FEA Thermal Simulation using Fusion

My pretty FEA results should be worth an art credit.




Today’s lesson is sponsored by Diggerland in West Berlin, NJ

CONSTRUCTION THEME &
WATER PARK

(856) 393-5962
100 Pinedge Drive
West Berlin, NJ 08091

LET THE FUN
START!

Drive, ride and operate real machinery at the ONLY
construction theme & water park in the U.S. Located in West
Berlin, NJ,

BUY YOUR TICKETS!
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Setting Fusion Preferences

X - if this is your first time using Fusion open Preferences by clicking on the

) m top right icon and selecting Perferences

Autodesk Account

Preferences
Wy Profile
ECQ Share Feedback

@ Sign Out

- inthe General section select Fusion Classic for the Theme and Z up for Default modelling orientation

ﬂ Preferences

Preferences controlling general Ul behavior

l > General |

Material - — User language English | English w
> Graphics If Fusion Classic is no longer an

Network . . . . Theme Fusion Classic v

Data Collection and Use option, this setting can be skipped. —

. . graphlcs driver Auto-select 4

> Unit and Value Display
> Default Units Ofine cache time period (days) 15 S

Preview Features . _ =

Compatibility & Troubleshooting Customize My Fusion page Design v

Default design type  Design
Show Home tab at startup [
Create new shortcuts when updating Fusion ]
Automatic version on close [_]

Automatic recovery backup interval (minutes) 5

4|

[ Default modeling orientation 7 up

- in the Default Units section select Design and change the Default units to in and Mass to ouncemass
- click the bottom right Apply button and then the OK button

E Preferences

> General Preferences that sets default units used in new documents
Tokens & Cloud Credits
Material | Default units for new design  in ] v
> Graphics
Netwark Length in

Data Collection and Use

> Unit and Value Displa [Mass ouncemass l
~ Default Units
Design

Manuftacture
Simulation and Generative Design

= O % - click on the x to close the project, which will start a new

project. This is done to allow new Preferences to be applied
A
) * Ce1s0 ! to the new proiect.




Starting a Design in Fusion

- open Fusion. Ifthere is no icon on the Desktop, use the Windows search (magnifying glass icon) and type fusion
- from top File icon select Save and name the file.
Use your name followed by _ FEA-Mug e.g. JoeBarbetta_FEA-Mug (note the use of the underscore)

-inthe left "BROWSER" click the arrow next to Document Settings
- click on the editicon that appears tg

e left when you hover over Units

- ensure Active Unit§ are set to Uni#s: in, ouncemass and click OK. You can also enable Set as Default if it is not grayed

out.
SURFACE MESH SHEET METAL PLASTH
[ a— 0O— a
o AEREE BOIP T
Al —n ¢
CREATE~ MODIFY »
-
| +4 BROWSER e @ CHANGEACTIVE UNITS

FIRcY @ JoeBarbetta FEA-Mug vl U] Unit System inch (in), ouncema... =

a4 $¥ Document Settings
[ Units: in, ouncemass .4

o | Change Active Units

b <> @l Orgin 4

Cancel




Creating the Profile Sketch for the Mug

- right-click on the project name and select New Component

sbuo SURFACE MESH SHEET METAL PLAST
== == O—m
DESIGN v | ix -, | L 'L.'
— L% ﬂ E—N |
CREATE ¥ MODIFY *
« BROWSER e

FRR oM W  JoeBarbetta FEA-Mug v1

®

| ¥} New Component

b %F Document Settings

B Named Views =' Create D-— - _
= B Creates a new internal or external component

b <& @l Orgin [§] Creale S in the assembly.

- name the component Mug and click OK

@ NEW COMPONENT

Type u ~ &

External/internal  ¢47 u

Name Mug

From Bodies O

Parent k. 1 selected
Name JoeBarbettaFEA-Mug v1
Activate ¥

(i ) oK Cancel




- select the top Create Sketch tool and click on the front rhombus to select the X-Z Plane.
If the Create Sketch too an’t be found, find it within the CREATE menu.

SURFACE MESH PLASTIC MANAGE uTILI
DESIGN ~ @—i hﬂ [i D - j ‘- HEE [
CREATE v ASSEMBLE v c

«« BROWSER e

PR & Jocsarmetia FeA-ug vi [0

> £F Document Settings

— \

> B8 Named Views ey
— \\
- & @l Origin \\\
\\
‘\\
\\._
\\‘\, T
\\
\\\ )
Select a plane or planar face
\\ ny

The View Cube at the top right text should show “FRONT”. If it does not, then redo the Create Sketch and ensure the
correct rhombus is selected.
- click on the arrow next to the Component Name and then next t0
- right-click on tjie Sketch and select Rename and rename it MugProfile.

etches folder to view any sketches

SOLID SURFACE MESH SHEET METAL

OONAN T YEN

CREATE MODIFY ~ FRONT

P

DESIGN

JoeBarbefta FEA-Mug v1
Document $ettings

Named Views

Bl Crigin

d © [l Skeiches

@ 4 MugProfile




- from the MODIFY menu select Change Parameters

SOLID SURFACE
DESIGN ~
CREATE *
«« BROWSER
4 © [L JoeBarbetta FEA-Mug v1

£¥ Document Settings
B Named Views
& @l Origin

o El5E ®
P & @l Orgin
4 @ [l Skeiches

| VA v v v

® 4 MugProfile

- clickthe +icon

MESH

DSO@Q NN ([

SHEET METAL P

Fillet

Chamfer [ ]
-/ Blend curve
T Offset

3, Trim T

_=+| Extend

- | Sketch Scale
<} Move/Copy M

|- Break

fx Change Paramefers  +

PARAMETERS
fr By Filter all parameters -+ S B & Automatic Compute
Add User Parameter
Parameter MName Unit  Lets you create a new User Parameter from scratch.
Favorites
_fT User Param...
D Model Para...

- for the Name enter MugDiameter and for the Expression enter 3.35 and click OK

| Add User Parameter

Name MugDiameter

Unit in

Expression 3.35

Value 3.35

Enter Comment

Comment

o oK

Cancel

Note that Fusion calls the entry box
Expression and below it shows a Value.

One can enter an equation based on other
Parameters and the resultant Value is
calculated.




- continue using the + icon to enter MugRadius and the other values as shown. Note that MugRadius has an
equation based on the first parameter divided by 2.

- click OK after all have been entered

PARAMETERS X
ﬁ:‘ fr; +w Filter all parameters + S B @ Automatic Compute
Parameter Mame Unit Expression Value

Favorites

~ _f?.‘ User Parameters

<7 User Parameter MugDiameter n 3.351n 3.35
<% User Parameter  MugRadius n MugDiameter / 2 1.675
+s User Parameter MugWallThickness in 0.211in 0.21
%f User Parameter MugHeight in 4351in 435
=5 User Parameter MuglInsideDepth in 4.021n 4.02
="~ User Parameter HandleBottomOffset in 0.781n 0.78
5 User Parameter HandleHeight n 2.791n 2.79
+f User Parameter HandleExtendDistance  in 1291n 1.29
<f User Parameter HandleThickness n 0.331n 0.33
<'s User Parameter  HandleWidth in 0.61n 0.60

D Model Parameters




- if you enjoyed entering all these parameters, close your project without saving and enter them again

- click on the arrows indicated to hide the BROWSER. It can be reopened at any time using the same arrows.

SOLID SURFACE

DES)EN ~ D) D @ ('\_;
CREATE

“ PROWSER °

4 ©® [ JoeBarbetta FEA-Mug v1
£+ Document Settings

Bl Named Views

& @l Origin

o FlT ©

b < @l oOrigin

4 @ gl Skeiches

RV 7

© 4 MugProfile

- turn the Mouse wheel to zoom and hold the mouse wheel down to pan to achieve a view as below
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CREATE~ MODIFY » CONSTRAINTS CONFIGURE *

L3 @ SKETCH PALETTE
¥ Options
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0

Look At

BROWSER

Sketch Grid
Snap

Slice
Profile

Points

COMMENTS

Dimensions
Constraints
Projected Geometries

Construction Geometries
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3D Sketch
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Finish Sketch



- select the Line tool (if it is not visible find it in the CREATE menu) and click on the Origin to start the line

- click on the Construction line icon to highlight it blue

- click on the Origin to start the [i extend the line to the right, type m, which should show a parameter list,
use an arrow key to select MugRadius;

d press the Enter key. Do not click Finish Sketch.

SOLID SURFACE MES! SHEET METAL PLASTIC MANAGE UTILITIES
DESIGN ~ 1 N 4 & ‘ L ‘
B \— @ ( ~ AB | 7 | "—'|+
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¥ Options
Line £
[ Wpe E [
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= Look At =]
o
&
= Sketch Grid ¥
Snap ¥
" Slice O
=
L Profile
= ¥
E -
S Points ¥
Dimensions ¥
O rl gl N Constraints %]
o Projected Geometries ¥
r?j Construction G
s S S S S— onstruction G ¢ geq 7
Finish Sketch
MugDiameter 3.35 in
MugHeight 4.35 in
MuglnsideDepth 4.02 in Wy Q Q-8 E- B
MugRadius 1.675 in
1L . | S -l It T hAviVAallThirlnace 21 in

The resulting line should look like that below.
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MugRadius
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- click on the Construction line icon to remove the blue highlighting
- use the Line tool and start a line at the end of the bottom line and upward using the MugHeight parameter
- drag the Dimension over to the left of the line just created

L ©® SKETCHPALETTE

¥ Options

Linetype

mx

Look At

EROWSER

Sketch Grid

Snap

Frome

4 .
X MugHeight
B

Points

COMMENTS

Dimensions

Constraints

L Projected Geometries
N

25

Construction Geometries

0 8 R A @ 8 OB @

3D Sketch

fx: 1.675 Finish Sketch

- from the top of the vertical line, create a line extended to the left using MugWallThickness, and then
another line extended downward using MuginsideDepth
- create a line from that last point and over to the left to the axis

f“JmA/MquallThlckness

¥ Options

s Linetype

Look At

m

BROWSER

Sketch Grid
MuglnsideDepth ~ =

Slice

Profile

fx: 4.02
GEP M

Points

COMMENTS

Dimensions
Constraints

Projected Geometries

-25

Construction Geometries

0 A 8 R OO @

3D Sketch

fx: 1.675 Finish Sketch




-zoom in to the bottom of the sketch

- click on the Construction line icon to highlight it blue
- start a line from the origin an
selecting a parameter.

0.17. Here this value is being typed into the dimension box instead of

- from that point create a line to the left using 0.20

L @ SKETCH PALETTE

¥ Options

Linetype

Look At

EROWSER

Sketch Grid

0.20

Snap

Slice

Profile

Points

COMMENTS

Dimensions

S 888068 o

Constraints

- click on the Construction line icon to remove the blue highlighting

-yell “l am tired of clicking that on and off!”

- from the bottom right corner create a line extended to the left using 0.19 and then another line upward
using 0.04
- create a line connecting the two points indicated by the arrows

|
@ SKETCH PALETTE

¥ Options

Linetype

l'_J'

Look At

[

EROWSER

Sketch Grid

0.20
/ Snap
i
R /

Slice

Profile

¥00

COMMENTS

Points

0.19

Dimensions

Constraints

T G G T 0 T I




- from the CREATE menu select Arc and Tangent Arc

SOLID SURFACE MESH SHEET METAL

DESIGN ~ D) D @ ('\_; AR |/—_ _%; @
MODIFY ~

- .2 Line L
Rectangle [ 4
Circle |4
Arc p| 7 3-PointArc
o Polygon P " Center Point Arc
% 7 Ellipse ~™, Tangent Arc H
2 . .

- start the arc from the point indicated on the left to that indicated on the right, which should resultin the
closed section turning light blue

The purpose of the 0.20 length line on the left was just to provide a line for the Tangent Arc to be tangent from.
A length of 0.20 was arbitrary for this line.

|
L © SKETCH PALETTE

¥ Feature Options

Arc '

w Options

BROWSER

Linetype

Look At

[

Sketch Grid

snap

COMMENTS

Slice

Profile

IS 8 08 @

Points



-zoom out to see the entire sketch. The positions of the Dimension lines are not important, but they can be
dragged to make them easier to see.
-yell “That’s a beautiful sketch!” and click the Finish Sketch button

123
-y X021 @ SKETCH PALETTE

¥ Options

Linetype

Look At

EROWSER

Sketch Grid
Snap
Slice

Profile

COMMENTS
fx: 4.02
GEY ‘X

Paoints

Dimensions
Constraints

Projected Geometries

Construction Geometries

O 8 e O0OB8 B8

3D Sketch

Finish Sketch

This is what it should look like with the BROSWER open.

+1 BROWSER =
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£+ Document Settings

pl  Named Views

&> pll Orgin

o ElTEE ©

b & pll Orngin

4 © gl Sketches

7 =7 ISP
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- click on the Home icon at the View Cube
- select the Revolve tool. Ifitis notvisible find it in the CREATE menu.
Normally one would click on the blue profile region, but since this is the only profile now, it does so

automatically.
- click on Select for Axis and click on the vertical axis line
SHEET METAL PLASTIC MANAGE UTILITIE

SOLID SURFACE MESH
= O—a :
- OO FOP B8 C
= + —4 u—a £ a’ E E g
CREATE™ MODIFY v ASSEMBLE v con
<+« BROWSER e \
4 ©® (L JoeBarbetta FEA-Mug v2
© REVOLVE
D $F Document Settings
- Profile 1selected | X
D @@ Named Views [k
D & @l Origin Axis | x Select l
« © FIlTTEA ® ProjectAxis [
D- <& Ml Origin
- 8 Operation (. New Body v
4 © J, Sketches,,
(i ] Cancel

o uorone

Select the axis to revolve the profile around

- zoom out to see the full mug body and yell “That was neat!” and click OK

<« BROWSER
© REVOLVE

4 ©® (L JoeBarbetta FEA-Mug v2
Profile I 1selected X

D ¥ Document Settings
D @l Named Views Axis k 1selected [EBS
D g, ongi
2., Ongin, ProjectAxis (&)
« o ENTTE ©
= nt T < Partial
> & Ml Origin Extent Type <r Partia v
4 © 3, S, hngee i
© MugProfile Direction / One Side v
Operation (. New Body -

(i ] OK Cancel




Creating the Handle Sketch

- click on the arrow to open the Bodies folder and click on the eye icon to hide the mug body

- select Create Sketch and click on the profile

SURFACE ESH SHEET METAL PLASTIC
DESIGN v
@l FOP T
CREATE ¥ MODIFY ¥
<«« BROWSER e \

4 © [ [JoeBarbetta FEA-Mug v2
ﬁ Document Settings

h © < <

& @Ml Origin Select the geometry or profile

a4 |® i sodies
& |) Body1
4 © @l Sketches

© MugProfile 8
- ‘(‘)

- rename this Sketch to HandlePath and click on the eye icon for MugProfile to make it visible

+ BROWSER e 4
4 © (5 JoeBarbetta FEA-Mug v2
> £F Document Settings
> Bl Named Views
b <& mll Origin
« o ENTEH®
> <& @l Origin
4 @ gl Bodies
& [ Bodgyt
4 © B, Skeiches,,
@ |4 MugProfile

B Handiepatn |




- click on the eye icon for MugProfile to hide it

- click on the Construction line icon to highlight it blue. Yell “Here we go again!”

- from the Origi to the right using MugRadius, then a line upward using
HandleBottomOffset, and then another line U using HandleHeight / 2

create a line ex

#+4 BROWSER = @ SKETCH PALETTE
4 © [ JoeBarbetta FEA-Mugv2 ()
D £F Docunent Settings Lizins !
b Bl Namgd Views
e Look At
I <& @l [origin
“a o ® Sketch Grid ]
& Origin snap &3]
4 © Bodies Slice D
(] Body1 *—T
| Profile ¥
4 ® Sketches | b=
- T 5 J; ™ .
& 4 MugProfile \ ] = /HandleHelght 2
- |
© | g HandlePath | g Dimensions ]
|
: Constraints ]
. EEE}
MugRadius s Geometries (4
g | B/HandleOffset
i ld nld I g Construction Geometries ()
[ o - — Q |
! 1 ! ! I 1T
3D Sketch O

Finish Sketch

- from the CREATE menu select Ellipse

SOLID SURFACE MESH SHEET METAL Pl
DESIGN ~ D | @ l('\_)l AB If %} (— ,f(\/f
MODIFY =
oLl L
«« BROWSER e
Rectangle 13
4 © Uj JoeBa circle >
[ -ﬁ Documeg Arc »
[> @M Named Polygon 4
b & il © LR ] :
Slot »
4
oENT .. >
r & M /™ Conic Curve
4 © M | 1 Point
& L ATE)ﬂ ’_._._.__
A ©ia /], Mirror :
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© | Project / Include 4 : §
| Sketch Dimension D I
|
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> 1=
10 0 0 ! 2
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- click at the top of the line to start the ellipse and extend it out to the left by any amount and click

«« BROWSER

4 ©® [ JoeBarbetta FEA-MQ

b %F Document Settings
B Named Views ]
b < @l Orgin 1 L
2.750 in ]
« o ElTEN® \
b <& @l Ongin
4 @ gl Bodies .¥
& [J Boay1 H+- SESEmEE smmm sEmEEmmmE
— [ J
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== A vy /
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180.0deg —T
S
o 10 10 | 2
Gl (2] b — Q ) e ! co

- extend the ellispse up by any amount and click, which should result in an ellipse comprised of a dashed
orange line. Itis difficult to select parameter values when creating an ellipse. This will be done later.

«« BROWSER e
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£+ Document Settings
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-from the CREATE menu select Sketch Dimension
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CREATE ~ MODIFY ¥ C
+ BROWSER - Line -
Rectangle [ 3
4 © [ JoeBY e »
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O I Project / Include » §
| Sketch Dimension D @

- click on the vertical axis of the ellipse

- extend the dimensiox out to the right, type h, and select HandleHeight

-0.5

SKetch Gna

Snap

Slice

Profile

Points

| Dimensions

HandleExtendDistance 1.29 in

HandleBottomOffset 0.78 in

. HandleHeight 2.79 in

HandleThickness 0.33 in Value: 2.79 in

HandleWidth 0.60 in Expression: 2.79

in

MugHeight 4.35 in
MugWallThickness 0.27 in
MuglnsideDepth 4.02 in




- click on the horizontal axis of the ellipse
- extend the dimensipn upward, type h, select HandleExtendDistance, and type * 2 after it

tendDistance * 2|

——
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Y
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This should be the result of this sketch.
- click Finish Sketch
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Creating the Handle Profile Sketch

- click on the Home icon at the View Cube to achieve the view similar to that below
- from the CONSTRUCT menu near the top right select Plane at Angle
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- click on the line indicated by the arrow and click OK
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- select Create Sketch and click on the orange Construction Plane that was just created
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- ensure the eye icon is enabled for the HandlePath sketch
-zoom in to thi line as shown below, which is actually the outline of the ellipse as viewed from the top
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- from the CREATE menu select Project / Include and Project
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- move the mouse over the right endpoint of the line, which should result in a red circle

- click on the point and click OK
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- from the CREATE menu select Center Rectangle
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- ensure that the Construction icon is not highlighted
- click on the point that wasijust created and extend the rectangle down and to the right
- type h, use the\down arrow key teselect HandleWidth, and press the Enter key
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HandleThickness 0.33 in
HandleWidth 0.60 in | Profile @
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- press the Tab key to switch to the top dimension
- type h, use the down arrow key to select HandleThickness, and press the Enter key twice
The result is shown on the next picture.
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- click Finish Sketch

- click on the Home icon at the View Cube
- from the CREATE menu select Sweep
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- click on the rectangle
- click on Select for Path and click on the ellipse, which should result in a full gray ring
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We don’t want the handle to also be in the mug, so we will limit its distance.

- set both Distance values to 0.26 and click OK
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- click on the eye icon for the 1st Body to make the mug body visible
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Cancel

- select the Combine tool. Ifitis notvisible find it in the MODIFY menu.
- click on the mug body and then the handle, which should turn each blue
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- from the MODIFY menu select Fillet

- click on the 4 edges as indicated by the arrows

- inthe value box type 0.4 * h and then select HandleThickness. An error may show at first, until the full
expression is entered.

- click OK
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- select the Fillet tool again and click on the interface of the top and bottom handle ends and the mug
- enter 0.125 and click OK
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- select the Fillet tool again and click on the top 2 edges of the mug, enter 0.05, and click OK
q
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- adjust the view to access the inside of the mug
- select the Fillet tool again and click on the bottom inner edge of the mug, enter 0.1, and click OK
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- adjust the view to access the bottom of the mug
- select the Fillet tool one more time and click on the bottom rim region, enter 0.02, and click OK
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This is the result of the bottom fillets.
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- return to the Home view and admire your mug
-

<4« BROWSER e
=
4 ©® [5 JoeBarbetta FEA-Mug v4
> £ Docum/ent Settings
D_mll i Named Views
% & @M Origin
« o FETEE®
D <& [l Origin
4 © gl Bodies
s
4 @& gl Skefches
R I__ﬂ' MugProfile
& 4 HandlePath
& [°4 HandieProfile
D & @l Construction




Setting the material

- right-click on the Component name and select Physical Material
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- click on the Ceramic folder to open it and scroll down to Porcelain
- drag the Porcelain icon unto the mug and click Close
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Adding Water

- click on the circle for the design to activate the entire design
- right-click on the projectwame and select New Component
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- change the Name to Liquid and click OK
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- adjust the view to access the inside of the mug
- select Create Sketch and click on the inner bottom surface
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-zoom in to the Sketch as shown below
- from the CREATE menu select Project / Include and Project and click on the circle edge indicated

- click OK
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- from the MODIFY menu select
Change Parameters

|
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- clickthe +icon

- set the Name to LiquidLevel and
the Expression to 3.5

- click OK

- click OK at the bottom of the
Parameters window




- adjust the view to access the inner bottom surface
- click on the eye icon for the Mug to hide it
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- select the Extrude tool. Ifitis notvisible find itin the CREATE menu.
- click on the inner circle and the outer ring to highlight them blue
- in the Distance box type l and seleect LiquidLevel and click OK
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- select the Fillet tool and select the bottom edge

- enter 0.1 and click OK
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- right-click on the Liquid Component Name and select Physical Material
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- scroll down and click on the Liquid folder and drag the Water icon onto the cylinder and click Close
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- click on the eye icon for the Mug Component to make the mug visible again

<« BROWSER

4 © [ [JoeBarbetta FEA-Mug v4
D ¥ /Document Settings

D> Named Views
D Bl Origin
a E ’l’j Mug:1

D& M Origin

4 © gl Bodies
@ (] Body1

4 © @l Sketches

"4 MugProfile
& 4 Handlepath
& 4 HandieProfile
> @ @l Construction

bSOl @ Liquid:1 {O




Performing a Thermal Simulation

- change the Workspace from DESIGN to SIMULATION

SOLID SURFACE MESH SHEET METAL PLASTIC MANAG
DESIGN ~ A -T ‘I
.'_ / “O ‘ ._- E
CREATE ¥ MODIFY v ASSEMBLE v
DESIGN
< @
GENERATIVE DESIGN @
RENDER s
ANIMATION
SIMULATION Simulation Workspace
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- marvel at all the simulations that are available
- select Thermal and click Create Study
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Setting a Thermal Load for Applied Temperature

- right-click on Mesh and select Generate Mesh and wait a few seconds
- when the mesh shows, click on the eye icon to hide the Mesh

P
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Computes a mesh for your simulation model
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- from the LOADS menu select Thermal Loads
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- change the Type to Applied Temperature and click on the Bodies icon for Object Type

- click on the top surface of the liquid, which should extend theflwindow to show a
- enter 90 C for the Temperature Value and click OK
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Setting a Thermal Load for Convection

- from the LOADS menu select Thermal Loads again and then for Type select Convection
=
CONTACTS @ THERMAL LOADS

A2 Thermal Loads

Select all faces !

¥ Geometries

Selections Selections A
¥ Load
Type &3 Convection -

e © i ==

- click the arrow to open the Model Components folder and then click on the eye icon for the Liquid to hide it
- inthe top Geometries section, click on the Select all faces icon to highlight it blue

- set the Convection Value to 7.5 W/(m”2 K) and the Ambient Temperatureto 25 C
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At this point all of the surfaces of the mug are set as “active” heat loss surfaces. Of course, the inner surface is
covered by water, and the bottom surface doesn’t have any air flow and thus these surfaces do not contribute
to convective cooling.

- adjust the view to look into the mug to access the bottom and inner walls
- inthe top Geometries section, click on the Select all faces icon to remove its highlighting
- click on the inner bottom surface, the inner wall, and the fillet between them, which should remove the

blue highlighting from|these surfaces
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- adjust the view to access the bottom of the mug and click on the bottom and outer ring surfaces to remove
their highlighting and click OK
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- from the LOADS menu select Thermal Loads again and then for Type select Radiation

- e
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Setting a Load for Radiation

- inthe top Geometries section, click on the Select all faces icon to highlight it blue

Select all faces

Selections

v Load
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0.92
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OK
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As we did for the Convection Load, we want to deactivate the inner and bottom surfaces that will not
contribute to the radiation cooling.

- adjust the view to look into the mug to access the bottom and inner walls

- inthe top Geometries section, click on the Select all faces icon to remove its highlighting
- click on the inner bottom surface, the inner wa

blue highlighting fromithese surfaces

and the fillet between them, which should remove the

¥ GeomeXies
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Temperature Val... 25.00C
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- adjust the view to access the bottom of the mug and click on the bottom and outer ring surfaces to remove
their highlighting and click OK
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Editing and Viewing Thermal Loads

- click on the arrows to open the Study, Load Case, and Loads

-when hovering pver the end of a load, one can click the pencil icon to revisit the settings for thst load

- one can also qglick on the Check boxes to disable a load. For now keep all checked. Later on, one may wish to
turn off a load./ For example, turning off radiation to determine its contribution to cooling.
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- from the MANAGE menu, select Load Case Attributes to open its window
- note the various loads and their values and click Close
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Running the Simulation

- right-click on the Study name and select Solve
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Solves the simulation using the study setup
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- click on the bottom Solve 1 Study. A simulation like this typically completes in about 2 minutes.
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This screen will open to report the progress of the solve.

FEA simulations are computationally intensive and your project is sent to Autodesk servers in the “cloud”. The
number crunching is performed on their servers.

- when the simulation is finsihed, click Close

Job Status X
Data Simulations Generative Designs Drawing Automation Project Transfer
hd ,@, Study 1 - Thermal JoeBar.. EA-Mug  Simulation Model 1 | 5% Cancel
Sending Complete
Solving... | 1%
Close

- when this message shows, click on the X to close it. Sometimes clicking on View Results does nothing

[ ()  Job Succeeded X T
- Study: Study 1 - Thermal in k
Document: JoeBarbetta_FEA- SELECT ~
Mug has finished successfully.

View Results

- click on the RESULTS icon and wait for the animation, shown on the right, to complete

9] & e = [N

SOLVE™ ANSYS v RESULTS v INSPECT » SELECT

Fetching your results...

This may take a few moments.



Adding Thermal Probes
- from the INSPECT menu select Min/Max Probes

RESULTS

SIMULATION ~ ] N N ‘
O T == JAuN
STUDYY  COMPARE~  DISPLAY v MANAGE v INSPECT

=% Min/Max Probes
&J Point Probes

N J surface Probes

'.“p'] Cutting Planes

BROWSER

2l 1 sitation ocel 1 0

D @@ Model Components

PR ~ | Study1- Thermal

> o CIEEEE ©

A ; Results

e rrrrrra

Temperature

- from the INSPECT menu select Point Probes

RESULTS
SIMULATION ~ + l
STUDY ~ COMPARE * DISPLAY ~ MANAGE v

B¥ Min/Max Probes
) Point Probes :
) surtace Probes

@) Cutting Pianes

BROWSER
VB fs Simuiation Model 1 ()
D [ Model Components

PR - | Study1-Thermal

- click anywhere on the top rim of the mug and click OK on the EDIT POINT PROBE window. The temperature
and Distance values will be different and the Distance values do no need to be changed.

DRoIERR EDIT POINT PROBE
A " Simulation Model 1 @ 60.569°C el T .
selecte:
D @ Model Components (x:=0.386 y:-1,568 2:4.35)

4 EREETTIE

> o CHEEDE ©

X Distance -0.386in

Y Distance -1.568 in

A ,,%?S,lflis, : Z Distance 435in
Temperature
D HeatFlux (7] OK Cancel




- create another Point Probe somewhere on the side of the mug

Below is the result of the simulation and the probes. This screenshot has been edited to bring the scale closer

to the mug.
Wt = Ed &
= 3 () a e
DISPLAY ¥ MANAGE v INSPECT ¥ 2DPLOTS = REPORT ¥ FINISH RESULTS ¥

£+ Temperature (°C)

60.569°C - Max=90 )0"'( -
S0.00 Max

78.481
—_le— 32.404°(
(x:3.091 y:-0.261 2:2.175) 66.962
55.443
80.074°C i
(x:=0.131 y:-l.“9 112.269) 43.923

£¥ | Temperature (°F)

141.024°F Max=194,00° F Max
(x:-0.386 y:~1.568 2:4.35) (x:1.465 y:1.794E-16 2:3.83) This is result after
clicking on the gear

icon and selecting F.

173.266

Min=90.328°F

(%:3.091 v:-0.261 2:2.175) 152,531
131.797
176.134°F
| (x:-0.131y:-1,669 2:2.269) : 111.062
. y 90.328 D Min




Changing Study Materials

- click on Finish Results at the top right of the Fusion screen

i o

SOLVER DATA REPORT ~ FINISH RESULTS *

- click on the arrow for Study Materials and then hover over Study Materials and click the Pencilicon

«« BROWSER

4 5= Simulations
L1 Units: Custom
PIPNIFs  simuiaton voce! 1 o
D> @l Named Views
D & @l Origin
4 @ Model Components
b ® (J Mug1
b ® (J Liquid:1
a ®
@e
© G

& water

4

)

- click on the Properties > > button to open the Material properties of the material
- click on the Mug material and click on the arrow icon for the pull-down menu
- scroll down and select Copper

@ STUDY MATERIALS

View All Materials v | Search.. Material Porcelain
Component Path Study Material Category Design I\A Density 1.965 ouncemass / in*3
Mug:1 (Same as Model) _v eramic Porcelain Young's Modulus 0.00 ksi
- Brass P

Liquid :1 —1 Liquid Water f f .
Brass, Soft Yellow Poisson’s Ratio 0.00
Brass, Soft Yellow, Welded Yield Strength 0.00 ksi
Bronze . . .
Bronze, Architectural I Ultimate Tensile Strength 0.00 ksi
Bronze, Cast Thermal Conductivity 0.053W /(in C)
Bronze, Soft Tin
CFRP Thermal Expansion Coefficient 0.00/C
Canvas Specific Heat 21.347 1 / (ouncemass ()
Carpet
A Cherry
~Lobalt Chrome

| ﬁCopper |
Material Library All Librarie COpper - HIgh-Strength ANy

Copper - Pure (Low-Strength)

o Copper, Alloy oK
Copper, Cast

Cancel



- click on (Same as Model) and then click on Copper to force the Material properties to update.

The Thermal Conductivity shows as 10.185 W/(in*C) vs 0.053 W/(in*C) for Porcelain. Fusion is using units
that are a mix of metric and inches. By multiplying by 39.37 in/m, inches are cancelled out (make the light
saber sound) and the results are 401 W/(m*C) for copper and 2.09 W/(m*C) for Porcelain. Note thatis
common to see units as W/(m*K). Because thermal conductivity is based on a temperature difference C
(Celcius) and K (Kelvin) are interchangable. This is not true for other uses of temperature. For example,
when using the Ideal Gas Equation P*V =n * R * T, one must ensure the units for T are Absolute Temperature

and thus K must be used.

- click OK
@ STUDY MATERIALS
View All Materials ~ | Search... Material Copper
Component Path Study Material Category Design M Density 5.168 ouncemass / in"3
R N st el Young's Modulus 17041.934 ksi
Liquid :1 (Same as Model) Liquid Water Poisson’s Ratio 0.345
Yield Strength 4.83 ksi
Ultimate Tensile Strength 30.458 ksi
Only Thermal Conductivity for this simulation /lr Thermal Conductivity 10.185 W / (in ©)
because it is a static study, which means that the Thermal Expansion Coefficient 1.670E-05 / C
temperatures are not changing over time. 4 )
LSpecn"lc Heat 12.757 J / (ouncemass C)

A dynamic study could use Specific Heat.

A Thermal Stress simulation would use the
= Thermal Expansion Coefficient.

Mater[aT CIOTaTY | AT CIoTaTes Properties ==

OK Cancel

Note that Copper now shows as a study material.

<« BROWSER )

4 = Simulations

L1 Units: Custom
I Q) fis__ simulation Model 1 _{U
> @8 Named Views
D & Ml Origin
4 @8 Model Components
b @ [ Mug1
D ®© [J Liquid:1
PN § suoy 1 - hemar ()

4 © & Study Materials

& water




The minimum temperature, which is at the middle of the handle, is now 100 F higher with a copper mug. The
handle temperature was 90.3 F with a porcelain mug. Here is is 190.6 F with a copper mug.

Note that the colors my be deceiving. Dark blue represents the coolest temperature of the study and Not

ambient temperature. The blue 190 F temperature is only 4 F cooler than the 194 F water temperature. Itis still

hot.

Min=190.62°F
M (x:3.076 v:0.261 2:2.394)

191.906°F
(x:=0.131 y:~1.669 2:2.269)

192.004°F Max=194.00°F

s ve o . (%:1,465 y:1.794E-16 2:3.83)
— (1.%0.336 y:=1.568 2:4.35) 3 oxld

T D. Max

170.60

190.768°F

14720

193.857°F
(x:-0.131 y:~1.669 2:2.269) 123.80

100.40

Min=77.00°F

(oo [ e

(x:-2.00 y:~2.00 2:-0.10)

£+ Temperature (°F)

.> 3

193.324
192.648

191.972

191.296

; ﬁ Temperature (°F)

This is an example where a plate
was added to the simulation to “fix”
the desireed low temperature. Itis
not in thermal contact with the
mug and had an Applied
Temperature of 25 C (77 F) set.

The problem with this coloring is
that one cannot discern the lower
temperature of the handle by its
color.

This does not need to be done for
the assignment.




One can make the “cold plate” method better by clicking on the gear icon for Temperature and checking the
Show Threshold Slider option. The slider that appears at the bottom right of the temperature scale can be
dragged upward to achieve the desired coloration. In this case it was dragged to a point to see some color
variation.

This does not need to be done for the assignment.

192.004°F Max=194.00°F

o (x:-0.386 y:-1.568 2:4.35) b (:1.465 y:1.794E-16 2:3.83)

T B |

ﬁ Temperature (°F)

170.60 ‘

190.768°F

14720
193.857°F
(x:-0.131 y:-1,669 2:2.269) 123.80
100,40~

Min=77.00°f

(x:-2.00 y:~2.00 z:-0.10) 77.00 |:> Min



Thermal Circuit Analysis

This illustrates heat flowing throught
the wall of the mug.

Note that there is a temperature
gradient through the wall and in the
air at the wall surface.

bt
T Tw Ta

Equivalent circuit to calculate Tw and Q

-I— W L = l[emperature of Liquid
AAN I L
| W

Tw = Temperature of Wall (Outer)
. Ta = Ambient Temperature
Q RC Rw = Thermal Resistance of Wall
Bc = Thermal Resistance of Convection

Q = HeatFlow
Ta

Ohmelli’s law Thermelli’s law

V=1R AT=QR



Note that the Thermal Conductivity value shown by Fusion is a mix of metric and English units. Here is the
value after converting inches to meters to see the full metric value to compare to values published on-line. We
will continue to use the inches value in our calculations because all inch units will cancel out.

But, isn’t that dangerous? Didn't a metric English unit misup cause the $100 million Mars Climate Orbiter to
burn up in the Martian atmosphere in 1999? Dude, This is just class assighment.
k=0.053 w L in 2.09 w
inC 0.0254m mcC

Calculations for Rw (Thermal Resistance of Mug Wall):
MuglD = MugDiameter — 2 - MugWallThickness
MugID = 3.25in — 2 - 0.21in = 2.83in

Aipner =T - MuglD - LiquidLevel
Aipner =T + 2.83in - 3.5in =31.1in"

L MugWallThickness

R, = —
v k A kAinner
P 0.21 in 0.127 C
W = = . _—
0.053 2 31.1 in2 w
inC

Calculations for Rc (Thermal Resistance of Convection):
Aouter =T - MugDiameter - MugHeight
Aputer =T - 3.35in - 4.35 in = 45.8 in”

~J
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(@]
)
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Calculations for Tw (Mug Wall Temperature):

. TL - TA using Thermelli’s law to
Q= determine heat flow
Rw Ry + R

T —W\—aeTw

: 90°C — 25°C
Q= c F=13.7W
. 0.222>+4.51
Q RC W W
A using Thermelli’s law to
T Ty = Q- Rc + Ty determine Wall Temperature
A

C
Ty = 13.7W~4.51W+25°C=86.8°C

When we performed the simulation with only
convectional cooling (radiational cooling turned off) the
mug wall temperature was pretty close to our calcuation.

85.74°C

Isn’t that neat!



Calculations for Th (Mug Handle Temperature):

Below is a section cut from the mug showing the liquid, wall thickness, and half of the handle. We want to
determine the temperature at the end of the handle section, which we can compare to the Tmin of our
simulation.

HandleExtendDistance * 2

fx: 2.58
T T] s
il | T
rd | ™ “
i | \
Vi | 5

:{, : \ -
/ I \ )
/ | . s
| | ! 9" o
ESESNEESES g LT RS

| | =
\ I-I [{e] I
= I.ll 9.
\.\ - s l.ur m
A\ 1 / 25
hY [9%] )/' ~+

N o,
N a
AN -
— T 1 ; F__ -

The handle was defined as an ellipse, as shown in the sketch that defines it. An ellipse was used so an Extend
Distance and a Handle Height can have distinct values. The Handle Length (HL) shown is 1/4™" of the ellipse.
All we need to do is find the perimeter of the ellipse and divide by 4.

What the sigma! There is no formula for the perimeter of an ellipse?

The perimeter can be derived as in integral form, butitis an integral that cannot be solved. One has to resort to
methods to determine an approximation.

It can be defined by an infinate series.

(2nD?2  e?n

n-n)* 2n—1
n=1

P=2an|1—

Which can be expanded, as shown below. The first 8 terms are shown. What is nice with an expansion, is the
fact that one can keep adding terms and looking at the difference between the last and previus result. If the

different is within the accuracy one desires, the additions can be stopped. You can be happy by using the first
4 terms.

P 1+h+h2 N h3 N 25h* N 49h> +441h6+1089h7
m(a+b) ~ 4 64 256 16384 65536 220 222

a = HandleExtendDistance

h = (a—b)*/(a+ b)? b = HandleHeight / 2



Next the cross-sectional area of the handle needs to be calculated. It was defined with the below sketch.

HandleWidth * 0.4
@ fx: R0.132
o /T T
~y o LR J
0O ©
c © -
E’ &
Lol LE ]
:‘:% | N

x:033| HandleWidth

Thermal Circuit for Handle:

Min=40.716°C
(x:3,091 y:-0.261 2:2.175) TH’] TH2 TH3

85.735°C
(x:1.578 y:~0.561 2:0.599)

The handle has a large temperature gradient and a large surface area ratio to length and thus is best served by

the shown circuit. ldeally, there would be an infinite number of resistors.
Hyperbolic cosine to the rescue!

The shape of a hanging cable, a catenary, is a hyperbolic cosine and this crazy function finds its place in
various engineering calculations. It should be noted that the cables of a suspension bridge are closerto a
parabola because the cables support a heavy road deck, which is a load distributed evenly along the x-axis.

One thing thatis nice is at the end of the handle section x =L and thus (1 -x/L) becomes 0 and thus the crazy

top cosh function becomes cosh(0), which equals 1 and thus the simpler form on the right can be used. The
form on the right was also solved for T. If we were plotting the temperature, we would need the left form. You
are welcome to do so for fun.

_x\ |hP h(0) (Te — T
r_T, cosh ( L) il T=cos()(5 A)+TA
_ hP
Ts — T, hP cosh| [zzL

cosh k—AL



Compare your result to the minimum mug temperature, which should be the center of the handle.

Max=90 (l()"’(

(%:1.465 y:1.794E-16 2:3.83)
72.421°C 1557 A

Min=40.716°(

(%:3.091 y:-0,261 2:2.175)

85.74°C

Deliverables

1) screenshot of your simulation with a porcelain mug with 90 C water

2) screenshot of your simulation with a copper mug with 90 C water

3) screenshot of your simulation with a porcelain mug with 90 C water and radiational cooling off
4) calculation of wall temperature

5) calculation of handle temperature at its center

6) table showing comparison of simulated to calculated temperature for wall and handle center temperatures
of the porcelain mug with radiational cooling off. Include the percentage difference for each comparison.

7) what was the handle temperature difference when radiational cooling was off? Which is the dominant
cooling mechanism, convection or radiational?



