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Simulation CFD for Newbhies

Jim Swain — Synergis Technologies

SM5852-L  Have you heard about Simulation CFD software? Do you want to see how easy it is to
get started? Would you like to play with a new software system? Come on down to the hands-on lab.
Pick which scenario you want to explore, whether it is electronics cooling, airflow in a room, or wind
loading on a structure. Choose what type of results you are interested in. Explore and learn.

Learning Objectives
At the end of this class, you will be able to:

e Learn how to bring Inventor software models into Simulation CFD software
e Learn how to set up a simple analysis
e Learn how to run the analysis

¢ Investigate results and compare different design scenarios

About the Speaker
Jim Swain has over 25 years of CAD experience, including working in the consumer electronics and
automotive industries as a design engineer, a test engineer, and a CAD administrator. For the last 17
years he has been a project manager, solutions engineer, and trainer with Synergis Technologies, LLC,
an Autodesk Reseller in Pennsylvania. He has also taught college-level design classes and is an
Autodesk Inventor Certified Expert, having been in the first group of people to take and pass the
Autodesk certification exam at Autodesk University in 2003
jim.swain@synergis.com
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Simulation CFD for Newbies

This lab is a little different from most that you will see at Autodesk University. In this lab you
can pick which of three different scenarios you would like to try. Each looks at different aspects
of Simulation CFD.

e Scenario 1 — Electronics Cooling
e Scenario 2 — Air Flow in a Room
e Scenario 3 —Wind Loading on a Structure

The scenarios all have a starting Inventor model, a corresponding starting Simulation CFD
design study, and a completed run for examining the results.

We will do this lab in the best cooking show tradition:

¢ You will start the analysis and let it run for a few iterations.
¢ You will then stop the analysis and open a completed run.
o This is the part that takes place when the cooking show goes to a commercial
break.

¢ You will then examine the results in completed run file.

This introduction will outline the basic tools and workflow for Simulation CFD. The instructions
for each scenario will then go through the specific picks and clicks.
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Simulation CFD for Newbies

Basic Workflow for Simulation CFD

e Learn how to bring Inventor software models into Simulation CFD

software

The geometry for an analysis can be brought over directly from Inventor. For these lab
scenarios we will use the Active Model choice.

I = §e
¥ . -

Assemble Sir

% Active Model

& iParts/iAssemblies

% CAD Entity Groups
Simulation CFD 2015

R [ ame ] Pcsystemaiom * |

Eostietp, press L.

This tool will start the Simulation
CFD software and request a
name for the simulation’s Design
and Scenario. The Study name is
already the same as the Inventor
file that the study was launched
from.

', Design Study Manager

| New design study | Update design study |

Study name: PC_System2

Design name:  Design 1
Scenario name: Scenario 1

Study path: 2sktop/AU 2014/CFD Lab/Game System/Workspace [LZ]

The Launch button will then
begin bringing the geometry into
Simulation CFD. {\ AUTODESK.




Simulation CFD for Newbies

Once the Inventor geometry is brought into Simulation CFD the Geometry Tools is
automatically started. These tools can also be started again later if this dialog box is closed.

& Geametry Tools ]

Ehge v\ Sl Gbjeet /vt F Bt vt |,

4 Design 1
2, Scenaria 1 ctge mergrg

13 Aluminum_...
14 PCB1@PCE
15 Heat Sink 1

16 Capacitor:13. W g
17 Capacitor:12.
18 Capacitor:11
19 Capacitor:10.
20 Power 1BPC_
21 Capacitor.1:
22 Connector.
3 Capacitor_1
24 Capacitor:a,
25 Capacitor ...

tor

is modsl
ve szl for this model

Criieal Vokies G5

0 Edge(s) selected

Learn how to set up a simple analysis

Basic Screen Elements - Setup
The Simulation CFD user interface is very similar to other Autodesk software, including

Inventor.

1.

Instead of Inventor’s Browser
we have the Design Study
Bar, where the elements of
the analysis are listed.

There is also the Output Bar.
This displays messages from
the software, such as the
progress of an analysis.
Clicking on the Output Bar’s
title bar will minimize it in the
window. Clicking on it again
will return it to its previous
state.

# 14 PCB1BPCE.
15 Heat Sink 1(

5 Volumes) seiected




Simulation CFD for Newbies

View Controls

While simulation CFD has dedicated viewing controls, and can be set to mimic the controls in
various CAD packages. By default, the View box behaves the same in Simulation CFD as it
does in Inventor. You can also use the mouse wheel in the same as in Inventor.

Hiding and Showing Objects

A challenge for new users is often how to change the
display of objects in the graphics window. Let’s step
through this for hiding some objects.

ER
Results Autodesk 360  Start {
g Templa [R r‘I r

Add/Update [} Ryles @Smafe Volume
Design

Aut

o Make sure the selection mode is set to
Volume.

o Click on an object, right click on and
select Hide.

; Enable Volume Selection.
Design Study Tools +

Press F1 for more help

Necinn Stidv Rar A X

Selection: Volume  *
Selection list
Select all
Deselect all
Previous
Group
Shaded
Outline
Transparent
Favorites
Make favorite
Edit..

' Unassigned

o To display already hidden objects there are two choices: o

» Right click in an empty part of the graphics window and M ea.

= Remove
select Show All. e —

= Hold down the Control key and roll the mouse wheel. This | & showal
will scroll through the hidden object display list. e

Solver manager..

Monitor point...

0P

2231



Simulation CFD for Newbies

o Individual volumes can also be selected, then have their display
style set to Shaded, Outline, Transparent, Wireframe, or Shaded
Mesh.

Shaded
Qutline

]

Transparent
Wireframe
Shaded mesh

Assigning Materials

Components come into Simulation CFD with no assign material properties. These can be
assigned individually by picking an object and editing its material or by using rules to
automatically assign materials to objects based on criteria. Since there are a large number of
objects in the electronics enclosure scenario only a few will be assigned materials manually.
The rest will be assigned via rules.

Choose the general category of material, such as solid or liquid, then choose the specific
material in that category.

Autodesk Simulation CFD 2015 PC_Syste Design 1:Scenano 1

sk 360 Sta am _ Community _ Add-Ins
g - | - Solver Manager " D Direct = B show an
1) fﬂ @ (@) C&E ot ; et oren @"_‘ . = Material Editor
addfupdate (5 llies | Geometry |Materiafl Boundary | Initial | Mesh |Motion| Solve =@ SowtionMonitor | [ Surface Select Previous h_" DEsEIEt Edit Remove @) scenario Environment
Design [Conditions Conditions Sizing B2 Notifications [y selectal B Deselect Al
beign s = Simiion ~ Secion Vi e
Design Study Bar
- Note
[g, Design 1
“ Geometry (inch-BTU/s)
4 [, Scenario 1
4 & Material
4 & Unassigned
# 1 Shroud(1_5m...
B33l 3 Materials
@ 3 new-housing:1 )
@ 4air2:1 Property settings
e Material Edit...
an_Housing: N
# 7 fan21 Material DB Name Default
® 8 air21 Selection: olume Type Solid
@ 921 Selection list
i ABS (Molded) b4
i 10 Processor C... Select all i S
@ 11 Drive:l 231 % Deselect all nvironment et..
# 12 Connector_E... ’ Previous

@ 13 Aluminum_... Geoup
® 1apci@PcE. || s
15 Heat Sink 1(..

# 16 Capacitor:13...

Shaded
Qutline

? @ Tansparent
# 17 Capacitor:12...

# 18 Capacitor:11...
# 19 Capacitor:10...
# 20 Power:1@PC...
@ 21 Capacitor_1:...
@ 22 Connector_..
@ 23 Capacitor_1....
@ 24 Capacitor:9...
@ 25 Capacitor8... I wnassgned
@ 26 Inductor_1:2...

@ 27 Inductor_1:1.. ~| | Ouputser |

Favorites

3 @ [ Apply H Remove H Cancel

5 Remove all

& Hide

55 Volume(s) selected

A useful technique when manually applying materials is to apply the material, then hide that
object. This makes it easy to pick the next object on the screen.

Assigning Boundary Conditions

Boundary conditions are added the same way as material conditions, but are often added to
surfaces instead of volumes. Therefore, be sure to double check the selection mode before
adding boundary conditions.
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Assigning Initial Conditions

Initial conditions are used in transient analyses to assign starting conditions, such as the initial
temperature of an object. For this lab we won’t be assigning Initial Conditions as all analyses will
be solved for steady state conditions.

Assigning Mesh Sizing
The mesh sizing can be adjusted in areas of interest or areas that have relatively large or small
geometric features. For the scenarios in this lab we won’t be adjusting the mesh sizing.

¢ Run the analysis
Once the setup tasks are completed click the Solve tool button to set the physics of the
analysis. The choices include whether heat transfer or only fluid flow are being considered, and
if transient conditions or only steady state results are of interest. After the choices are made,
click the Solve button to begin the analysis itself.

Once the analysis is running the Solve button will be replaced by a Stop button. Clicking on the
Stop button will stop the analysis once it has finished calculating the results for that iteration.

A new analysis will start at Iteration 0. An analysis can be stopped at any time, and restarted.
For example: this may be done to turn on heat transfer once a forced convection flow pattern
has been established.

Solve @ Solve @
Control | Physics | Adaptation control | Physics | Adaptation
Solution Mode Steady State Flow v
> Save Intervals Compressibility Incompressible
Solver Computer MyComputer Heat Transfer
Continue From 0
Iterations to Run 100 =
Solution control ‘ | Result quantities ‘ Turbulence | ‘ Advanced Solar heating Free surface
@ Solve @ Solve
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e Investigate results and compare different design scenarios
After one iteration has completed you can go to the Results tab and begin reviewing the
analysis results. (Don’t expect a lot from lteration #1.)

Type a keyword or phrase 1

Se LESTICl View  Vault  Autodesk 360  Start & Learn  Community  Add-Ins o -
g Fr s s ET [ StatusFile | 400 (Last) - & tdit Rg Traces
@ g l'_!!l }’\ ! Result: | Velocity Magnitu... ~|
[} X - R summary file |0 < B 0P A Vector Settings &) Bulk
Summary Global [Planes| Iso Surfaces ~ Wall Parts Points | Decision | Report Add Vector:| (1) Velocity Vector |
Center | Generator | [Ef) Setup File = Solve = Remove ~ P2 XY Plot

Image &g Calculator
| Results Tasks

Image Compare | Reporting Review v ‘ Iteration/Step | Planes v |

While there isn’t space to show all of the methods of investigating the results of an analysis here
are some of the major tools:

Global

The Global results are always shown. Typically they will show temperatures or velocities. Global
vectors can also be displayed. These are useful for showing the fluid velocities and directions
within the analysis.

Planes

Information can be shown on one or more planes slicing through the analysis. Planes can be
added, then repositioned and reoriented using the coordinate system handles. A planes final
position can be tweaked using the Edit tool.

Plane Control @

Color by result| Velocity Magnitude -

Position

Paint on plane | -6.23, 5.68, -3.54

Move
[J178
Snap 0.00 %

Rotate
& 0

Snap 1 [%
(Rotation axis| 0, 1, 0

Save table...
@ Appearance: | [IJ) Shaded -

Grid spacing
Fine: D Coarse
0.0156 0.398 0.781

In addition to showing information via color a
plane can also display vectors. This is very
useful for showing the out of plane velocities
through an analysis.

Hint: Be sure that the fluid volume isn’t hidden
when showing velocities. It is often helpful to turn
the display of the fluid volume to Outline.
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Iso Surfaces
Iso surfaces will show all surfaces that have the same property,
such as all areas that have the same velocity in a fluid.

Wall Calculator o
The wall calculator tool can be used to find heat fluxes, forces, ... .~ =
pressures, etc., acting on a single face or an entire volume.

Parts parts |

Model entity selection

The Parts tool is useful for showing specific information about a part, © % % O Growoperston: (P
. [] 13 Heat_Sink_1(Extruded_Fins):1
such as its temperature.

Decision Center

Decision Center is a separate browser window that can be used to
compare information from various designs and scenarios within a single e ——
analysis. I -

Volume = 3.7072 in3

Minimum Temperature = 84.512 Fahrenheit at
( -5.699, 2.4358, -2.2975)

Planes, parts and views can be marked as summary items. The results
for the summary items can then be shown across the designs and
scenarios in the study.

Maximum Temperature = 101.103355
Fahrenheit at ( -3.8128, 0.9397, -3.7842)

Volume Averaged Temperature = 92.428 =
Fahrenheit =

Calculate Save... @

i
.
i
{
|
I\
e
h - |
“l -
:
y
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Ok, now for the fun stuff...

e Scenario 1 - Electronics Cooling

Open the Inventor File
1. Start Inventor and check that the project file is set to SM5852-L.ipj.
2. Open the Electronics Enclosure.iam file.

Send to Simulation CFD

PC_Syste...

PGl Simulation

Vault

Get Started  Add-Ins

Sketch  Inspect Tools Manage View  Environments

& Active Model

& iParts/iAssemblie
& CAD Entity Gro

=6 8

rEIEIE
i |
1 Ly 1oty
o]

T | % Assembly View v #4
B Pc_System2.iam (Baseline)
- (] Relationships

=~ [ Representations

T View: Default
= Position

E+- Ho Level of Detail : Baseline
Ho Master
e All Components Suppressed
e All Parts Suppressed
Do All Content Center Suppressed

~

B—:h—b Al =

HPs

o new

[1He Baseline

He Tterationi

He Iteration2

- ] origin

- [ newr-housing: 1

- () Fan_Housing: 1

#- () shroud(1_Small_Shroud):1

- (7 shroud{3_Full_shroud):1 {Suppressed)
- [ PCB_Gaming_system:1

£ () Heat_Sink_1(Extruded_Fins):1
- () Hestsik_1{Elipscal_Fins)y
£~ () Drive:1

= () fan2:1

] origin
53 work Flane1
[T work Flane3

Flush:11
a Model ~ 7]

#- () fanz:2
¥ | “rAssemblv View ~ &

Assemble  Simplify 3D Model

-

& Active Model I

% iParts/iAssemblies o
Launch Simplify Model

% CAD Entity Groups | Active Model
Simulation CFD 2015 Simulation Mechanical 2015

4

- (Tairzi1
‘x
4

BB [(MyHome ] PC_systemziam =

Ready

3. Choose the Active Model tool from the Simulation CFD 2015 panel of the Simulation

tab.
4. Click OK in the Save dialog box.

10
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Apply Geometric Tools

=@ %

iR
[ )
1 ey | oy
)
S

)

| New design study I Update design study |

Study name:

PC_System2

Design name:

Design 1

Scenario name:
Study path:

Scenario 1
2sktop/AU 2014/CFD Lab/Game System/Workspace

{\ AUTODESK.

5. Click in the Launch button on the Design Study Manager dialog box. This will create a
new design study with the default name.

& Direct -
= %, Geometry Tools @
Design Study Tools = | Setup Tasks Simulation = Selection
Design Study Bar 5
Note - Edge Merge \/~Small Object \/ Void Fill_\/” Ext. Volume \
@, Design 1 £. Geometry Tools =] Edge merging
% Geometry (inch-BTU/s) =
4 (i Scevario 1 Ed;:':;'lm\a_—M [ Veid Fil [ Bd. Volume Merge edges whose included angle is
4 Material
. :-Z::;igned Merge adges whoss included angle s less than (degrees): E
loss than (degrees): 5 =
Dot ciges o be marged. 27 = Edges to be merged: 27
3 new-housing:1 |
: :::r] ousing: 2 miplay edges w be merged Display edges to be merged
5 fanz2 * 15
& Fan_Housing:1 @ ‘ Undo ‘
7 fan21 E—
8 air21
9 air2:1
10 Processor C...
11 Drive:l.
12 Connector.E-..
13 Aluminum_...
14 PCBA@PCE...
15 Heat_Sink_1(... —
16 Capacitor:13...
1 Croating natve modl...
19 Capacitor10... | | Cresbng naive
20 Power1@PC... | | Assambly modol genorsted.
i Dusigen model loaded.
2 Copactorr., ||
22 Connector Buikding isplay mocel..
Dispay ode complets.
Ferforming ful tiagnastic sreep...
The edge merging tool may prave useful for this model
25 Capacitors.. The small abject removal tool may prove useful for this model.
Dingnostic sweep complete.
26 Inductor_ License check.
27 Inductor_ Lioense eheck complete.
28 Capacitor_
29 Capacitor L.
30 Capacitor_1:...
| \_Message window 1 Comerpence Fist /\_Crlical Vlues '\ ey Reviews Carder |

11



Simulation CFD for Newbies

6. Select Merge in the Edge Merge tools tab of the Geometry Tools dialog box.
7. Select Remove in the Small Object tools tab.
8. Close the Geometry Tools dialog box.

Assign Materials
The Material tool is automatically activated once the Geometry Tools dialog box is closed.
Currently none of the CAD parts have any assigned materials.

FD 2015 PC_Syster Design 1=Scenario 1

O @ <I> —oo 009 [ soiver Manager @ Direct ~ [ Show Al / -
§ = Material Editor
lution Monit irf: lect Previ i S
R ouncary| il | Mesh | Motion)| Sotve EB Solution Monitor | () Surface  [dg Select Previous [y Deselect

“g [ Templates &

Add/Update {3 Rules Geometry Edit Remove @) scenario Environment
Design Tools Conditions Conditions Sizing 8 Notifications B setectanl By Deselect All
Design Study Tools Setup Tasks Simulation v Selection Materials

Design Study Bar & x

ANote -

P Design 1

% Geometry (inch-BTU/s)
4 [y, Scenario 1
4 & Material
4 & Unassigned

@ 1 Shroud(1_Sm..
@ 2air21
@ 3 new-housing:1
@ 4 air2:1
@ 5 fan2:2
# 6 Fan_Housing:1
@ 7 fan2:1
o 8 air2:1

& 9air21 : Volume: 3
@ 10 Processor_C.. {Unassigned]

& 11 Drive:l

@ 12 Connector_E...

@ 13 Aluminum_... |
@ 14 PCB:1@PCB..

& 15 Heat_Sink_1(...

@ 16 Capacitor:13...

& 17 Capacitor:12.

# 18 Capacitor:11...

& 19 Capacitor:10...

& 20 Power:1@PC...
@ 21 Capacitor_1:...

@ 22 Connector._...

@ 23 Capacitor_1:...

@ 24 Capacitor:9...

& 25 Capacitor:s...

@ 26 Inductor_1:2...

# 27 Inductor_L:1... L

28 Capacitor_1:... B unassigned

# 29 Capacitor_1:...
30 Capacitor_1-...

~ | | output Bar

1 Volume(s) selected

9. Click on the outer case of the model. Pick
the Edit tool from the Ribbon, the in-
canvas menu, or the right click pop up
menu. Change the material to Solid and
ABS (Polycarbonate) and Apply.

Materials
Property settings
Material Edit..

10. Right click again on the case and choose e
Name ABS (Polycarbonate)

HI d e . Environment Set...

o [omy [ merme ][ o

12



Apply Rules

11. To speed material assignment, choose the Rules tool from

the Design Study Tools panel.

12. Use the Import rules... tool to read the rules from the
SM5852-L.usr file in the lab’s top level folder.
13. Choose the Select all button, then the Apply now button in

the Rule Manager dialog box.
14. Close the Rule Manager dialog box.

Several volumes are still not assigned a material.

15. Highlight the volumes named air in the Design Study Bar and

change their material to Fluid, Air.

16. Highlight the volumes named fan and change their material to
Internal Fan/Pump, Nidec U8B80R12 Gaming System.

17. Click the ellipses button next to the Flow Direction field, then
the Select surface button. Choose the outside facing face of
the ring that represents the fan volume. This will set the flow

direction to 0,0,-1. Then pick Apply.

clec) Apply
ded

1
™
d_Gaming_System - Local (1)

arl

Remaove

Cancel

~ | Flow Direction =

i Inverse

Select direction or
surface normal to
direction

Global

0,01

To close, continue to next
step.

Simulation CFD for Newbies

ti-DEEIQ d-0)-
Setup

Y—.

#g L_@ Templates L_,ia

Add/Update Geometr

Design Tools

Design Study Toaols + |

Design Study Bar 8 x

4 g Silicon [Fixed]
3 39 South_Bridg...
3 40 South_Bridg...
@ 41 Memory_De...
3 42 Memory _De...
@ 43 Memory_De...
@ 44 Memory_De...
4 g% Unassigned
@ 2 air2z1
@ 4 air2z1
@ 5 fan2:2
@ 7 fan2:1
@ 8 air21
@ 9 airz1
4 %) Boundary Conditions
4 % [Total Heat Gener... |=

7 52 Processor_G... 285 (Molded)
4 Initial Conditions 28BS Molded
> &> Mesh Size Ar

e~ Aluminum

13
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Assign Boundary Conditions
The inlet and outlet portions of the model need to have their surface boundary conditions set to
a static pressure of 0 psi gauge.

18. Start the Boundary Conditions tool on the Setup Tasks panel.

Boundary Conditions

Property settings
Unit Velocity -
Time Rotational Velocity
Method Volume Flow Rate
Direction Mass Flow Rate

Spatial Variations  |Pressure

Velocity Magnitu... | Temperature
Slip/Symmetry
Unknown

Scalar

Humidity ad
Apply I [ Remave ] [ Cancel

-___--"‘*\__ .

19. Select the outer surfaces of the air inlet and set the Pressure to 0 Gage.
20. Set the outer surfaces of the inlet on the opposite face of the enclosure.

Boundary Conditions =
Property settings
Unit psi
Time Steady State
Pressure ]
Gage / Absolute Gage
Static / Total Static

14
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This is only a flow analysis. For a full thermal analysis, the heat generation of the other
electronic components would be added and the air temperature of the incoming air would be
specified.

Note: Don’t run the Mesh Sizing tools on this model! The existing mesh settings allow
the heat sink fins to mesh.

Run the Analysis

Solve

Physics Adaptation

Flow
Compressibility Incompressible
Heat Transfer

Turbulence ” Advanced Solar heating
©

21. Pick the Solve tool, make sure only Flow is selected, and press the Solve button.

22. Once the analysis has started, and the Results ribbon tab is active, right click on the
overall volume and set its display style to Outline.

23. Go back to the Solve dialog box and Stop the analysis.

Once one iteration of the analysis has been completed you can start investigating the
results. For the next section, you will open a study where the analysis has successfully
completed.

Investigate the Results

Open the Results File
24. Use the Open command from the Application Menu, and open the Electronic
Enclosure Cooling_support.cfz file. This will bring in results from a completed
analysis.
25. Select the Results tab, and change the Global results to Temperature.
26. Right click on the main air volume and Hide it.
27. Hide the hard drive and the heat sink under it to see the temperature of the CPU.

15
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28. Hold down the Control key and scroll the mouse wheel to unhide the heat sink, the hard
drive and the air volume.
29. Right click on the main air volume and change its display to Outline.

g:Design 1-Scenario 1

ynam

h[’] a g
= [ad static 1
tatic Image
Summary 98 ? (Globall Planes Iso Surfaces  Wall  Parts Points | Decisiol
Image  &§ Animation Calculator Center

Image Results Tasks ~

Design Study Bar & x
= Note ® Ve;w,;:e‘;:zur! - Fahrenheit
4 Design 1 165

& Geometry (inch-BTU/s) 155
4 [, Scenario 1 :;:
& Material b
4 Boundary Conditions 15
40 Initial Conditions - 105
& Mesh Size (auto)
& Motion
3 Groups
= Solve
4@ Results
4 & Materials
& Nidec UBOR12 Ga...
4 & PCB_3grmd_Gamin.
7 @ 14 PCB1@P..
& silicon
& Air
2 Nidec UBOR12 Ga
4 & Default CTM
¥ @ 10 Processor..
V| @ 52 Processor..
4 2 ABS_Molded
7| @ 3 new-housi... Output Bar
¥ @ 6 Fan_Housin.
& ABS (Molded)
& Aluminum

30. Select the Planes tool and click the Add button.

31. Change the display results for the plane to = * 2 i
. . i Result: | Temperature -
VeIOCIty MagnItUde' ) Add ‘ﬂ Vector Settings Vector: |Ve|0city Magnitude |U
32. Move and rotate the plane to explore the air flow | = Remove VicVelocity .
around the fins. Vyeloctty

Vz-Velocity 1K

Static Pressure

Temperature

Scalar variable

Density

Viscosity

Shear Stress XY (Tau-XY)
Shear Stress YZ (Tau-YZ)
Shear Stress ZX (Tau-ZX)
Shear Stress (Tau) Magnitude

Wall Film Coefficients

Notice how the air is bypassing the larger cooling fins. Next we will take a look at a design
with a fan shroud directing airflow through the heat sink’s fins.

16
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Compare Results
o == TR g 09 a epuoraarprrase [ERENES

Results Start & Learn  Community  Add-Ins o -

@ [Eg Dynamic Image iEll @ = e [E8 Status File 400 (Last) ~ Global Result: Temperature -
E Static Image —r s Erj Summary File (][l a4 b UD Global Vector: MNone |
Summary Planes Iso Surfaces ~ Wall Parts Points ||Decision Report
Image e% Animation Calculator Center || Generator Eﬁ' Setup File = Solve A Vector Settings
Image | Results Tasks | Compare | Reporting | Review « Iteration/Step Global
Design Study Bar B X o
X (1) Velocity Magnitude - in/s e |
@ 31 Connector_B:1... * 3293 ¥

@ 32 Connector_Az2...

500
(@ 33 Connector_A:1...

400

4 g, Aluminum 200
@ 8 Drive:1 200
@ 11 Aluminum_He... 100
@ 13 Heat_Sink_1(Ex... v
9 14 Capacitor:13@... © E”;Z?;‘“m - Fah
@ 15 Capacitor:12@...

125
3 16 Capacitor:11@... 115

@ 17 Capacitor:10@... |
(9 19 Capacitor_1:5... E
@ 21 Capacitor_1:4...

@ 22 Capacitor9@... _

105
a5
B3

m Decision Center
4 Critical Values

“ E‘ Summary Parts ’ Output Bar
® Summary Part 1

% Summary Part 50

Summary Parts | Summary Planes Plot

‘\@ Summary Planes Summary Part 1
@ Summary Plane 1 ® 100.828 94.996 N/A  [Fahrenhe~ ][] Add row

140434 125908 N/A O

2 112,896 975 N/A  [Fahrenhe~ ][] Delete row

Summary Part 50

O 116188 100,652 N/A  [Fahrenhe~ ][]
174476 139675 N/A O
148,806 112078 N/A 0

Message Window /\_Convergence Plot_/\_Critical Values /_Design Review Center /

33. Turn on the Decision Center.

34. Two parts are listed as Summary Parts, the CPU =, pecision Center
and the GPU. Right click on the Summary Parts 4 [ critical Values
header and pick Update critical values. 4[® summary Parts Collapse [

35. Since these are defined as Compact Thermal ® Summary Par _

. . . @ Summary Par Select scenarios..
Model material parts the board, junction, and

4 L@‘ Summary Plan Update critical values
case temperatures are automatically calculated. @ Summary Pla,  Remove all

Notice how the temperatures are about 15° F lower for the revised design.

End of the Electronics Cooling scenario.
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e Scenario 2 - Air Flow in a Room

Open the Inventor File

Simulation CFD for Newbies

1. Start Inventor and check that the project file is set to SM5852-L.ipj.

2. Open the Display Room.ipt file.

Send to Simulation CFD

3. Choose the Active Model tool from the Simulation CFD 2015 panel of the Simulation

tab.
4. Click OK in the Save dialog box.

5. Click in the Launch button on the Design Study Manager dialog box. This will create a

new design study with the default name.

Setup the Analysis
Note: it isn’t necessary to apply any of the

Geometry Tools to this model to get it ready for
analysis.

Assign Materials
6. Click on the larger body of the model.
Pick the Edit tool from the Ribbon, the
in-canvas menu, or the right click pop up
menu. Change the material to Solid and

-

Materials
Property settings

@

Material

Material DB Name  Default

Type

Edit...

Solid
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Hardwood, and then click Apply.

7. Right click again on the same body and choose Hide. This will hide the exterior volume
shell.

8. Repeat steps 6 and 7 for remaining volumes in the model. Change all these volumes to
Fluid and Air.

9. Use the View Cube to change the view orientation to match the image shown here.

i

Alr
Hardwood

Assign Boundary Conditions
The inlet and outlet portions of the model need to have their surface boundary conditions set to

a static pressure of 0 psi gauge.

10. Right click in the graphics window and pick Show all.
11. Start the Boundary Conditions tool on the Setup Tasks panel.
12. Select the 5 faces shown and Edit their boundary conditions to have a Pressure of O

Gage.

Note: You may have to change the Selection mode to Surface in order to pick just those faces.
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13. Pick the Deselect All tool from the
Selection panel.

14. Select just the end of the volume
shown, and Edit its boundary
condition to have a Volumetric
Flow Rate of 300 ft*/min. Click
Apply to accept the edit.

Add-Ins v

oo Solver Manager

Simulation =

(1 volume Direct ~ Hy show All

Solve E Solution Monitor &i Select Previous 93 Deselect

B4 Notifications

Simulation CFD for Newbies

S =

Edit Remove

E@; Deselect All

By Setect Al

Selection

Deselect All

Deselect all entities.

Press F1 for more help

Boundary Canditions
Fraperty settings
Type Volume Flow Rate
Unit T

1t3/min
Time Steady State
600
Direction Reverse Normal
Fully Developed

20



Simulation CFD for Newbies

Run the Analysis

rol | Foysics | Adaptation |

Fiow ]
Compressibility Incompressible
Heat Transfe:

Turbulence Advanced | Solar heating

@

Air
Hardwaod

15. Pick the Solve tool, make sure only Flow is selected, and press the Solve button.

16. Once the analysis has started, and the Results ribbon tab is active, and a few iterations
have run, right click on the overall volume and Hide it.

17. Click again in the same area and turn the display of the other air volume to Outline.

18. Go back to the Solve dialog box and Stop the analysis.

(1) Velocity Magnitude - mph
52,5264

Open the Results File

Units cm/h

Options... cm/min
Set to part.. cm/s
EI¥H ft/h
28,4001 ft/min
25.5682 ffs
in/h
17.0455 in/min
142045 in/s
11.3636 km/h
knots
m/h

19. Use the Open command from the Application Menu,
and open the Display Room_support.cfz file. This will
bring in results from a completed analysis.

20. Select the Results tab, and change the Global results to

Velocity Magnitude. ’ e
21. Right click on the overall volume and Hide it. A
22. Click again in the same area and turn the display of the e

other air volume to Outline.
23. Right click on the color bar and set the Units to mph.
24. Change the Global Vector: to Velocity Vector.
25. Select the Planes tool and click the Add button.
26. Change the display results for the plane to Velocity Magnitude.
27. Turn on the display of the Velocity Vectors.
28. Move and rotate the plane to explore the air flow in the room.
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() Velodty Magnitude - mpl
7.43338

5.68182
s11360 Plane Control =
©sisas Controls
Color by result| Velocity Magnitude ~
3.40909 [Paint on plane | 79.3, 76.7, 108
2.84001 MMD s
221272 - Snap 0.00 3]
170455 Normal | 0, 1, 0
113636 Rotate _
0568182 8 0 .
Snapl &
¢ (Rotation 33 0, 1, 0
Save table...
@ Appearance: | [T Shaded -
ot o
[ £. Legend Options
¥ user spectied range
Min: o
Mac: 4
Levels and coloring
. . . . @ Continuous Max labels: 25 |2
29. Right click on the color bar and change the Max to 2 mph. This will
help see the actual velocity range within the room itself. e
Notice how the air is recirculating around the room. s e .15

Compare Results
30. Use the Open command from the Application Menu, and open the Room — Both
Cases.cfzfile.
31. Double click on Restricted Duct.
32. Compare the circulation patterns in the two scenarios by adding planes to each as
above.

End of the Air Flow in a Room scenario.
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e Scenario 3 - Wind Loading on a Structure

Open the Inventor File
1. Start Inventor and check that the project file is set to SM5852-L.ipj.
2. Open the Shelter.iam file.

Send to Simulation CFD

o I~ * ~ >0

Aanage  View  Environments  Get Started  Vault  Autodesk 360 [ESIgVIEITD o -

| <z Assembly View ~ @4

4 SWLP with Environment.iam
7 [ Relationships
&
[Eel Repr
7 Origin
o [P YZ Plane
o~ [P %2 Plane

T B e Fl'm =26 Aax W @
= Y axis

[ Ezwis Assemble  Simplify 3D Model Design

= " Center Point
| & Active Model &
m

- B Shelter With Lower Panel:1
r- () Shelter - Ground:1
= () Shelter - Air:1
& iParts/iAssemblies o
Launch Simplify Model
% CAD Entity Groups | Active Model
Simulation CFD 2015 Simulation Mechanical 2015

- (] origin
=

I [ Work Plane1
- P Mate:2
Model ~ 2]
v

T

i B Flush:3
" B Flush:4

y

e

BB [ My Home I SWLP with Envir._iam = ]

Ready 12 13

3. Choose the Active Model tool from the Simulation CFD 2015 panel of the Simulation
tab.
4. Click OK in the Save dialog box.
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=0 %

%, Design Study Manager

| New design study | Update design study |
Study name: Shelter
Desgn name: Deslgn X
Scenario name: Scenario 1

Study path: C:/Users/Jim.Swain/Desktop/AU 2014/CFD Lab

{\ AUTODESK.

5. Click in the Launch button on the Design Study Manager dialog box. This will create a
new design study with the default name.

Setup the Analysis

Note: it isn’t necessary to apply any of the Geometry Tools to this model to get it ready for
analysis.

Assign Materials
Currently the CAD parts don’t have any assigned materials.

CFD 2015 Shelter_1

ig Type a keyword or phrase
; ew  Vault Community _ Add-In: -
== ®08% [ soiver Manager Volume| @ Direct ~ By show Al
) R remplates & @ [:] @ @ Q= B @ warerial Editor
) 5 [ES solution Monitor | () surface [l Select Previous iy Deselect
Add/Update [ Rules Geometry [Materials| Boundary  Initiasl  Mesh Motion | Solve Edit Remove @ Scenario Environment
Design Tools Conditions Conditions Sizing B Natifications By setect an B Desetect an
Design Study Tools ~ | Setup Tasks | Simulation = Selection Materials
Design Study Bar & x
3 Note
@ Design 1

% Geometry (inch-BTU/s)
4 (e} Scenario 1
# & Material
4 & Unassigned
@ 1 Shelter with Low...
@ 2 Shelter - Air:1
@ 3 Shelter - Groun...
@ 4 Shelter with Low...
@ 5 Volume
4 Boundary Conditions
4] Initial Conditions

Volume: 2
4> Mesh Size [Unassigned]

& Motion
@ Groups
4 = Solve

= Flow: On
= Heat Transfer: Off

B unassigned
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6. Click on the larger rectangle of the
model. Pick the Edit tool from the
Ribbon, the in-canvas menu, or the right
click pop up menu. Change the material
to Fluid and Air, and then click Apply.

7. Right click again on the rectangle and
choose Hide. This will hide the air
volume shell.

8. Repeat steps 6 and 7 for the underlying air volume.

Simulation CFD for Newbies

®

Materials
Property settings

Material Edit.

Material DB Name  Default
Fluid

Type

Environment Set..

@ gy |[ Remove ][ cancel

-X

9. Highlight the volumes for the shelter. Edit the material to be the Solid named ABS

(Polycarbonate).

10. Highlight the volume for the ground, and edit its material to be the Solid named Soil

(dry clay).

esign 1:5cenario 1

Design Study Toals + Setup Tasks Simulation

Selection

Design Study Bar RS
o Note
U, Design 1
% Geometry (inch-BTU/s) 144
4 ley, Scenario 1
4 & Material
4 d ABS (Polycarbonate) ...
@ 1 Shelter with Low...
@ 4 Shelter with Low...
4 & Air [Fixed]
J 2 Shelter - Air:1
J 5 Volume
4 3 soil (dry clay) [Fixed]
J 3 Shelter - Groun...
4 Boundary Conditions
40 Initial Conditions
& Mesh Size
& Motion
@ Groups
4 3 Solve
= Flow: On
= Heat Transfer: Off E ABS (Folycarbonate)
A

ir
sol (ry day)

11. Right click in the graphics window and pick Show all.

Assign Boundary Conditions

Setup esults & a 0 & Lea Community dd-Ins o -
— 3. =) 009 [ soer M 2 ~|ilp s
‘ alver Manager Volume| @ Direct Show Al i
'ID [ Templates M LZ) <b 0 = g £ BN B aterial Editor
ER solution Monitor | () Surface | [g Select Previous [y Deselect
Add/Update [ Rules Geometry |Matenials| Boundary  Initial | Mesh Motion | Solve . Edit Remove @ Scenario Environment
Design Teols Conditions Conditions. Sizing [ Notifications B setect Hia Deselect Al

Materials

The inlet and outlet portions of the model need to have their surface boundary conditions set to

a static pressure of 0 psi gauge.

12. Start the Boundary Conditions tool on the Setup Tasks panel.
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Pressure
Gage / Absolute
Static / Total

0
Gage
Static

Boundary Conditions
Praperty settings
Type Pressure
Unit psi
Time Steady State

@ [ Apply H

Remove | |

Cancel

13. Select the outer surfaces of the outer air volume and set the Pressure to 0 Gage.
14. Select the XZ face of the outer air volume and set the boundary condition to a Velocity
of 35 mph. Be sure to select the face so that the air blows into the open side of the

shelter.

15. Select the left, right and top faces of the outer air volume and apply Slip/Symmetry.

sliprsymmety
pressure
velodity Normal
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Run the Analysis

16. Pick the Solve tool, make sure only Flow is selected, and press the Solve button.

17. Once the analysis has started, and the Results ribbon tab is active, right click on the
overall volume and Hide it.

18. Click again in the same area and turn the display of the other air volume to Outline.

19. Go back to the Solve dialog box and Stop the analysis.

-

e

Solve
Control | Physics | Adaptation

Flow
Compressibility Incompressible
Heat Transfer @]

Turbulence | [ Atvanced | | Solar heating | | Free surface |

@

Solve

Simulation CFD for Newbies

Once one iteration of the analysis has completed, you can start investigating the results. For

the next section you will open a study where the analysis has successfully completed.
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Investigate the Results

Open the Results File

20.

21.

22.
23.

24,
25.
26.
27.

28.
29.

(1) Velocity Magnitude - mph
526

48.2955
45,4545
42,6136
39.7727
36.9318
34.0909
31.25

28.4091
25.5682
227273
19.8864
17.0455
14.2045
11.3636
852273
5.68182

Use the Open command from the Application Menu,
and open the Full Shelter.cfz file. This will bring in
results from a completed analysis.

Select the Results tab, and change the Global results to
Velocity Magnitude.

Right click on the overall volume and Hide it.

Click again in the same area and turn the display of the
other air volume to Outline.

Right click on the color bar and set the Units to mph.
Change the Global Vector: to Velocity Vector.

Select the Planes tool and click the Add button.
Change the display results for the plane to Velocity
Magnitude.

Turn on the display of the Velocity Vectors.

Move and rotate the plane to explore the air flow into the
shelter.

Notice how the air is recirculating around the backside of the
shelter.

Simulation CFD for Newbies

1337

¥ |Global Result: Velocity Magnitude

-

Global Vector: (1) Velocity Vector

A Vector Settings | None

[ ) Velocity Vector

(2) XY Proj. Velocity Vector
(3) XZ Proj. Velocity Vector
(4) YZ Proj. Velocity Vector
(5) Shear Stress (Tau)

(6) Wall Heat Flux

(1) velocity Magritude - mph

Units cm/h

Options.. cm/min
Set to part. cm/s
315 fi/h
28.4091 ft/min
25.5682 fifs
in/h
17.0455 in/min
14,2085 in/s
11.3636 km/h
knots
m/h

0 m/min
m/s

mm/h
mm/min
mmy/s
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Forces on Walls

Simulation CFD for Newbies

Autodesk Simulation CFD 2015 Shelter_1::Design 1:Scenario 1 GLEN s e S
Se LCUVIcl View  Vault  Autodesk 360 Start & Learn  Community  Add-Ins o -
7 [Eg Dynamic Image g @ T Ei [ Status File 100 (Last) -
led static Image = L — (g summaryFile |0 < & [P
Summary = Global Planes Iso Surfaces| Wall Parts |Points | Decision | Report - Calculate
- y e
Image {E’ Animation Calculator] Center | Generator E‘r Setup File = Solve
Image | Results Tasks ~ | Compare ‘ Reporting ‘ Review » ‘ Iteration/Step ‘ Wall -

Design Study Bar * " wall Results E]

~ Note
E@ Design 1

@ Geometry (inch-BTU/s)
4 @ Scenario 1

4 & Material

4 3 Air [Fixed]
(@ 2 Shelter - Air:1
@ 5 Volume
4 & Soil (dry clay) [Fix...
@ 3 Shelter - Gro...
4 4 Boundary Conditions

7 11 Surface
7 13 Surface
9 15 Surface
7 16 Surface
4 4 [Velocity Normall...
7 14 Surface
) Initial Conditions
4 4> Mesh Size (auto)
4 @ Model mesh setti...

30.
31.
32.
33.
34.

4 45 ABS (Polycarbona...
@ 1 Shelter with L...
(@ 4 Shelter with L...

4 4 [Pressure(0 psi Ga...

[

Selection and Result | Output

Model entity selection
@ [ volume © () surface () 7 Edge
w X Ao Group operation: £~
1 -
2 |
3
4 -
[7] Force Ibf =
[T] cutoff pressure 0
[] Pressure psi *
[] Temperature Fahrenheit *
[C] Heat flux BTU/s *
[] Film coefficient BTU/in2/s/R =
Ref. temperature: 537 | [Celsius
Use near-wall temperatures
[] Torque IbfFin =
Torque axis
Point on axis |60, -24, 48
Direction |0,0,1

Start the Wall Calculator tool and set the Model entity selection to Volume.
Hide the two air volumes.
Select the shelter itself.

Click the check box to have Force calculated and click Calculate.
Scroll all the way to the bottom of the calculations and note the components of the forces

on the shelter. (The result should be about 167 Ibf in X, 273 Ib in Y and -1 Ibf. In Z, for a
total force of approximately 320 Ibf.)

(1) Velocity Magnitude - in/s
715146

600 A

Compare Results
35. Use the Open command from the Application Menu, and open the Shelter — Both

Cases_support.cfz file.

WOLL08
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36. Double click on Scenario 1 of Shelter wo Lower Panel.

37. Check the air flow patterns in the same manner as for Design 1. Note the high velocity
area at the ground level opening.

38. Check the wall forces in the same manner as for Design 1. (The result should be about
192 Ibf in X, 318 Ibf in Y and -5 Ibf in Z, for a total force of approximately 371 Ibf.)

i

(1) Velocity Magr
429258
39.7727

Ptude - mph JEEESEE—

WOLLOS,

34,0009

28.4091

227273

17.0455

11.3636

5.68182

0

Notice how the loads are about 10% higher for the revised design.

End of the Wind Loading scenario.
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