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« Example

— In this example, analysis will be performed on heatsink heat dissipation which
is generated from PCB (Printed Circuit Board).

« (Contents

— This example contains the following:
* Heat conduction through solid material
« Natural convection of hot air
« Appropriate heat transfer

— In this class, we will skip meshing method.

« Objectives

— Learn how to perform heat transfer analysis with CFD.
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« Heat transfer concept
— In this example, air will be used as a medium.
— Radiation model and conduction/convection model is needed

this “Heatsink” analysis.
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Start Fluent
1. Start — ANSYS 18.2 — Workbench
2. Form the Workbench, start Fluent

Fluent setting

3. View — Properties — Set the Double Precision

(Better convergence, strict energy balance)
. " . .. B
4. File — Save As “Electronics_Cooling @

« Load Mesh file
5. On the setup menu click right
Button of the mouse
— Click “Import FLUENT Case”

6. Change file format to Fluent Mesh File

— Find and click Heatsink.msh
— Open
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e |nitiate the Fluent

1. Run with Default option (Double click setup)

2. OK

* View the model
3. Check the TUI, if there is no error.
4. Mesh display and Display setting
— Graphics — Mesh

Fluent Launcher (Setting Edit Only) had - [m] X

Fluent Launcher

Dimension Options
0 Double Precision
an Meshing Mode:
Display Options Processing Options
Display Mesh After R eading @ Serial
Wworkbench Color Scheme O Parallel

[ Da nat shaw this panel again

ACT Option
[ Load ACT

%] Show More Options

— Face (deactivate), Edge type — Featuree [

— Colors click = Color by ID check — Close,
— Display click
5. Lights — Headlight on activate
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« Temperature unit change K — °C

1. User-Defined — Units

2. Quantity — Temperature
3. Temperature units "°C"
— Close

« Energy Equation activate

— Tree — Models — Energy double click
— Energy check (activate) — ok
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5 A Caleulation Activities
=/ Run Calculation

~ @ Results

Setl
v @ Graphics P
~ @ Mesh
(B mesh-1 Options.,, | Compose.,, Wiews, ,,
& mesh-2 Lights... || Colormap... || Annotate
> & Plots
> I Animations
\ U P -
Tree Task Page
Models

|V a Setup

BS Models
0"

Viscous (Laminar)
Radiation (Off)

Heat Exchanger (Off)
Species (Off)
Discrete Phase (Off)
Solidification & Mel--
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Materials M
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Heat Exchanger - Off
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Eulerian Wall Film - Off
Electric Potential - Off

Energy ®

> @& Cell Zone Conditior__
» P Boundary Condit’
! Dynamic Mesh
@ Reference Values
v @& Soluticn
@ Methods
#° Controls
Report Definitions
> Monitors

Cancel | Help

I Roqict

ETETT
Energy Equation |
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« Comments on Model setup
— Check the mesh display, if there is any missing.
— Check the unit. Workbench uses SI-Units (meter, kg etc.)

— In many cases, on isothermal condition, we don't have to use energy equation
because of CPU load. But in this case, we activate energy equation.
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Material Properties

« Air density changes with thermal condition
1. Materials — Air — Create/Edit ”

2. Density — Incompressible ideal gas

— Other properties remain default

3. Change/Create click

— Create/Edit Materials close

» & Solid
& Cell Zone Conditions
¥+ Boundary Conditions
B Oynamic Mesh

Material Tupe Sl T
| fuid E me
Facer Fluii Mule \,ucm aaaaa | Formula
[ J[o Fluen Database...
M
= . User-Deined Database,
al Density (kg/m3} incompressible-ideal-gas :ul &
Cp (Spacilc Heat (j/kg—+) constant di
100643 |
Thermal Conductiity {w/m-&) constant it
00242 |
Ql Change/Create Ileleht e

SR

 Add solid materials (Board, Heat Slnkw Heat Source)

4. Materials — Solid — Create/Edit

5. "Fluent Database” click
6. Type — Solid

7. Select "Copper”

8. Copy — Close

Q S@‘ w
ners

Cp (Specitic Heat) (/kg-k) [constant

‘Thermal Canductivity (w/m-K) constant
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l Create/Edit,, D let ‘ Change/Cre:
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e

Put the PCB properties into the copper properties

1. Select “copper” — PCB is consisted of “fr-4"

— Change the name to “fr-4"
— Delete chemical formula

2. Density = 1250kg/m3, cp = 1300 J/KG - K

conductivity 0.35 W/m - K
3. Change/Create click

4. To not overwrite to copper select “No”

Tres Task Page
v @ setup Materials
= Gzl Materials
> B Models
v & Materials Fluid
> & Fuid ar
> & solid olid
> @ cell Zone Condit p'm’w
> D& Boundary Conditi P
B Dynamic Mesh
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Question
~ Edit,, ‘,- '~‘ Change/Create mixture and Overwrite copper-new?
~ Edit.,
0

Same as the above, add "Component” Material
— Density = 1900 kg/m3, cp =795 ] /kg - K, Thermal conductivity = 10 W/m - K

9' Change/Create lDe\ete Close | [ Help
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« Comments on Material properties

— For natural convection problems, flow generate due to difference between
density. In the simulation region we use incompressible ideal gas instead of
compressible ideal gas because pressure change influence is minimal.

— Although fluent database have default property of materials, consisted of
reference STP(0°C,1atm)/RTP(25°C,1atm) values, it needs to be checked before
starting analysis.
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Set Cell Zone Conditions
1. Cell Zone Conditions
— Click "Operating Conditions”
2. Activate “Gravity” — put y-direction
gravity value " — 9.81m/s?"

3. Activate “Specified Operating Density”

and put 1.11 kg/m3
Click "OK"

« Don't change fluid zone
4. Cell Zone — Fluid
— Check if the Material is “Air”
Close
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Set Cell Zone Conditions
« PCB properties

1. Cell Zone — solid_board

— Material change to "fr-4" — Edit
2. Click "OK"

« Heatsink property
3. Cell Zone — solid_heatsink
— Material change to “Copper”
— Click "Edit” and check the values

Tree Task Page
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Tree Task Page x

Set Cell Zone Conditions Vit @ [

Jl

> & Materials Ad
v & Cell Zone Conditions
solid_board
& fluid (fluid, id=5) <olid_heatsink
& solid_board (solid, i Rl
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2 Methods
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Set Boundary Conditions

* Inlet condition (Boundary Conditions < Inlet):
1. Pressure Inlet
2. Thermal tap — set 45 °C — "OK"

« Outlet condition

Maintain “Pressure Outlet”

Set gauge pressure 0 Pa

Direction “From Neighboring Cell”
“Thermal tap” — "Backflow Total-
Temperature” Set to 45 °C — "OK"

3.
4.
5.
6.
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Set Boundary Conditions

» Adiabatic wall condition

1. Boundary zone — select "wall_left"
Thermal tab — check “heat flux” 0
2. Set the “wall_right” and “wall_top” same as above

« Select PCB's surface “adiabatic”
3. Surface — wall board _bottom — “Heat Flux" 0
— Set the “"wall_board _side” same as above

« Wall_board is PCB’s fluid region not an
outer boundary

Tree S Page
& General /[ Boundary Conditions
> B Models
> & Mmaterials Zone [Filter Text
it
¥ O Gl wall_bosrd-hestscurce-shadw
& fluid
ar wall_board-shadow
=1y wall_board_bottom
O sl wall_board side
, & el wall_heat sink
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3t defau. wall_heatsource-heatsinkshadow
D% outlet (pressure- wall_right
& wall_board (wall. wall_top
T wall_board-h
% ywall_board-h o
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B wall_heat_source- » 2l O )
[ el o U —
7% wall_heatsource- o
T wall_left (wall, id s | T
& wall_right (wall, i diation atGeneration Rate (w/m3»[0 |
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Comments on Cell and Zone Conditions

« Operating conditions
— For calculating the natural convection, gravity condition is needed. (But in many
cases, gravity effect can be neglected.)

— Operating density is very important in natural convection problem. We use
density condition from the “Far Field Temperature” value. (Ex, Inlet temperature)

— Operating pressure position is related to the inlet/outlet pressure condition.

« Boundary zones
— Inlet and outlet pressure will be 0 Pa because it is on the operating pressure
region.
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Comments on Cell and Zone Conditions

« Volume data

— On volume integrals panel, we can check the volume. However, before activating
volume integral, initiation process is needed.

« External heat loss
— In this problem, adiabatic condition of the outer wall is needed.
— When it is needed, we can modify the other FLUENT condition.

« Heat flux condition

« Heat transfer coefficient condition (Ex. Vertical planar natural convection)

« Radiation heat transfer (emissivity and temperature, regardless of the radiation model in FLUENT)
« Shell conduction (conduction analysis considering material and thickness)
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Comments on Cell and Zone Conditions

* Internal boundary condition
— 4 cell zones exist (2 fluid and 2 solid_board)
— For dividing 2 zones we use pre-processing for making wall_board
— To bring mesh, FLUENT makes shadow surface : wall_board_shadow

« Opening the two boundary condition
— wall_board has the adjacent cell zone solid_board
— wall_board_shadow has the adjacent cell zone fluid

« Check the surface if emissivity and wall roughness are applied
correctly

> Introduction > Basic Model Setup> Solving > Post-Processing > Summary >
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Create a Monitoring Point

« We can monitor air temperature by generating a Point Surface near
the upper component
1. Postprocessing — Surface — Create — Point
2. Coordinates (in meters) put (0,0.15,0.05) and create
3. Setting up domain — Surface(Manage) — Point (Position check)

| @4 Setiing Up Domain || @ Setting Up Physics || User Defined || o‘ngH @ Postprocessing | |

Surface
ok Create
o \ el Madel
A RIETET T raphics Plots Repors Animation Speciic B surac
Surface Type
S o . S . A — @ point-surt
~ Outlet
Tree Task Page
v @ Setup Fl B point surf % monitor-pt Fomsfl___]
E General I point Surface " O Facets[1 |
> BE Models Optlons Coordinates m”.gx:gihmmum D Facets[0 |
> & Materials TDD‘ 0( m)l:l wall_board-heatsource-shadow o2 Facets[D_ |
> & Cell Zone Conditions E vl m) [ Highlight Surfaces
» % Boundary Conditions Marme D
B Dynamic Mesh 20 (m) _ [manitar-pt IE]
. gl F?aference Values 0 Select Point with Mause UnGiroup
— Q; UN':ztlods Mew Surface Name
7 |m0nitor—p11 |
&’ Contrals J
Report Definitions ) ]
3 — v [Create ] ||Manage... | | Close | | Help |
Cell Registers % . .
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e Surface Monitor

1. Ribbon tap — Solving — Reports — Definitions - New — Volume Report —
Volume Average
2. On name, put “component-temp-mon” — on “Create” — check Report File and
Report PlOt IGEEM & seting Up Domain | @ Setting Up Physics |
3. RepOrt type — Volume_Average | Solution " Controls '| Initialization " Activities .| Ca‘cﬁuﬂgm |
4. Variable — Temperature — Static Temperature
5. Cell Zones — select “solid_heatsource” ? i) 3 )
6. OK i Et g;ﬂ; E;:;EZEE’ [ Static Temperature :|
%E:,”; & Cell Zones [Flter et R
v W@ solution | g e o/m f i
L Meth|
Fluent can only monitor temperatures in Kelvin
or Rankine. This applies only to the surface e
. . v @ Results
monitor and does not affect the units you have F
B > [B Plots
defined elsewhere. .
[A Report File
O
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e Surface Monitor
1,

2.
3.
4.
5.
6.

Ribbon tap — Solving — Reports — Definitions — New — Surface Report —
Vertex Average

On “name”, put “air-temp-mon“— on “Create”— check Report File and Report Plot
Report type — Vertex Average e Ha0 e o

Solution Controls
Variable — Tmperature — Static Temperature | % i e [ R .. ‘
Iethods.. Contrals. Advanced... o o o
Surfaces — select “monitor-pt” e
v = ‘g;nm, | Surface Report Definition X
OK 2 O OE= -
> J% Boundary Conditions Vt I

Bl Dynamic Mesh
4 Reference Values
v @3 Solution

@ Methods

& Controls Report Files [0/3]
> [E Report Definitions
> Monitors

Cell Registers

9,5 Initialization

air-temp-mon-rfile
cemponent-temp-mon-rfile
report-det-0-rfile

Report Plots [0,3]

component-temp-mon-rplot

Gva hics
O @?\A - report-def-0-rplot
s & Plots airtemp-men-rplot
> EIJ Animations Create wxll:bnard—heatsnur(e
> g Reports Report Fils wall_ board-hestsource-shador
> B Parameters & « 1 Report Plat

[ Print to Console

[1 Highlight Surfaces

Mew Surfac

[ Create Output Par @
@mw e
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e Solution

1. Solution — Methods

— On "Pressure-Velocity Coupling”
— Select "Coupled” on “Scheme”

2. On "Spatial Discretization”

— Pressure — Body Force Weighted

— Momentum and Energy
— "2nd Order Upwind”
3. Activate "Pseudo Transient”

4. Solution — Initialization
« Standard Initialization — Compute from — Inlet
« Initialize

5. File — Save Project (Workbench) or Write Case and Data

@ Setling Up Domain

@4 Setting Up Physics | User Defined | G Solng | @ Postprocessing | + ¢ » @ 2]

8 General
BS Models
& Materials

& Cell Zone Conditions
#£ Boundary Conditions
! Dynamic Mesh
& Reference Values
v §3 Solution
2 Methods
. Controls
> Report Definitions
> Monitors
Cell Registers

>
>
>
>

> Ell Calculation Activities
’-}' Run Calculation
~ 9 Results
v 3 Graphics
(@ Mesh
Contours
'%3 Vectors
& Pathlines
== Particle Tracks
> & Plots
3 Scene

> Introduction > Basic Model Setup>

Solving

> Post-

5 FT animatinne

Processing >

Solution Controls
,‘a, Equations...
L. 3 - Fun
ﬁ\K Limits,.. Reparts Initialization Activities Caloulation
Methods.., Controls,,,  Advanced... o o o .
Tree Task Page
v @ Setup || Scheme
B General Coupled
> B8 Models ™
> & Materials Ereliznh
> @ Cell Zone Conditions | et Solares ol Bacad
1+
> g Boundary Corldlmns (Pressure
ErEmThic Second Order
& Reference ¥
= Momenturn
s Second Order Upwind
> Methods 5 B
&7 Contrels nergy -
N Report Definitins \ Second Order Upwind
> Monitors
Cell Registers Transiert Formulation
B Initialization 5
> F Caleulation Activities
ﬁ Non-lterative Time Advancemnent
-} Run Calculatior
v @ Results Frozen Flux Formulation
~ §9 Graphics Pseudo Transient
(D Mesh [1'Warped-Face Gradient Correction
> |5 Plots [ High Order Term Felaxation | Options,,,
> I Animations
> B Reports Default
> & Parameters & Customization
Tree Task Page
¥ @ sewp Solution Initialization

Initialization Methods
(O Hybrid Initialization
(® Standard Initialization

Cornpute from

Reference Frame
(® Relative to Cell Zone
O Absolute

Initial Yalues

Gauge Pressure (pascal)

[o

* Velacity (m/s)

[o

W Welocity (m/s)

[0

Z Welocity (m/s)

[o

Temperature (c)

[45

l Initia\izel Reset | Patch, .,

Besat NP Souree Hesat Sfatisfic:
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e Solution

1. Run Calculation
« On pseudo transient options — “Fluid Time Scale”, “Solid Time Scale” — user Specified

* Fluid 10s, Solid 1000s
— Now the preparation process is done.
— It takes 5~10 minutes to converge.
2. Iteration : 150
3. Run Calculation

» B Cell Zone Conditions
> J% Boundary Conditions
B Dynamic Mesh
& Reference Values
b Solution
2 Methods
#. Controls
» Report Definitions
3 Monitors
Cell Registers
b, Initialization

> El Calculation Activi’g
Q Results

v & Graphics
B Mesh
Contours

'#2 Vectors
& Pathlines 9
== Particle Tracks

Fluid Time Scale

Tirne Step Method  Pseudo Time Step (s)

Tree Task Page
v & Sgetup | Run Calculation
G
e ME;;;S Check Case Lpdate Dypnamic Mesh.
> & Materials Pseudo Transient Options

® User Specified [

(O Automatic

Solid Time Scale

Time Step Method  Pseudo Time Step (s)

@ User Specified  [1p00

() Autornatic

LS

|
%

(Mumnber of terations

F

eporting Interval

1

[150 S

4k

L S

Data File Quantities,

Calculate

Acoustic Signals, .,

Acoustic Sources FFT,

> Introduction > Basic Model Setup>

Solving
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« Comments on Solver Controls

B > o5 /8 N 2 8 40

Q@

— Solver setting is set for stable convergence.

— This basic model setup is needed for applying Natural Convection Pressure
Scheme and Body Force Weighted.

— Solution initialization is used for initial iteration, and convergence speed will
be faster if we put the value close to the converged value.

= Scaled Residuals 8\

%] /-E component-temp-mon-rplot [ \fﬂ

air-ternp-mon-rplot

ANSYS

R18.2
Academic

Information X

‘@ Calculation complete. é" 03 z

0 20 40 60 80 100 120 140 160
lterations

> Introduction > Basic Model Setup> Solving > Post-Processing > Summary
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* Quick Post-processing
1. Check total heat, mass balances

Options

Mass Flow Rate
Total Heat Transfer Rate

Radiation Heat Transfer Rate

Save Output Parameter..

Reports — Fluxes — Set Up

Select the Inlet and Outlet, click compute
Net Results will be displayed

Check the value if it is low(it should be low)

2. Total Heat Transfer Rate — choose all wall, Inlet, Outlet and then compute

3. Check the difference with Energy Source(75W) = e

Difference between 75W and that one should be lower than<5 :@

()
¥
¥ o
L
L
L
L
opt B
) - = = = ions = = =
Boundaries [Flier Text 5| T X esults pMass Flow Rate Boundaries |Filter Text 8| %7 "X Recults E
Total Heat Transfer Rate 4
default-interior ~ % - A~
E
defaultinterion 018 Fadiation Heat Transfer Rate E
default-interior:020 :
default-interior:021 :

wall_board
wall_board-heatsource

wall board-shadow

Met Results (kg/s) Save Output Parameter, Net Results {w)
-3.695336e-06 -17.0283

wall_beard-heatsource-shado

-0.01750840186446629
-77.0121792266432
-2.186687839091628
1.371069626324469
-1.371069626324996
2.186674793078739

-3.695335934718066e-06

2

Introduction > Basic Model Setup> Solving > Post-Processing Summary >
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* Quick Flow Visualization
1. Graphics — Vectors — Velocity(or Temperature)
2. Select all walls — Save/Display

> =3 Vectors q Mew Surface -

Tree Task Page x &Y velocity Vectars Calored By Velocity Magnitude (m/s) [ component-tamp-monplot ) \/ [ airtemp-man-rplot B\
lf defalinterior (interior, id=19) [ Graphics and Animations =
J+ default-interior:018 (interior, id=18) K
D default-interior:020 (interior, i Errpliies &
J£ default-interior:021 (interior, id=21) Mesh
Bt inlet (velocity-inlet, id=12) Contours O}
I+ outlet (pressure-outlet, id=11)
J5 wall_board wall, id=15) Pathiines &
& wall_board-heatsource (wall, id=186) Particle Tracks
1% wall_board-heatsource-shadow twall, id=25) P
J< wall_board-shadow (wall, id=24)
€ wall_board_bottom twall, i
J€ wall_board_side (wall, Animations )
P+ wall_heat_sink (wall, id=17)
f wall_heat_sink-shadow Fwa\l, id=26) Seene Animation &
D% wall_heat_source (wall, id=13) Solutien Animation Playback i,
¥ wall_heat_source-shadow (wall, id=22)
€ wall_heatsource]
J£ wall_heatsour Vectors X =0
J© weall_left (wall, il Yorctor Name
D% wallright (wall, [vector-1 ] @
"
B wall_top wll, i Options (\ectors of )
B Dynamic Mesh Global P [Velocity - @
@ Reference Values Auto R Color by g S - 2
v @ ;gh:‘g:wds ﬂpﬂ«; [Velnchy. 1 air-temp-mon-rplot =R\
o Controls Draw Mesn | Yelocity Magnitude w
> [E) Report Definitions | gry|a i (m/s! Ma (m/g) &
> Monitors ’an’nw—" 0, 0006370411 1,236845 a
R Scale Skip Surfaces [Fler Test ]
5 ] 0 e @
> A Calculation Activiti ~ Fluid
=} Run Calculation fluid v
bz ~ Inlet
v & Graphics \ Customn Vectors.., inlet E
> (@ Mesh :|cmnrma ot v Internal &
@ contours [ G Anfaule it ) @
A

&% Pathlines

B |

30 scene 7.37e+01

S || o) e
/ Introduction / Basic Model Set| || | sare >

. 6.04e+01

| p9r 5.71e+01

. . 1 e
Innovative Design and Integrated s cneso 2
. 4.72e+01 6
Manufacturing LAB. [




« Save Case and Data Files for Later use
1. File = Export — Case & Data

« Work folder change and file name

2. If the file is saved by adding ".gz",

Select File

? X

Look in: | C#tlsers®HP PARK#Deskto--S05_Electranics_Cooling v\ (<5 I+ B E!
ame ize ype ate Modifie
W My Co M - si T Date Modified
2 HPPARK [ 05_Elec_cool.cas.gz 39 MB gz File  2016-0--:44:10
| ] o5 Elec_cool dat gz 21MB g7 il 2016-0-44:12

D 05_Flec_Cool_s2s_rad.cas.gz 3.9 ME gz File
D 05_Elec_Cool_s2s_rad.dat.gz 22--MB gz File

2016-0---:43:42
2016-0--:43:508

heatsink.cas 22--MB o File 2017-1---:08:50
D heatsink.cas.gz SOME gz File 2017-1-:12:54
B heatsink.dat 33-MB gatFile 2017-1--:09:51
[ heatsink dat gz 22-MB gz il 201711256

It can zip the files. 2]
ACase/‘Data File |healsink‘gzl

| I

Files of type: | Case,/Data Files (= cas« = dat= ) -
Filter String [ |
Write Binary Files

/T heatsink 2017-10-15 @7 2.. ANSYS v180 casF..  22710KB )

[] heatsink.cas.gz 2017-10-15 @ 2., GZ o+ 6,085KB

9 B heatsink 2017-10-15 @& 2..  KMP - MPEG Mo.. 34,138KB

[] heatsink.dat.gz 2017-10-15 @H 2., GZ o+ 22,737KB
\D heatsink.msh 2016-04-11 27 6.. MSH I+ 41,?‘28!(5/

> Introduction > Basic Model Setup> Solving > Post-Processing > Summary >
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Summary

« From this example,
— Conduction on solid is simulated.
— Fluid and Solid conjugate heat transfer is considered.
— Natural convection effect is simulated.

« Calculating the max. temperature is the main issue.
— (Radiation effect can't be neglected. but, we skip the radiation process.)

« Before starting the analysis, we should clarify selection of the
Mesh scale, Numerical method etc.
— It can affect on Convergence speed, Stability.

> Introduction > Basic Model Setup> Solving > Post-Processing > Summary
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THE END



