Figure 6-7: Design of Experiments Setup dialog box - Table tab

4. Click the Calculations tab.
5. Click Setup Calculations.
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Designs of Experimients Setup k4

Diesign of Experments | Table | Response Suface Calcuiations | Goals | Variables | Options |

seupCadaorn [|  0one |

Edt Variables ¥ | HPC and Analysis Options._ | ™ Show Advanced Options [ ok | camew |

Figure 6-8: Design of Experiments Setup dialog box - Calculations tab

6. Inthe Add/Edit Calculation dialog box, select Monitor under Category and CPU_Mon-
itor.Temperature under Quantity.

7. Click Add Calculation.
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=2 Add/Edit Calculation %

Context

mt [Merubee -

Soton: [sempi: SteadyState v

Trace | Calculation Range |

Calculation Expression : |l.‘.P1.I_r-mtnr.Tenwal::.re Fursction. ..

ang_deg_val
ang_rad
asin

asinh

Atan

atanh

cLi_nteg
CLf_Sun

dB 10normalize
dB 20normalize
dEW

deiy
aven

Gutput Variables. .. | Add Calalation |

Figure 6-9: Add/Edit Calculation dialog box

Select Memory_Monitor.Temperature under Quantity.

Click Add Calculation.

Select Exhaust_Monitor.Speed under Quantity and click Add Calculation.
Click Done to close the Add/Edit Calculation dialog box.
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Designs of Experimients Setup k4
Design of Experiments | Table | Response Suface Calculstions | Gosls | Varables | Options |
| Hame | Solution | Calculation
CFL_Monitor, Temperatung Sehup | ; ReadyStale | TPL)_Monitor, Temperatuny
Memarny_Montor Tempenature Setupd - SteadyState | Memory_Montor, Tempenal
Edhaust_Mondior Speed Setupd - SteadyState | Edhaust_Mordior Speed
L4 »
Sehup Calculatiorn |
Edt Variables ¥ | HPC and Analysis Options._ | ™ Show Advanced Options [ ok | camew |

Figure 6-10: Design of Experiments Setup dialog box - populated Calculations tab

12. Click OK to close the Design of Experiment Setup dialog box.

Analyze the Design of Experiments

1. Inthe Project Manager, expand Optimetrics and right-click DesignOfEx-
perimentsSetup1.
2. From the right-click menu, select Analyze.

Note: Depending on the hardware and licensing configuration, the trials can take upwards
of 15 minutes to complete.

3. After the analysis is complete, right-click DesignOfExperimentsSetup1 and select View
Analysis Result to open the Post Analysis Display dialog box.
» On the Result tab, toggle between the Table and Plot views to display data for each vari-
ation.
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B Post Amalysis Display - m}

=l o
View. © Table  Set Other Sweep Vavisbles Value_ |

[CesgrifExperments St

& Pt %[ $CPU_Power =] 7 [Sehupl : SteadyState : CFU_Moritos, Tempershrs =]

3

=2
& 8
g =
losswuliua,

=
1

CPU_Menitor Temperalune
i

QSW-|r||rll1||r|||rl1||r1||r|1||r'|||rl'||||1||rll|'|||:||
1250 15.00 17.50 20,00 22580 25.00 2750 30.00 3250 35.00 ERE

SCPU_Power (W]

_ o |

Figure 6-11: Post Analysis Display - Result tab Plot

» Next to View, select Table to review the table displaying data for each variation.

B Post Analysis Display - m] k4

=l o
FResult | Profils | Response Sudace |
View: (= Table | Show complebe oulpul nams

| Desgnif Experments Setup

Pt
Vasiation | SCPU_Powes| $Fan | $Memosp_Powes [ CPU_Moniior Temperat | Memony_Moritor Temp. .| Exhaust_Moritor Speed | ~
1 = Zm_per_tec 5w A7 T4 T 10 B e 1 2037 3m_per_tec
2 125 Zm_per_soc W 35052 eed 67 612258ce] 1 B0 Mm_pes_snc
3 ka1 2my_par_tec W B0.434351 0l TAITES2cel 1. B0 7EShm_per_sec
4 = Tm_per_tec S B3 0557 4Tend B45127 8 ced 0 TH55458m_pee_tec
5 ez Jmy_peer_sec T 42 5TEEMcel B4 4707 2cel 2 45T Bi_pees_sex
& 2 2m_per_tee 2 Bl 46 S0 Rend 45 TR 3en] 1 20765 8m_per_twe
7 =W Zm_per_sec 7.5 47 7374 1800l BA514276cel 1, TEQIM08m_pes_sec
8 125w Trmy_pese_see: 2 5wl 41 5250 e 53 Mhibdcel 0 P51 Sm_per_tec
9 e Tem_pasi_t: 250/ 7990851 %0 B4 BEE 3 Tewl 0 PUEEEIGTin_pee_se:
10 125w 3my_per_sec 25w 3. 2831410l 42 3543806l 2 4STI282m_per_ser
1 EE m_per_sec: 2 5l 52 71 3deed 45 F1520 Poed 2 4R35 m,_per_pec
12 12560 Tmy_per_sec 7.5 4B 1313 ol 104 4734l 0. 7955574 9m_per_sec
13 7o Trn_per_sec 75w 4, S 116 7690 3eed 0 TS5 351 m_pee_see
14 AR E PP T B T e P el CE T P, ARG AR mna i

4

o= |

Figure 6-12: Post Analysis Display - Result tab Table
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+ On the Response Surface tab, view the data for each variation based on the selection in
the View drop-down list.
* Next to the View drop-down list, click the ... button to open the Response Curves
(2D Slices) dialog box.

B " Response Curves(2D Slices) Properties >
Fesolution

Xduds: |50 |SCPU_Power B2

Slice Axis: | 10 |5Fan_?{ ﬂ

Y Axis: |CF'LI_M|:|niIJ:|r.TemperaIJ_|rE j

Variable Values:

12, 5W 37.0W
I
I

1m_per_sec 3m_per_sec
I
I

2.0 W 7.0

EMemory_Power:

Iv¥* Real ime mode [+ Full Range Axis

Figure 6-13: Response Curves (2D Slices) Properties

¢ Inthe Slice Axis field, enter 10.

» Select various configurations for the axes, and use the slider bar to change the
power of the CPU and memory and the speed of the fan. With the Real time mode
check box selected, the response surface is updated automatically. Click Close.
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B Post Amalysis Display - m} k4

[CesgrifExperments St =] /

Resut | Protde  Pesporse Sudace |

View: |[Respanse CurvesiZ0 stm;-jj $Memory_Pawers5W Epod

Curea Indo

87.50 = CPU_Monitor Tempersbue
SFan_X = im_per_sec
E 75.00 CPU_Monitor, Temperature
& SFan_X = 1.2m_per_sec
2
o
g. 62 50 = CPU_Maonitor. Temperaburs
E SFan_x = 1.4m_per_sec
-
5
E 50.00 - CPY_Monitor Tempanatune
EI SFan_X = 1,6m_per_sec
E AT 50
CPU_Monitor Temperabune
SFan_X = 1.8m_per_sec
s T—71T 77 T 7T
1250 17.50 2250 2750 3250 3780 |~ CFU_Monitor Temperature

SFan_X = 2m_pei_isc

SCPU_Power W]

_ o |

Figure 6-14: Post Analysis Display - Response Curves (2D Slices)

* From the View drop-down list, select Response Surface to display a 3D response sur-
face.
» Click the ... button to open the Response Surface dialog box.

» Select various configurations for the axes, and use the slider bar to change the power of
the CPU and memory and the speed of the fan. With the Real time mode check box selec-
ted, the response surface is updated automatically.
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' Post Anslysis Displey
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Figure 6-15: Post Analysis Display - Response Surface
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