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Numerical Simulations of a heat transfer problem with ANSYS ' *
%, Contents JULICH

FORSCHUNGSZENTRUM

1. day
> Introduction to FEM (finite element analysis)

» Exercise: Cooling of electronic components
a) building the geometry
b) defining material properties
c) simplified thermal simulation
d) more precise thermal simulation with fluid elements

2. day
> Introduction to CED (computational fluid dynamics)

» Exercise: Cooling of electronic components
e) CFED simulation
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Introduction !) JULICH

% Finite Element Method (FEM)

FORSCHUNGSZENTRUM

» Public known from e.g. crash simulations for automobile industry

Source: Institute for technical and numerical mechanics, University of Stuttgart
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Introduction !) JULICH

Y Finite Element Method (FEM) — how does it work? o RSCHUNGSZEN TR

» The Finite Element Method (FEM) is a numerical method for solving problems (differential
equations) of engineering and mathematical physics.

» Useful for problems with complex geometries, loadings, and material properties, for which
analytical solutions are not available any more.

» Applicability: structural/stress analyses, heat transfer, electromagnetic fields, crash , fluid
dynamics, fracture mechanics, acoustics ...

» The whole domain is divided into small elements for which the field variables (e.g.
displacements for mechanical problems) are interpolated from values at the corners (nodes)
by approximating functions. The values of the field variable at the element nodes become the
unknown of the problem, from which all other values can be derived (e.g. strains and
stresses for structural analyses).

derivation

I  clcment displacements = e 3 strains

functions

nodal displacements

material law

Stresses (and forces)

» Recombining all sets of element equations into a global system of equations, the problem
can be solved for the whole domain.

» Important: The solution of a finite element analysis is not exact but only an approximation
that strongly depends on the discretization and the approximating Gentral Institute Tor Engineering.
functions. (
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Introduction O JULICH

& Finite Element Method (FEM) — what are the Benefits?

FORSCHUNGSZENTRUM

+ identification of faulty designs and weak spots in
the early development phase _
+ enhanced product quality
+ analysis of complex systems possible _
+ shortening of

+ minimizing costly physical testing* development phases

+ results are available everywhere in the system + reduction of

4+ fast and easy design optimization in terms of development costs
material stressing, weight, stiffness ...

+ assessment of lifetime

*nevertheless, in most cases experiments are also indispensable in prototype development
and only the combination of simulations and experiments will lead to optimal results
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Exercise: Cooling of electronic components ’ s
L Exercise details JULI CH

FORSCHUNGSZENTRUM

» (Geometry

ANSYS
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Exercise: Cooling of electronic components
%, Exercise details

#))0LICH

FORSCHUNGSZENTRUM

» (Geometry

ANSYS

R16.1

Academic
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Exercise: Cooling of electronic components
%, Exercise details

#))0LICH

FORSCHUNGSZENTRUM

» Boundary Conditions

~eynoias numpoer. — JU Uroulel

conductivity: 0.15 W/(m K) :
viscosity: 2e-5 N-s/m? heat transfer coefficient: ~ 4000 W/(m K)

“ 50.00 Thermal Commgn)ljctiVIty Of materlals: | t |

0.00

» Electronics carboh foam: 70 W/(m K)
heat generation:1.5 W per block ceramics: 4.5 W/(m K)
total heat: 24-1.5W =36 W steel: 15 W/(m K)

carbon fiber laminate:
10 W/(m K) (in plane)
05 W/(M K) (Vert|CaI) Central Institute for Engineering,

Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components

%, set up the simulation project
» Start WB16.2 from desktop

A JULICH

FORSCHUNGSZENTRUM

» Drag and Drop with LMB (left mouse button) ‘Steady-State Thermal’ to Project Schematic

A Cooling of electronic components - Workbench

= lal=]| = )]

File View Tools Units Extensions Help

_ EH iject.

dlmport... ‘ “pReconnect [#] Refresh Project  # Update Project

Toolbox

| B Analysis Systems |
4 DesignAssessment

a Eigenvalue Buckling &

@ Electric 1 i Steady-State Thermal

¥ Explicit Dynamics 2 | @ Enginesring Data v o4

3 Fluid Flow (CFX) = .

[ Fluid Flow (Fluent) 3@ Geomery -:a 4 preprocessing
@ HarmonicResponse i ﬁ Model o 4

ﬁ IC Engine 5 a Setup ) B

Magnetostatic P 6 | Solution 2, SOIUUOn

d§ Modal = H
i Moca 7| @ Rests ) Post-processing

ﬁ' Random Vibration
E]' Response Spectrum
= Rigid Dynamics

Steady-State Thermal

[ ﬂ Steady-State Thermal

[z Transient Structural
R Transient Thermal

@ Turbomachinery Fluid Flow

Component Systems A B T D E

Custam Systems 1 Name ~| ce.. *| Sze ~ Type b Date Medifi
Design Exploration 2 | f} cooling of electronic components.wbpj 142KB | Workbench Project File (CLEE20TE T2
External Connection Systems 3 5&‘ designPoint.wbdp 63KB | Workbench Design Point File 01.09.2015 15:¢

‘? View All / Customize... | F| 1]

3 -

; Ready

[El Show Progress ”@ Show 0 Messages ]_:5

» Main Menu => File => Save As... (choose directory and project name)
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%, part a): building the geometry

» Double-Click (LMB) on Geometry

Main Menu Toolbars

Exercise: Cooling of electronic components

-
B Cooling of electronic components - Workbench

File  View Tools Units Extensions Help

[ER)R)/TF eroee

" dlmport... | “pReconnect [%)] Refresh Project Update Praject

Ennalysis_‘qstam ‘
Design Assessment
Eigenvalue Buckling
Electric

Explicit Dynamics
& Fluid Flow(CFX)
@ Fluid Flow {Fluent)
HarmonicResponse
&5 1c engine
Magnetostatic

W Madal

m Random Vibration
m Response Spectrum
= Rigid Dynamics
[ Static Structural

Steady-State Thermal

ﬂ Steady-State Thermal l
" VT y 4

|- M- - f- S A S A 7

i M8 0 Parts, 0 Bodies

IN— ! Z
sketching  Modeling
Details View 2
= Details of XYPlane
Plane [s0iPrane
Sketches lo
Export Coordinate System? | No

~—

A

XiPlane v | none - 29 || jGenemte W Topology HParametErs || Retrude goRevolve GpSweep g Skin/Loft || WNTni/suriace % Blend g Charier MSice || @point 5)Comersion
| Eizdetditor. fimport 8GD_fs]Load BGD £ FlowPath | D preferences
#\x = _ ﬁm\liji‘ai-@
ree Outline Y Graphics
= ,@ A: Steady-State Thermal
¥ X¥Plane
4 Z:0lane ANSYS
,;}. VZPlane R16.1

Sketching "/;Mmq\eling mode

~Details View

Academic

Graphics
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Model View | Print Preview
@ Ready 1 Plane Meter Degree o o /Jf
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Exercise: Cooling of electronic components 4 JULlCH
& part a): building the geometry - toolbars

FORSCHUNGSZENTRUM
» Selection Tools:  [select: [ *; T~ | T @ &
Entity Selection Mode
*; |* New Selection
T.v [* Single Select
‘Iyv|* Box Select > SL drag from left to right: items completely enclosed are selected
* Select Points [/
drag from right to left: items completely or partially enclosed are selected
)| © Select Edges Vs
)| * Select Faces
| ¢ Select Bodies
> View options:
View Options can be accessed * Much quicker is Middle Mouse
via toolbar Button (MMB) with key changes <G>
[S]* Rotate — Rotate \\®
* Pan — Shift + MMB : Zoom '\\\
[&]+ Zoom — Ctrl + MMB : Pan .
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Exercise: Cooling of electronic components [ 4 jﬂLICH
& part a): building the geometry — foam ORSCHUNGSZENTRUM

» Main Menu => Units => mm

Main Menu => Create => Primitives => Box

Details View: Enter dimensions (point 1: -5mm, -1.5mm,0mm; diagonal: 10mm, 3mm, 200mm)
Toolbars => || #Generte  (will create box)

e (protects body from being merged with other bodies)

YV V YV VY

Main Menu => Tools => Fr

/
AHE @] E)umwdmﬁ W REER v E ]S ARG EACEE e |
W- B~ 4~ /- A= A~ A= Hog \
XfPlane v | None - y!] <} Generate [fShare Topology [F|Paremeters |/ WExrude gloRevoive G Sweep g Skiniloft || EThin/Surface @ Blend + 4 Chamfer WiSlice || 4 Point 5, Conversion

BladeEditor: (@import BGD {Efload BGD | de g Splitter ,;\IishTr&me\Exponvaims WO StageFluidZone o SectorCut |z ThroatAres (¥ CAD Import v | ) Preferences

RSl =
B A Thame Ao ©
o ANSYS
b VEPlene __Ri6.1
L@ Acadamic
Details View a
[=]| Details of Box1
Box Boxl
Base Plane ¥YPlane
Crperation Add Material
Box Type From One Point and Diagonal
Point 1 Definition Coardinates 2
~ FD3, Point1 X Coordinate -5 mm so_
“‘s:‘j FD4, Point 1 ¥ Coordinate -1.5 mm e ana D
§ FD5, Point1 Z Coordinate |0 mm “
E Diagonal Definition Components o
.E FD6, Diagonal ¥ Component | 10 mm ii%::m:m ¥
% FO7, Diagonal ¥ Component | 3 mm No )\
f W FO3E, Diagonal Z Component VLGl e w0 z X

| @ Ready No Selection |Millimeter Degree o o AI
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Exercise: Cooling of electronic components
& part a): building the geometry — polyethylene layer

#))0LICH

FORSCHUNGSZENTRUM

» Main Menu => Create => Primitives => Box

Details View: Enter dimensions (point 1: -5mm, 1.5mm, Omm; diagonal: 10mm, 0.2mm, 200mm)
Toolbars =>|| +/ Generate

Main Menu => Tools => Freeze

Toolbars => ® (Zoom to fit/ ‘F7’) and [ (Save Project/ ‘Cyl’ +'s’)

YV V YV VY

File Create Concept Tools Units View Help
AHE @] 9o Gren [[sdect[ b | RBOE o | K 0] S QA AQEA QKT *Ge 2
B W~ 4~ fiv A~ fiv fiv A 5
XtPiane v | none - 8 || /Genete @@Share Topology [EJParameters || wde gfiRevolve @pSweep g Skin/Loft || EThin/Suface @ Blend & Chamfer Wpislice || 4 Point E) Conversion
BladeEditor: @lmport BGD (Eiload BGD | SBFlowPath ¢/ Blade wf Splitter o VistaTFExport portPoints WDStageFluidZone  # SectorCut ki ThroatAres ¥ CADImport v | (05 Preferenc es

B F 2 = 5k © MLLY

Tree Outline B Graphics

[ /&8 A: Steady-State Thermal

w5 XVPlane
o DXPlane
3 VZPlane
6 Bod
vy @ Freezel
oy @) BoX2

@ 2 Parts, 2 Bodies

ANSYS
R16.1

Academic

Details View
[=1| Details of Box2
Box Box2
Base Plane XYPlane
Operation Add Material
EBox Type From One Point and Diagonal
» Pointl Definition coordingies
%“ FD3, Point 1 X Coordinate -5 mm
E FD4, Point 1 Y Coordinate 1.5 mm
$ FD5, Point 1 Z Coordinate 0 mm
g Diagonal Definition Components .
Ll FD&, Diagonal X Component 10 mm
§ FD7, Diagonal ¥ Component 0.2 mm i o 50,00 () Z/kx
§ FDSE, Diagnnal Z Component 200 mm 1260 750
= A&s Thin/Surface? No e e
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> Detalls View:
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Exercise: Cooling of electronic components
& part a): building the geometry — cooling pipe / outer dimension

» Main Menu => Create => Primitives => Cylinder

Details View
[=1| Details of Cylinderl
Cylinder Cylinderl
Base Plane ¥¥Plane
Operation Add Material
Origin Definition Coordinates
FD3, Origin X Coordinate [0 mm
FD4, Origin ¥ Coordinate [0 mm
FD5, Origin £ Coordinate | -200 mm
Axis Definition Components
FD&, Axis ¥ Component |0 mm
FD7, Axis ¥ Component [0 mm
FDE, Axis £ Component | 420 mm
FD10, Radius [=0) 1 mm
As Thin/Surface? Mo

> Toolbars =>|| # Generate
» Main Menu => Tools => Freeze

Georgian German Science Bridge — Autumn Lectures 2015.10.12.-13. J. Wolters — ZEA-1
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Exercise: Cooling of electronic components
& part a): building the geometry — cooling pipe / inner dimension

A JULICH

FORSCHUNGSZENTRUM

Mitglied der Helmholtz-Gemeinschaft
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» Main Menu => Create => Primitives => Cylinder

» Details View: |Details View
[=]| Dretails of Cylinder2
Cylinder Cylinder2
Base Plane X¥Plange
Operation Add Material
Origin Definition Coordinates
( FD3, Origin X Coordinate |0 mm
FD4, Origin ¥ Coordinate |0 mm
FD5, Crigin £ Coordinate | -200 mm
Axis Definition Components
FD&, Axis X Component |0 mm
FD7, Axis ¥ Component |0 mm
FDS, Axis £ Component  |420 mm
N FO10, Radius [=0) 0.9 mm
As Thin/Surface? Mo

» Toolbars => |J -} Generate
» Main Menu => Tools => Freeze
> Toolbars => & [
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Exercise: Cooling of electronic components
& part a): building the geometry — intersect cyI_»inders

> Toolbars => [& (Zoom in):

> Toolbars => [® (Select Bodies ‘Ctrl’ + ‘B’)
» Toolbars => 3+ | (Box Select): Select both cylinders

» Main Menu => Create => Boolean T
» Details View: /
Details View n }
[=I| Details of Booleanl
Boolean Booleanl
Operation Intersect
Tool Bodies 2 Bodies
Preserve Tool Bodies? | Yes, Sliced
Intersect Result Intersection of All Bodies

> Toolbars => || ¥ Generate

Georgian German Science Bridge — Autumn Lectures 2015.10.12.-13. J. Wolters — ZEA-1
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Exercise: Cooling of electronic components 4 JU LICH
& part a): building the geometry — subtract cylinders from foam

FORSCHUNGSZENTRUM

> Main Menu => Create => Boolean
> Details View:

Details View

[=I| Dretails of Boolean2
Boolean Booleand
Operation Subtract
Target Bodies 1 Body
Tool Bodies 2 Bodies
Preserve Tool Bodies? | Yes

> Toolbars => || ¥ Generate

Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components 4 JﬂLlCH
& part a): building the geometry — generating parts

FORSCHUNGSZENTRUM

> Toolbars: k- |[@ => Select all bodies
> RMB |.'= Form Mew Part

| File Create Comcept Took Unds View &

| OB @[] Dudo Gredo [[sel
W W~ £ Jfv v fe fo A 7
wPane = | Nene - 29 || o Genate
BladeEdnor fllimpon B0 ] Load BGD | =fFlowPath o Blade
LN ST E

Tree Outline

88 A Steady-Sate Thermal

Plane

G BREE @ 5 e S QRREA0ES tee A

@ Topology [ Paramaters || MEarude glbRevolve QpSweep @ Skinloft | EThinSutace SpBlend v % Chamfer @siice | @ Point B Conversion
g VistaTFEspon " ExportPoints A SactorCut g Throatares @9 CAD Import = | @) Preferences
LY

ANSYS
R16.1
Academic

&> Measure Selection
Selection Filter

. Isometric View
i Set
ij Restore Default

@), Zoom to Fit (F7)

Cursor Mode 4
Yiew 4
09 Look At

Mo View [Print Preview

14 Bodes: Volume = 70912 T T S O T |

g Select All (Ctrl+ 4)

‘& Hide Body (F9)

@ Hide All Other Bodies (Ctrl+ F9)
Suppress Body

&% Form New Part Central Institute for Engineering,
Electronics and Analytics | ZEA
E_ i‘l

0.000 480 1 Mamed Selection
3250 2} Generate (F5)
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Exercise: Cooling of electronic components 4 JGLICH
& part a): building the geometry — electronic components

FORSCHUNGSZENTRUM

> Main Menu => Create => Primitives => Box

> Details View: Details View q
[=]| Details of Box3
Box Box3
Base Plane ¥YPlane
Operation Add Material
Box Type From One Point and Diago...
Point 1 Definition Coordinates

FD3Z, Point 1 X Coordinate 1 mm

FD4, Point 1 ¥ Coordinate 1.7 mm

FDS5, Point 1 Z Coordinate 10 mm
Diagonal Definition Components

FDa, Diagonal X Component |2 mm

FD7, Diagonal ¥ Component | 0.5 mm

B FO3, Diagonal Z Component Rl
As Thin/Surface? Mo

> Toolbars => || ¥ Generate
» Main Menu => Tools => Freeze

Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
& part a): building the geometry — electronic components

FORSCHUNGSZENTRUM

> Main Menu => Create => Pattern

- | File Creste Concept Tools Units View Help
DEtaI S VIeW' m--m”o o Gieto [[sdect % b @B W @ XX S+ QAAEAAOED @ |
J-'..A.A.A.A'kﬂ?) EP a @ (s 4 || - - . - *
= | xvPine v 3| None « ¥ || 3 Generste Wt Topoioay [EE]Parameters || WEcude Revolve Sweep Skin/Loft Thin/Surface Blend v hamfer ce || @ Point B)Conversion
Details View n | Bladekditor. fjimportBGD {EJLoadBGD | SPFlowPath o/ Biade of Spltter JVistaTFEport ' ExportPoints WMStageFluidZone gl SectorCut g ThrostAres (¥ CAD Import v | 2 Preferences :
/| Details of Patternl R - il
1-+/@) A Thermisch-stationsre Analyse
Pattern Patternl bl ANSYS
7 \ h vz __R161
Pattern Type Rectangular Academic
Geometry 1 Body N N
gy | Ganeel 4=
|| FD1, Offset S mm
|| FD3, Copies [==0] |1 © e
Direction 2 30 Edge S
|| FD4, Offset 2 16 mm e
. Details View
\ || | FD5, Copies 2 (>=0} |11 ) ST —
i
FDI, Offset 5 mm
FD3, Copies (>=0) |1
e

ANSYS /I\
R16.1
Academic 5.000 10,000 (mm) 7 %

7.500

> Toolbars => || + Generate

1 Edge: Length = 10 mm [Millimeter Degree 0 [0 ﬁ

Central Institute for Engineering,
Electronics and Analytics | ZEA
Management.
Syster

m
150 9001:2008
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000 2500 50.00 (mem) 7 /I\ %

I O
1250 EE)
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Exercise: Cooling of electronic components 4 JﬂLlCH
& part a): building the geometry — suppress fluid part of pipe

FORSCHUNGSZENTRUM

> Toolbars => [& (Zoom in)
» Toolbars => %~ [@ selectinner part of pipe
» RMB: Suppress Body

| File Create Concept Tools Units View Help
D B[ @ || Dindo Gredo |[select [y k-l@%il%-l:-cxus TARABRAANE @ 2

W~ W~ A A~ A A~ A AP

ane + | none - #|| Joenerate @Pshare TopMgy [ElParameters || @etude glaRevolve @oSweep § Skindloft || EThin/Suface @ Blend v % Chamfer @ipsiice || @ Point B Conversion

| BladeMgor: fifimport BGD {EfLload BGD | S FlowPath ¢ Blade g Splitter Ngd VistaTFExport *~+ ExportPoints DStageFluidZone ] SectorCut |z ThroatArea ¥ CAD Import v | b Preferences

LY Graphics

ANSYS
R16.1
Academic

3 Select Loops / Chains
> Select Smooth Chains

@ Cylindert R
@ Freezed &> Measure Selection
"; ?"”::'2 Selection Filter »
B Freez
[ Booleanl -
[ Booclean2 . Isometric View
IS0
V@ Eoﬁé vt Set
+© Freex -
[ Patternt i Restore Default

- 25 Parts, 28 Bodies

&) Zoom to Fit (F7)

Curser Mode L4

Sketching  Modeling
Details View b Jen ’
=|| Details of Body

79 Look At
3 Go To Feature
iy, Go To Body

Body Solid
Volume 1068.8 mm*
Surface Area 2380.1 mm?
Faces 3

Edges 2
Vertices ]

@5 Select All (Ctrl+ A)

Fluid/Solid Saolid -
Shared Tapology Method | Default (i) Hide Body (FS)
Geometry Type @ Hide All Other Bodies (Ctrl+ F3)

Suppress Body
-: Farm Mew Part A
@ O Dmﬂ 1 Named Selection 7 %

:j Generate (F3)

Model View | Print Preview
(A |1 Body: Velume = 10688 mm® [Millimeter Degree b b /4
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Exercise: Cooling of electronic components , o0
& part a): building the geometry — centerline of cooling pipe J J ULICH

FORSCHUNGSZENTRUM

» Mark YZPlane (RMB) ' Thermisch-ctaBoRES sionare Anaiye - Designiiodcr TR

File Create Concept Tools Units View Help
> Toolbars => # | (New Sketch) ,g HE G| D Gro |[sdec 7 Ty | @ B0
» Mark Sketch 1:

J YZPlane - #-l Noﬁéﬂj |J ‘} Generate @ Share’

| BladeEditor. $4Import BGD §ZLoad BGD | S FlowPath 7 Blade o
File Create Concept Tools Units View Help

= ( Elk¥|| El
Cal- 1| | W2 “ T¥Undo & Redo |J5elect:,_ %'| TN
,J l' Wr A~ fiv fov A~ fom A Z - @8] A: Thermisch-stationdre Analyse
J \"Z\ne - ﬂ-| Sketchl - El_g'_.g |J :;Generate .Sharel
| Bladefjtor: EImport BGD EfLoad BGD | S FlowPath 7 Blade 4

Graphics

BN - (5@ . T
Tree Qutlin 3 Graphics : ‘,. Boxd

....... @ Freezed
....... + 8 Cylinderl
....... +© Freeze3

....... + 8 Cylinder2
....... @ Freezed

------- ” ‘ Boolean2
....... v & Boxd
....... 0 Freezes

------- [ Patternl
-, 28 Parts, 28 Bodies

_hodeling I

Details View n
[=I| Details of Sketchl

Sketch Sketehl

Sketch Wisibility Show Sketch

Show Constraints? | Mo

» ‘Sketching:
modus

Sketching

Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components

& part a): building the geometry — centerline of cooling pipe

>
>

Sketching Toolboxes => Draw => Line

Draw line along pipe axis in Graphics Window
Important:

#))0LICH

FORSCHUNGSZENTRUM

- C-Symbols must be visible when creating the start and end point of the line
- the line should be slightly longer than the cooling pipe, so that end points can easily be selected

File Create Concept Tools Units View Help

[ |

| OH B @ || Dundo Ceredo |[selec % T~ [[fu[Em B W | &~ | 5 ]|

LA AP AP A AP A A, Bl

YzPlane - 3| sketent

~ #9 || < Genenate @PShare Topology [FEParameters || BBtrude goRevove @ Sweep g SkiniLoft || BThin/Suface @ Blend v & Chamfer @miSlice || @ Point B> Conversion

S ARBEACE Ak G, @
]

BladeEditor: fimportBGD {E{load BGD | S FlowPath o Blade pf Splitter Vi

port "~ Expi

# SectorCut |z ThroatArea ¥ CAD Import v | <\ Preferences

& Tangent Line

& Line by 2 Tangents
A\ Polyline
(=3Polygon
T]Rectangle
Rectangle by 3 Points
&9 Oval
@ Circle
A Circle by 3 Tangents

nt

& F 5 = (5l ML LA Y
Sketching Toolboxes
Draw
[ Line

v

/k g
z X

0oo 60.00 100.00 (mm)

2500 75.00

Wl @ Line  Click, orRelease, to define line

No Selection [Millimeter Degree

o2 a1 4
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
& part a): building the geometry — centerline of cooling pipe

FORSCHUNGSZENTRUM

» Sketching Toolboxes => Dimensions => Vertical
» Click on red axis and next on starting point of line

\ File Create Concept Tools Units View Help

I H @ | Dundo Gredo [[select[*y % [/ 0 W[ 0 Mg G B G @G O K[+ @ 2
-1 \CAEAT AT AT

zZPlane - Sketchl » 9 || < Generate @ Share Topology [EE]Parameters || [ Extrude gc foSweep g Skinfloft || @Thin/Surece @ Blend = & Chamfer WaSiice || ¢ Point B Conversion
BladeEditor: g Import B Load BGD | SPFlowPath ¢ Blade off Splitter JVistaTFExport ' ExportPoints D StageFlMMnge  # SectorCut |z ThroatArea ¥ CAD Import = | ) Preferences

&3 = (5l o - o @

Sketching Toolboxes raphi

Draw
oaty ANSYS
R16.1
& General Academic
= Horizontal
e
Radius
gniamm.
2 Angle
. . gISe!m-Aulomali:
» Details View: e
. EA!\imale
(enter exact distance) [|*
Constraints
Settings
adeling
Details View
1| Details of SketcrL T
Sketch \ |Sketch1 sz o
Sketch Visibility Show Sketch [to7
Show Constraints? \Mo
"EE [=I| Dimensions: 1 ~
£
@ EE-
E E Ed 1 0.00 50.00 100.00 {mm)
= Line | Ln7 .
E 25.00 75.00
% ||I Model View | Print Preview
i M Vertical -- Click to indicate location for Vertical dimension No Selection |Mi||ime1=r Degree
£ [ ] o r
2 150 9001:2008
= Nén:-ﬁ’d
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
& part a): building the geometry — centerline of cooling pipe

FORSCHUNGSZENTRUM

» Sketching Toolboxes => Dimensions => Vertical
» Click on both end points of line

File Create Concept Tools Ur View Help
| @] Dunde G |[seiec: *y - ([ T WA B E NG E R E QXS [[@e [
W0~ A f~ S A A AF

| vzpiane v 3| sketen \ #9 || </ Generate @@Share Topology [FE]Parameters || @ etrude  gaR Q@ Sweep 4§ Skin/Loft || @ Thin/Surface @ Blend ~ @ Chamfer @nSice | 4 Point ) Conversion
| BladeEditor: fdimport BGD LoadBG\l S FlowPath 7 Blade g Splitter g VistaTFExport ' ExportPoints [ StageFlui SectorCut |z ThroatArea (¥ CAD Import + | 50 Preferences
| R 2 = ( Elge| - - @
Sketching Toolboxes 2 Graphics
Draw
Moty ANSYS
R16.1

& General Academic
19 Horizontal -

> Details View: Qe
(enter exact distance)|f&:.

o
Details View

[=]| Details of Sketchl
Sketchl

Sketch
Sketch Visibility Nhnw Sketch

Show Constraints? Yo

[=l| Dimensions: 2 \
w1 2005 mm
[-|| Edges: 1

Line L7

> TOOIba.rS :> E Em U-UU_ 50,00 wuu‘_uu (mm) Z .

2500 75.00

Mitglied der Helmholtz-Gemeinschaft

Model View | Print Preview

@ Vertical — Select first peint or 2D Edge for Vertical dimension No Selection |Millimeter Degree o o A
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| &m0 A: Steady-State Thermal - Desi

Exercise: Cooling of electronic components
& part a): building the geometry — centerline of cooling pipe

| File Create | Concept Tools Units View Help

#))0LICH

FORSCHUNGSZENTRUM

» Main Menu => Concept => Cross Section => Circular (program will automatically leave the
sketching modus)

| 21 [l &l | * Lines From Points

|- - %) Lines From Sketches

Lines Fi Ed
symmetrypla-B inesfrom teges

4, 30 Curve

Bladeditor. o ¢ i Edges

1% B 2 @ Surfaces From Edges
Tree Outline | g Surfaces From Sketches

et [y b [ BRERL [ SRR QO E 4 e 02
22
||/ Generate .sm.ﬂu,l:gy Eperemeters || @Extude gaRevolve @pSweep g skindloft || [l Thin/Surface @ Blend v % Chamfer @ipsiice || @ Point B Conversion
= FlowPath 7 Blade Jjne. JVistaTFExport  * ExportPoints WDStageFluidZone ] SectorCut |z ThroatArea ¥ CADImport v | b Preferences
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
& part a): building the geometry — centerline of cooling pipe

FORSCHUNGSZENTRUM

» Main Menu => Concept => Line from points

» Details View:
Point Segments: Select start point (LMB) and end point (‘Ctrl’ + LMB) from line sketch
note: direction important

File Creste Concept Tools Units View Help

| B @ || i Grede [[sdect[*y G- BT R @[ &0 [ 5 || SQ PR QEQ Rt ee 2

L W~ W~ g~ fiv A A~ A AT

> TOOIbarS :> |J ..n“; Generate VzPiane v A | sketen « #3 || o} Generste @@Share Topology [E|Paremeters || .[ullu, HaRen Sweep g Skin/Loft || [@Thin/Surfsce G Blend ~ % Chomfer WipSlice || b Point H) Conversion
- < | geFluidZy

BladeEditor: fImport BGD fEfload BGD | S FlowPath f Blade o Splitter Vi p SectorCut g ThroatArea ¥ CADImport = | (@ Preferences
B F s = (Eik ~| | @
Tree Outline % Graphics
o~ Linel
[ g8 1 Cross Section
", @ Circlarl ANSYS
-, ®1 26 Parts, 29 Bodies R16.1
o Part Academic
./ @ Solid P

@ Solid
o @ Solid
vy @1 Solid
., @ Solid
@ Solid
+ @ Solid
vy 1 Solid
., @1 Solid
. @ Solid
vy @1 Solid
. @ Solid
@1 Solid
o @ Solid
vy @1 Solid
., @ Solid
@ Solid
o @ Solid
vy 1 Solid
- @ Solid

Sketching  Modeling
Details View h

= Details of Linel
Lines From Points | Linet

Point Segments |1
Operation | Add Material

¥

e g,
e n d 0.00 50.00 100.00 (mim) * A
I . z R
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Mitglied der Helmholtz-Gemeinschaft

Model View | Print Preview
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Exercise: Cooling of electronic components 4 jULICH
& part a): building the geometry — centerline of cooling pipe

FORSCHUNGSZENTRUM
(&8 A: Steacky-State Thermal
‘,}}. XY¥Plane
. _ . ‘,}}. ZXPlane
» Tree Outline => Parts, Bodies B 5k VZPlane
. b o [:Eﬂ Sketchl
» => *~ LineBody | MB o, 6 Boxt
. . g ) Freezel
» Detalils View -y @ Box2
,;'B Freeze?
Details View ‘fa Cylinderl
1| Details of Line Body - () Freezed
Body Line Body oy @ Cylinder2
Faces 0 ' «,ﬁ Freezed
Edges 1 _,h Bocoleanl
Vertices 2 ‘,h Boolean
Cross Section Circula-rl Jﬁ Box3
Offset Type Centrol:.:l g © FreezeS
ZharedtTo$ology Method Edg.ejo;‘nt; D U ' [¥ Patternl
eometry Type esignModeler J% Linel I
‘,‘ 1 Cross Section
Suppress line again, since | -y ® Circulad
. . . ‘,ﬁ 26 Parts, 29 Bodies
not needed for first simulation - e Part
. . ------- . i Selid
> Tree Out“ne —=> = Line Body N
RMB => Suppress Body - old
v‘ s ;;i;; « i Solid
r® <y 11 Solid
5 e — oy B Solid
§ .+ Select Unaligned Line Edges « ~ Line Body I
= 2 Hide Body (F9)
£ sils View @ Hide All Other Bodies (Ctrl+ F9) 7 e ———
E iody Unsuppress All Bodies : .
£ ‘aces V@ Invert Suppressed Body Set Is View
£ doges " - .aral Institute for Engineering,
5 ertices | ¥ Generate (F3)
g ross Section b Rename (F2)
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Exercise: Cooling of electronic components 4 JﬂLlCH
& part a): building the geometry — using symmetry conditions

FORSCHUNGSZENTRUM

» Tree Outline => XYPlane (LMB)
> Main Menu => Create => New Plane
> Detalls View:

Details View a
1| Details of SymmetryPlane
= (rename)
Sketches 0
Type From Plane
Base Plane X¥Plane
Transform 1 (RME] Rotate about ¥
FD1, Value 1 4 ¢
Transform 2 [RME] Mone
Reverse Marmal/Z-Axis? Mo
Flip XY-Axes? Mo
Export Coordinate System? | Mo

> Toolbars => || #Generste

Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
& part a): building the geometry — using symmetry conditions

FORSCHUNGSZENTRUM

» Main Menu => Tools => Symmetry

> Detalls View:

Details View a

[=I| Details of Symmetryl
Symmetry Symmetryl

Mumber of Planes |1
Symmetry Plane 1 [SymmetryPlane (select plane of previous step)
Model Type Full Model
Target Bodies All Bodies

ANSYS

R16.1

> Toolbars =>|| 3 Genente .

> Toolbars => H

» Main Menu => File => o
ClOSG DGSIgnMOdeler 0000 5000 10.000 (rrm) z/kx

2200, 720 Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components " j[JLICH

Y part b): defining material properties R T RSCHUNESZENTRUL

File View Tools Units Extensions Help

DEI&] /E e

lmport... ‘ ¢ Reconnect [#] Refresh Project  # Update Praject

» Double-Click on ‘Engineering Data’

SR Froject Schematic

> Notice: Only thermal conductivity is | nim— |

needed for steady-state thermal analysis | 8 :<""" — A
Explicit Dynamics 2
[ Fluid Flow (CFX) % v .

@ Fluid Flow (Fluent)

@ HarmonicResponse 4
ﬁ IC Engine = 4
Magnetostatic ? .
{f Mmodal =

L] 7 4

m Random Vibration
m Response Spectrum
[ Rigid Dynamics

Steady-State Thermal

Cooling of electronic comy

.
E=STat
File Edit View Tools Units Extension: Help

___— defined materials

' Toobox
[= Thermal

v a Jutlin of Schematic A2: Engineering Data 7' 1= "7 _ i ues Row 2: Isotropic Thermal Co v R ox '

B

1 Temperature (C) .= | Thermal Conductivity (W m#-1CA-1) =
2 f2 0.5

T8 orthotropic Thermal Conductivity

Fatigue Data at zero mean stress

comes from 1998 ASME BPV
E W structrd steel 0\ Code, Section 8, Div 2, Table 5
110.1

material property
values

Chart of Properties Row 2: Isotropic Thermal Condue _,_

available

50
. Thermal Conductivity s
properties e
5
o
‘roperties of Outine Row 3: Structural Steal | £ o
A 8 ® o|ef| &
-o(—‘; 1 Property Value Unit =13 g o
5 2 Isatropic Thermal Conductivity 60.5 wm~.. =|E|E 5
3
£ H
@ = 50
5 :
5
E 'E 40
o
=
£
£ = o = o Central Institute for Engineering,
Temperature [C] . .
3 [T View Al Custonize... Electronics and Analytics | ZEA
b5 o Ready (50 Show Progress |[% Shaw 0 Messages .:gl
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Exercise: Cooling of electronic components ' o0
& part b): defining material properties — delete standard material J J ULICH

FORSCHUNGSZENTRUM
> RMB on ‘Structural Steel’
> Delete
I\ Cooling of lectrig wrw—" P

Edit View Tools Wgg Extensions Help
- EH Project G eEngineeringData X
I Filter Engineering Data ﬁ Engineering Data SoNg
Toolbox \v a % > 0 %
|EI Thermal \ | A B
\\1 Contents of ingData .= |k Description 1 Temperature (C) .= | Thermal Conductivity (W m~-1C~-1) ~
QOrthotropic Thermal Conductivity = 5 21 50.5
= ®
z = i Add Material To Project
53 Copy
P Click here to ad w ==
material
7 Delete
24 Duplicate
%5 View Linked Source
Refresh From Linked Source
S Bresklink to5 Chart of Properties Row 2: Isotropic Thermal * o X
reak Linl ource
a0
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Default Solid Material For Model
Default Fluid Field Material For Model :" &0
5}
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Properties of Outline Row 3: Structural Stee| <E 70
Expand Al =
| Collapse All )
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& T T =l 2 so : 2
5 2 Isotropic Thermal Conductivity I 60.5 | wme,, ;llj ||:| 5
: E:
2 S
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]
o} E
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3
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E” Temperature [C]
= | T View All / Customize. .. |
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Exercise: Cooling of electronic components ' o0
& part b): defining material properties — import materials from xmi-file J J ULICH

FORSCHUNGSZENTRUM

» Main Menu => File => Import Engineering Data ...
» Select ‘Material Properties.xml’

» Notice that for Carbon Fiber Laminate an orthotropic thermal conductivity is selected
=> medium conductivity in fiber directions, low conductivity perpendicular to fiber directions

» Returnto Project-Sheet:'
> TB:

.
I\ Cooling of electronic - (=&

Fie Edit View Tools MUnits Extensions Help

I ['H pro¥ct / @ A2:EngineeringData %

[ Fiter Engineering Data ) & Data Sources
7 x b SIEREY Tabe of Propert Orthotrapic Therma LR

= Thermal A 8 |c b A 8

| {8 IsotropicThermal Conductivity 1 Contents of Engineering Data & | Fal) Description 1| Tenfliatie @ £ nmmmvét}\)hmmmmkl =
2
3 % Carbon Fibre Laminate [&] f I 0 1
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\ T Ceramic [
6 Stainless Steel [
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- R x
15
ty Xdirection e
. 1
¢
R E
7
E
= 12
Properties of Outline Row 3: Carbon Fibre . mﬁ\‘e v 3 x :
& B € R
_(:‘j 1 Property Value Unit e3[R E
E 2 |B % orthotropic Themal Conductiy [&] 4 S [ D S
g 3 Thermal Conductivity X drection W | 10 weeen =[O JO)] 2
5 4 Thermal Conductivity ¥ direction 0.5 wmr. = |0|| 3
E 5 Thermal Conductivity Z direction 10 e
£ E
£ I
T . ering,
‘%_’ ZEA
o 5
k]
g (v View Al Customize.... | Temperature €]
& Ready (i Show Pragress. ]!
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
& part ©): simplified thermal simulation ‘

a Cooling of electronic components -

FORSCHUNGSZENTRUM

|| Fle View Tools Units Extensions Help
EH Project |

| Sy Reconnect |4] Refresh Project # Update Project

> Double-Click on ‘Model’

Toolbox > o X N tic

|E nalysis Systems |
Design Assessment

Eigenvalue Buckling

Electric

Explicit Dynamics

Fluid Flow [CFX)

Fluid Flow (Fluent)

Harmaonic Response

IC Engine
Magnetostatic
Modal

Random Vibration

Steady-State Thermal

File Edit View Units Tools Help ) <iSolve v 2/ShowEmors T [ & @~ W orksheet ix Response Spectum
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(& Project
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(- (1 Named Selections
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-9l Solution (A6)
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Cantrel |Enabled

Lighting
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Diffuse |05 100.00 ()
= Specular |1
© 25.00 78.00
ﬁ Color
g Geometry A Print Preview ) Report Preview/ |
@ Messages 7 x
E [ [Text [ Association [ Timestarmp.
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I
o
=
£
T Central Institute for Engineering,
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Exercise: Cooling of electronic components , o0
Y part c): simplified thermal simulation — assigning materials J JULICH

FORSCHUNGSZENTRUM

» LMB on one Solid (or mark all Solids with identical materials)
» Details View => Material => ASS|gnment => choose material for marked solid(s)

File Edit View Units Tools Help || @ | sove ~ 2shofferors t [E [0 4 (4] (@] Brwonsneer iy
TANE-CRERER &% »:*@a\@q Tr@e %0
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WM Edge Coloring v £+ A~ A+ A~ A~ A |l I-Thicken Annotations

| Geometry G virtuzl Body | LPointMass W Distributed Mass sk Element Orientation i Thermal Point Mass  weliThickness  welmported Thickness Wi Layered Section | B |

I |81 Message No Selection |Metric (mrm, kg, N, 5, mV, mA) Degrees rad/s Celsius /]

Outline 2
| Filter: Name - [ A
) Project B
B (g Model (Ad) F|
-9 Geometry
ol Part
g 1 Solid
[ 3k Coordinate Systems
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/8 Connection:
£l le: ok
" n ¥
] Graphics Pr
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Coordinate System Default Coordinate System 0.000 4.000 5.000 (rarm) 7 ¥
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= Material
Nonlinear Effects Yes = -
Thermal Strain Effects | Ves t."*‘) Mew Materigl...
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£ I
@
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.E EEEXTFE @
I .
T Stainless Steel
o
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o
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Exercise: Cooling of electronic components
& part ©): simplified thermal simulation — check assignment

#))0LICH

FORSCHUNGSZENTRUM

» Outline => Model => Geometry (LMB)
» Details View => Display Style => Material

| File Edit View Units Tools Help |J @ | Jisohe v /ShowErrors T » [ v (37 Worksheet iy
(T Y R-REEY S STaAqagac Eags o O
| 7 Show Vertices  #9Wireframe | DESH!MESH s Bl Random Colors % Annotation Preferences | [, 1, [,
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A
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Length Unit Meters / S LI
Element Control | Program Co r#u lled s Geometry APrint Preview) Report Previen/ ‘
R x
Display Style Material - | [Text [Association [Ti

Bounding Box

Properties

Statisti

F F [+ #H

Basic Geometry Options

[+

Advanced Geometry Options

Georgian German Science Bridge — Autumn Lectures 2015.10.12.-

Seite 36 von 99

i

‘Warninc [ Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate

Thursday, September 03, 2015 2:06:10 P

| |81 Message

Mo Selection

[Metric (mm, kg, N, 5, mV, m&) Degrees rad/s Celsius /]

13. J. Wolters — ZEA-1

Engineering und Technology | ZEA-1
Technology for World-Class Research



Exercise: Cooling of electronic components 4 JﬂLlCH
& part ©): simplified thermal simulation — meshing remarks

FORSCHUNGSZENTRUM

> Notice: A good mesh quality is needed to obtain good results

» Meshing with standard values can lead to an insufficient mesh quality (here scewness for full
model)

File Edit View Units Tools Help |J @ i | isove v ?/ShowEmors T d » [~ [ Worksheet ix,
RAYTER--EREER &SRR QAR m@s © O

P Show Vertices g8 Wireframe | © 50w esh 2kl Random Colors 57 Annotation Preferences | 1, 1, [,
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Exercise: Cooling of electronic components
S part ©): simplified thermal simulation — meshing
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Exercise: Cooling of electronic components
S part ©): simplified thermal simulation — meshing
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Exercise: Cooling of electronic components
S part ©): simplified thermal simulation — meshing
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Exercise: Cooling of electronic components 4 JﬂLlCH
S part ©): simplified thermal simulation — meshing

FORSCHUNGSZENTRUM

> Toolbars => %~ @ : Select pipe => RMB => Generate Mesh on Selected Bodies

(%) A : Steady-State Thermal -

| File Edit View Units Tools Help i Solve v 2/ShowErors F@ il r )~ (Frworkshely in

FATE-CEERR @SN AR QEQ QR neE s O \

A Show Vertices  #0Wireframe | T Show Mesh sk bl RandOLolors ) Annotation Preferences | 1, 1. [, \j 2t (JeReset ExplodeFactor f——————————— assembly Center -
WM Edge Coloting v A~ A~ A~ A~ A+ A || |-IThickMgonotations \

Mesh 2} Update | B1Mesh v @ Mesh Control v @1 Mesh Edit v | [/ ggph | [Frobe | B @ | @~

Outline r

| Filter:  Name - [ .

2= o~ ANSYS

B @] Model (a4) : —
A Geometry Academ

sk Coordinate Systems

A Edge sizing

A, Face Sizing

i Sweep Method

1 Named Selections

B9 stgadv—state Thermal (A5)
TR

/720 Tnitial Temperature 4
7N Analysis Settings
E-g(83] Solution (A6)
#{¥] Solution Information

Insert
GoTo

/ P Generate Mesh On Selected Bodies
"7 Preview Surface Mesh On Selected Bodies
( ] Clear Generated Data On Selected Bodies
Parts v v

@ Hide Body (F9)
@ Hide All Other Bodies
Q Filter Tree Based On Visible Bodies

0.000 Lol —
_:J Suppress Body

1500 Suppress All Other Bodies

Geometry £ Print Preview j, Report Preview/ @ Isometric View ]

Set
lessages = *x
= [ass *3° Restore Default ==
@), Zoom To Fit (F7) rsday, September 03, 2015 2:06:10 P\

38 Image To Clipboard (Ctrl+ C)

Cursor Mode
View
0.000 1000 2,000 (mm) 2 X #9¥ Look At

k. Create Coordinate System
Create Named Selection

Mitglied der Helmholtz-Gemeinschaft

Select All (Ctrl+ A)
Controls
|81 Message |1 Body Selected: Volume = 125.35 mm* [Metric (mm, kg, N, s, mV, m&) Degrees rad/s Celsivs |

i e

2 840000 Management

;“" |:. -:] E:;“m:zm

E 003 004

== EHement Metrics. www tuv.com
Georgian German Science Bridge — Autumn Lectures 2015.10.12.-13. J. Wolters — ZEA-1 Engineering und Technology | ZEA-1

Seite 41 von 99 Technology for World-Class Research



Exercise: Cooling of electronic components ’ o0
Y part c): simplified thermal simulation — meshing J ;!gH!:G!ngHM
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Exercise: Cooling of electronic components
S part ©): simplified thermal simulation — meshing
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Exercise: Cooling of electronic components
S part ©): simplified thermal simulation — meshing

#))0LICH

FORSCHUNGSZENTRUM

> Try to modify number of elements along vertical lines by your own ©
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Exercise: Cooling of electronic components ’ o0
& part ¢): simplified thermal simulation — meshing J J ULICH

FORSCHUNGSZENTRUM

> Note: All bodies in a part are automatically connected and share nodes at the interface

» The mesh of the electronic components is different from the mesh of the subjacent laminate,
here the software automatically generates contact elements (bonded contact)
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
Y part ¢): simplified thermal simulation — boundary conditions o RCHUNES e TRU
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Exercise: Cooling of electronic components or
Y part c): simplified thermal simulation — boundary conditions and solution J JULI CH

FORSCHUNGSZENTRUM
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Exercise: Cooling of electronic components
& part ©): simplified thermal simulation — post-processing
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[, 3k Coordinate Systems
-, Symmetry
B, Connections
] Contacts
£ M Mesh
- M, Edge Sizing
- BB, Face Sizing
- AT Sweep Method
B Face Sizing 2
B, Edge Sizing 2
B 1 Named Selections
E-,/=] Steady-State Thermal (A5)
JTE:E Initial Temperature
J:/;"}l Analysis Settings
_,‘ﬂ Internal Heat Generation
/] Convection

=- Solution (A6) =

we | ¥ Solution Inform) Thermal L/l Temperature

] Clear Generated Data Probe »| . Total Heat Flux
alb Rename (F2) ¥, Directicnal Heat Flux
»

Coordis Systems

B, Error

[ Group All Similar Children

Academic
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B, User Defined Result
4 Open Solver Files Directory B Commands
Warksheet: Result Summary =_
0.000 5.000 10,000 (mm) - %
| ]
Details of "Solution (A6)" L2 2
1| Adaptive Mesh Refinement A Print Preview  Report Preview/ ]
Max Refinement Loops [
Refinement Depth |2 Graph * Tabular Data b
(=l Information 1. Time [5]
Status [Dane 11
% [=|| Post Processing
ﬁ Calculate Beam Section Results |Nn
£
@
£
@
O T T T T T T T
Q Manage Views 1 x 0. 0125 0.25 0375 0.5 0625 0.75 0875 1.
£ & X o2 @ al a fs]
f | Mssagé\ Graph
o
k3 I | 1@ 3 Messages Mo Selection [Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius /|
=
2
2
=

Management
System
150 3001:2008
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0 S100811a54
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Exercise: Cooling of electronic components
Y part ¢): simplified thermal simulation — post-processing o RCHUNES e TRU

#)0LICH

> Outline => Steady-State Thermal => Solution => RMB Evaluate All Results

| File Edit View Units Tools Help H @ i | Solve v ?/ShowErors F@ 4 [~ W orksheer iy

(TP R RERRE S-S AR g2 o O

| 5 ShowVertices #@Wircframe | TShow Mesh sk B Random Colors & Annotation Preferences || 1., |1, |1, J 3 (eReset EBplodeFador f———————— sembly Center -

| WMEdge Coloting v £~ A~ A~ A~ A~ A || I-IThicken Annotations

| Solution | @ Thermal = | %R Probe + | 8, User Defined Result | %, Coordinate Systems = Bt

| Fiter:  Wame -
Project
B g Model (A4) iﬁ'l
- i Geometry Academic
/2 Coordinate Systems
Symmetry
A8 Connections
- Jd] Contacts

B, Mesh

i M, Edage Sizing

-8, Face Sizing

- B Sweep Method

i 8L Face Sizing 2

b S Edge Sizing 2
B 1 Named Selections
B, {=] Steady-State Thermal (A5)
/T2 Initial Temperature
- 7N Analysis Settings
¢ Internal Heat Generation
ﬁl Convection
B}/ Solution (AG)

i, /4] Solution Information

M-E-E-F

e
Insert
j Evaluate All Results
Suppress
Bé Duplicate
Bi Duplicate Without Results
Copy
Details of "Temperature” & Cut AN SYS
E)| Scope ] Clear d Data —Rlﬁ'l
Scoping Method ‘Geometry Selecti % Delete M
Geometry | All Bodies b Rename (F2)
=I| Definition
alb Rename Based on Definition
Type
By Time ] Group
Display Time Last (2] Group Similar Objects
Calculate Time History | Yes T
Identifier |
Suppressed No |+
Manage Views R x
| X o2 D @ w &

‘ Masagéx Graph
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Exercise: Cooling of electronic components
% part c): simplified thermal simulation — adapted boundary conditions J J U LICH

FORSCHUNGSZENTRUM

» Main problem of current solution:
heating up of helium while passing the pipe is not considered but is important in this case!

» Possible options:
=> modify ambient temperature in convection boundary condition by analytically assessing
the temperature rise in the helium (for this S|mple case possible)

@A Steady-State Thermal - Mechanical | [ANSYS Academic Reseal(h] P —_— . L_J L_‘_‘_J‘:' =] 2
File Edit VEwUllSTkHlpH =i | <) Solve 745|.aws.m.sﬂ[§m¢.- W orksheet  in,
® 4 B kv@lﬁ.lﬁa'\u Paaamaamngs o0

|| & show Vertices  gRWireframe | TshowMesh & B Random Colors 2> Annotation Preferences | 1, 1, [ |J #1 (eReset ExplodeFactor |~ Lssembly Center
WM Edge Coloring » £~ A~ A~ A~ A~ A || |IThicken Annctations

|| Environment t By Temperature (g Convection (@{Radistion g Heat Flow fete - @y Conditions ~ | B | [ Variable Data ~ |t [0 /v

Outline 2 -
ol Fitter: Hame - ’
Project AN§1Y651
| 2 (8] Model (ag) 0.
Academic

/8 Geometry

¢4 Coordinate Systems

Details of " Convection’ 2
= Scope
Scoping Method | Geometry Selection
Geometry [1Face
= Definitior
Type Convection
i

46003 W/mm?<C_(ramped)
¢ | Tabular D:
Program Controll

No
Ambient Temperature

0.000 10.000 20.000 {mm)

| Variable |2 1

| |coordinate system | Global Coordinate System 5000 15.000

= Graph Cor

Yos Iz Geometry {Print Preview) Report Preview, ]
Graph B Tabular Data
4 ews o L Z [mm] [[vAmbient Temperature
< Manage Vi il e 1|20, 2. ’
= | & X o2 @ el 5 2]o. 2,
g Total E 30.4 3]|200. (338
k= i 25 4200, (338
£ E 2 g
g ‘Section Planes. 7 x -
§ 22
o} EEERD -
_5 ! < -266. -200. -100. 0. 100. 200. 306.
2 Z [mm]
g i M Graph
. Messogis G . . .

T or 9‘ = [ _ pTT——— — y Central Institute for Engineering,
= = o Selection rie (mm kg, N, 5, m,mA)_Degrees_rad/s_Cesis ) X 5
o —— = £ Electronics and Analytics | ZEA
= . . . . .
2 —
- => d) more precise simulation using fluid elements
g
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(| File View Tools Extensions  Help

SI (kg,m,s,K,A,M,V)

dlmport... | +pReq
I Toolbox
Design Assessmen

Eigenvalue Bucklin
Electric

Mef

ne,mm,

Metric (kg,m,s,*C,A,M,V)

MAN, mv)

U.5.Customary {bm,in,s,*F
U.5.Engineering (Ib,in,s,R A, lbf,v)

A IbE V)

DesignModeler Unit System (m, degree)
DesignModeler Unit System {(mm, degree)

-
| {\ Cooling of electronic components - students license - Part ¢ - solved with tabular ambient temperature - Workbench

Exercise: Cooling of electronic components
S part d): simulation with fluid elements — solver units

» Main Menu => Units => select ‘Metric (tonne,mm,s,’C,mA,N,mV)’

JULICH

FORSCHUNGSZENTRUM

Explicit Dynamics
Fluid Flow (CFX)
Fluid Flow (Fluent.

~  Display Values as Defined
Display Values in Project Units

Harmonic Respons

Unit Systems...

IC Engine

Magnetostatic

Modal

Random Vibration
Response Spectrum
Rigid Dynamic
Static Structural
Steady-State Thermal

Thermal-Electric

Transient Structural
IB Transient Thermal
@ Turbomachinery Fluid Flow

|E| Component Systems

ACP (Post)

Ay ACP (Pre)

@ Autodyn

BladeGen

&
@ R
&
i}

CUaeee

m

2

Engineering Data

Explicit Dynamics (L5-DYNA Export)
External Data

External Model

Finite ElementModeler

Fluent

Fluent {with Fluent Meshing)
Geometry

ICEM CFD

Mechanical APDL

Mechanical Moddl

Mesh

Microsoft Office Excel

Results L4

o

@5 solution v 4

~

@ Results +
4

Steady-State Thermal

* 0 X o

*ox I

Property

Component ID

Value

Setup

Blolo|w|o|n|s|w|n -

Directory Name

Notes

5YS

Last Update Used Licenses

Physics

Thermal

-
=

Analysis

Steady-State

I

Solver

Mechanical APDL

=

System Coupling

Type

Date Modified

Location

Turbo Setup
TurboGrid

Cooling of electronic components - studef

Workbench Project File

07.10.2015 14:50:33

D:\Projekte000_Sonstiges\German Georgian Science Bridge \Berechnungen

Vista AFD

EngineeringData. xml

AZ

Engineering Data File

07.10,2015 14:50:33

dp0iSYS\ENGD

®
®
=
=
@
»
A
®
@
&
@
@
&
-
-

Vista CCD

5Y5.agdh

A3

2MB

Geometry File

07.10.2015 13:55:29

dp0isYS\DM

-

material.engd

AZ

Engineering Data File

07.10.2015 13:55:18

dp0I\SYS\ENGD

| T view All { Custamize. .. |

[- R R IV T

5YS.engd

A4

Engineering Data File

07.10.2015 13:55:18

dpd'global\MECH

-

@ Double-click componentto edit.

(7| Show Progress ﬁSIWWOMesages i
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Exercise: Cooling of electronic components
& part d): simulation with fluid elements — new project

JULICH

FORSCHUNGSZENTRUM

» Project Schematic => Project A: Steady-State Thermal => RMB => Duplicate

u Cooling of electronic c

p

| File

Tools

View

ﬁ]lmport... | +@ Reconnect

Units

/ EH Pro_]ect."-

Refresh Project - Update Project

Extensions  Help

IEAnalysisSysbaTs
v Design Assessment

Eigenvalue Buckling

Electric

M BExplicit Dynamics

Fluid Flow {CFX)

Fluid Flow (Fluent)

=

ﬂ Refresh
<  Update

6 Engineering Data

A

» Open ‘DesignModeler’

b

1

2

3 ﬂﬂ Geometry
4 ﬁ Model
5

]

7]

HERRE

/Qa Duplicate
. Harmonic Response
(double-click on Geometry)|f & cen @ow | e
1] Magnetostatic Solug v Clear Generated Data
ﬂ_ﬂ Madal esults | % Delete
filj RandomVibration
fily ResponseSpectum Steady-State Thermal Rename
ﬁ Rigid Dynamics Properties
[ Static Structural add Note
B Wl _cteadv-State Thermal
I\ Cooling of electronic components - Solution - Workbench n - - SRS J
File View Tools Units Extensions Help
[H project
&) Impor ¢ Recornect [2] Refresh Project 7 Update Project.
oolbo: v BX rax 7 ox
7
DesignAssessmert.
Eigenvalue Buckling & & < B
18 Electric 1 1l
Flid Flow (CFX) = g —— =i
(5 Fluid Flow (Fluent) 3@ Geonery v 3|@ seontay v a A B C D =
- il @ v v 48 e vl
% 1cengine 5 @ setup v 4 5 @ setwn F 4 1 Mame | Ce... | Y| Sizée | T Type
Hesnetose § @ souton V4 & @ sobton T4 2 A Cooling of electronic compenents - Soluti 412KE | Workbench Project File =
1] :“";‘ - 7| @ Resuls v . 7 @ Rests 7 4
| % ceeponee pecm Steady-State Thermal Copy of Steady-State Thermal 3 @ engnesringbata xml A2 6KB | Engineering Data File
& RgidDynanic 4 | @ 5vS.agdb A3 2MB | Geometry File
B staticStructural = " - "
| @ Steody-State Thermal 5 i material.engd AZ 7KE | Engineering Data File
Thermal-Electric 6 ﬁ 5Y5.engd A4 7KB | Engineering Data File
Transient Structural
E Transient Thermal 7 @ 5v5.mechdb A4 13MB | Mechanical Database File
CTurhnmatthSmn:yF\mdF\nw z ﬁ e = Engineering Data Fie
@ Componentsystems 4

Custom Systems

o
Customi: 4 1

=
1

esign Exploration

=
5]
-
3]
@
=
@©
£
& TR X ot e
7 it e e e " . . . - asystemto reuse componentsand exchange data.
% [ 1 Name v | Ce. v | See ~ Type = §
= il 2 |\ Cooling of electronic components - Solt] 412KB | Workbench Project File =
g 3 |6 | A2 6KB | Engineering Data File
@ - . .
T | @0 B z585] [y Central Institute for Engineering,
P 5 | @ material.enod A2 7KB | Engineering Data File 1 A
K] s @ srs.ena ns 748 | Engiearing Data Fie Electronics and Analytics | ZEA
Lo 7 | GD SYs.mechdb A4 13MB | Mechanical Database Fie
@ s |G matmalensd 51 | Ergneerng bata e J e [=] =
2 T View All[ Customize. . | [« | § i ] 5 - 1509001:2008 N
= 8 Ready [E1show progress | [Ashow 2 essages | -
epte
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Exercise: Cooling of electronic components ' o0
& part d): simulation with fluid elements — activate center line of pipe J JU LICH

FORSCHUNGSZENTRUM

» Tree Outline => Parts, Bodies => Line Body => RMB => Unsuppress Body
» Main Menu =>

File =>

Close Design Modeler

File Creste Concept Tools Units View Help
AHBE[@ ]| D G [sdec[y W [RGB @ 6 E]S ARG QY
WM~ A v A A A A
| ovpiane v e | Mone - # || < Generate @PShereTopology [EParemeters || EBtrude gRevolve lmeep § Skinfloit || @Thin/Surfece @ Blend v & Chamfer @islice || @ Point B Conversion
| BladeEditor: ffimport BGD {EfLoad BGD | S FlowPath ¢ Blde o Splitter VistaTFExport “~ EsportPoints mDStagghflidZone g SectorCut s ThroatArea ¥ CADImport + | ) Preferences

| & 2 = (Bl
Tree Outline

B Patternl

L Linel

A ANSYS
b Symmetry1 R16.1
@8 1 Cross Section Academic
[, 14 Parts, 17 Bodies
- 0 Part

AFNCERE

- 15 Solid
-y 1 Solid
& Solid
- 61 Solid
1 Selid
1 Solid
- T Solid
. &1 Solid
1 Salid
-y [ Solid
. & Solid

Sketching  Modeling

Details View
Details of Line Body
Body .
Faces = Generate (F5)
Edges dlb Rename (F2)
Vertices
Cross Section

All Bodies
1@ Invert Body Set

Circularl
Centroid

Offset Type
Shared Topology Method | Edge Joints
Geometry Type Desi

¥
0.00 50.00 100,00 A
I . e I %
25.00 75.00
Model View | Print Preview
e 1Body |Millimeter Degree b A

Central Institute for Engineering,
Electronics and Analytics | ZEA
Management.
Syster

m
150 9001:2008
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et com
1D 310861138
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Details of "Line Body"

» Project Schematic
» Outline => Project
» Detalils View

Exercise: Cooling of electronic components
& part d): simulation with fluid elements — activate center line of pipe

=> Project B => double-click on ‘Model’
=> Model => Geometry => Line Body => LMB

#))0LICH

FORSCHUNGSZENTRUM

Graphics Properties

o 4 [~ @sorkshzer dn
RAYE - VCERRER/ S-S ARAEARE A o O
P Show Vertices  #BWireframe | % 5how esh sk B Random Colors % Annotation Preferen 110 H 2t (eReset ExplodeFactor |~ assembly Center -

[=1| Definition

WM Edge Coloring ~ A~ A~ A~ A~ A~ A || |+IThicken Annotations

|| Suppressed

Ma

| Geometry G irtual Body | S Poirt Mass 9 Distributed Mass 3k Element Orientation

Coordinate System

Default Coordinate System

Mitglied der Helmholtz-Gemeinschaft
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Reference Temperature | By Environment
Offset Mode Refresh on Update
Offset Type Centroid
Model Type Eeam

[=1| Material
Assignment Stainless Steel
Monlinear ﬁects Yes
Thermal Strain Effects | Yes

Bounding Box

Properties

+| Statictire

(Note: Assignment not important
for calculation but a material
has to be selected)

Bl (@] Model (B4)
E-o%a Geometry
A Part
(@ Solid
(@ Solid
(@ Solid
s 0 Solid
- 8 Solid
o 8 Solid
- @ Solid
. @ Solid
(@ Solid
(@ Solid
(@ Solid
s 0 Solid
-+ * Line Bodk
Bl Coordinate SyMems
s} Symmetry
i
E

- &1 Connections
- Mesh
Lo B, Edge Sizing
/M, Face Sizing
i, M Sweep Method
o S, Face Sizing 2
o JBL, Edge Sizing 2
B @) Named Selections
B2 Steady-State Thermd
© 2% Initial Temperature
gl Analysis Settings
+/M, Internal Heat Generat
Details of "Line Body"
[ Suppressed No

Outline [
|Filter:  Name - {
=] Project o

0.000

L Thermal Pointass  wgliThickness  wglmported Thickness WllLayered Section | & |

2500

5.000 10.000 {rm)

7.500

Coordinate System Default Coordinat§system

Reference Temperature | By Environment

Offset Mode Refresh on Update W

Association

Timestamp

Offset Tyne Centroid

Model Type Beam \

=1 Material

Nonlinear Effects Yes

* By New Material...

| Thermal Strain Effects | Ves

Manage Views

B Import...

%, Carbon Fibre Laminate

XD Dala

Carbon Foam

Total

B, Ceramic
Stainless Steel

Warninc | Mass properties (volume, surface are, centroid, moments of inertia) may be inaccurate

Friday, September 04, 2015 10:01:47 AM

P

|8 1 Message

No Selection

[Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius /]
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Exercise: Cooling of electronic components ' 4 JﬂLlCH
Y part d): simulation with fluid elements — meshing LS SN TR

» Outline Mesh
> Toolbars => %~ [@® select center line => RMB => Insert => Sizing

() B : Copy of Steady-State

File Edit View Units Tools Il i | fselve v 7/ShowEnors T i (Wyorksheet in,

FANE CEERRBER @ SCARAERAENTS ©
N\
N\

5 Show Vertices @8 Wireframe | 7 5o 14250 sk Bl Random Colors 5 Annotation Preferences | 7, T [, |] 2f (eReset Ewplode Factor  f—————————————— assemply Center -

Bl Edge Coloring ~ £~ /A~ A~ A~ A~ A |-| |-l Thicken Annotations

Mesh =/ Update | tpMesh ~ @ Mesh Control ~ @@ Mesh Edit = | [ iietnc Greph | [mpobe | F o | @0~
Outline 7
| Filter: name - |
Project o
= [&@] Model (B4)

<

&
w
-3
m

» @ Salid

<y Line Body

2k Coordinate Systems [

Symmetry

/B Connections \ Preview Surface Mesh On Selected Bodies 6@ Match Control

- :\;sh Y ] Clear Generated Data On Selected Bodies @a Pinch

- A, Edge Sizing
L Face Sizing
/B Sweep Method
A, Face sizing 2

Frine Si \ @ Hide All Other Bodies
. . Details of "M Ll Q Filter Tree Based On Visible Bodies
ES
. =" J
» Details View: e @ Sy
2,000 {mrr) 74 %

1, Contact Sizing
& Refinement

B Selected Bodies

Parts 3 Node Merge Group

B> Node Merge
Hide Body (F9)
@ ) &, Node Move

E‘ Defaults Suppress All Other Bodies
Fhysics Preference | @ Bsometric View
- n - n == [ Relevance lo =a
Details of "Edge Sizing 5" - Sizing q s Pt Prevew Report Frevie/ F pere Do ‘
i Messages som To #x
= S[ﬂ‘pﬂ Patch C ing Options [ TTet QB [Timestamp
- - Patch Options Warning| Mass properties (volume, surface area, centroid, mom €28 Image To Clipboard (Ctrl+ C) Friday, September 04, 2015 10:01:47 AM
Scoping Method | Geometry Selection | Advanced Coreor Mode
Geometry 1 Edge == .
] | Definition K Create Coordinate System
_‘c": | Erere i 7 x #9 Create Named Selection
g SUDDFESSECI Mo Bl & Select All (Ctri+ A)
@ .
£ Type Element Size Tol \
Q o e Selected: Length = . mm. ric m! egrees rad/s Celsius
8 M Element Size AT ]
o
£ Behavior Soft
E . . - . .
T Bias Type Mo Bias Central I_nstltute for En_gmeermg,
g Electronics and Analytics | ZEA
E Management
= System
2 150 9001:2008
=
e
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Exercise: Cooling of electronic components JﬂLlCH
& part d): simulation with fluid elements - commands

FORSCHUNGSZENTRUM

Meshing the center line of pipe with fluid elements and assigning material properties:
» Outline => Geometry => Line Body => RMB => Insert => Command

| File Edit View Units Tools Help H 9 - :;’swe ~ 74 Show Errors T

(R A"h AR R S ST A amacRngs e 0/

| 7" Show Vertices  #gWireframe | Ty Show Mesh sk I Random Colors 505 Annotation Preferences | [, 1, [, I H #1 (eReset ExplodeFactor | Assembly Center
| W EdgeColoring » A+ A~ A~ A~ A~ A |+ |- Thicken Annotations

| Geometry Giivirtual Body | K Poirt Mass 8 Distributed Mass >k Element Orientation %, Thermal Point Mass s Thickness glTmported Thickness  WliLayered Section | B |

Qutline

£-,/&8 Geometry
(- 8@ Part
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
@ sold
RN Line Body | * S

5 ./}’i Coordinate Systems ,3\ Element Orientation

&
o | vy & o ——
E

-8 Connections
=1, A8 Mesh =} Generate Mesh
/B, Edge Sizing
. Face Sizing Preview
Sweep Method

ﬁ FaceSzng2 | ¥ Hide Body (F9)
B Fdomsizinn | (D Hide All Other Bodies

Details of "Line Body"

= B
Graphics Properties S"pplss A:)Idoylh .
o Defnition uppress er Bodies P,

| Suppressed Mo Update Selected Parts ]

Coordinate System Default C

Reference Temperature | By Enviro g Create Named Selection
=
E Offset Mode Refresh o @ Clear d Data
3} Offset Type Centroid
a dlb Rename (F2)
£ Model Type Beam i =
@ .
£ Material (] Group Celective body meshing is not being recorded, so the meshing may not be persister Project>Model> Geometry>Part Friday, September 04, 2015 10:21:30 AM
2 Assignment Stainless Steer Warning| The global min size has been replaced by the mesh size of a premeshed edge orface wt Project> Model> Geometry>Part Friday, September 04, 2015 10:21:30 AM
o}
q Nonlinear Effects Yes Warning | Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate Fridlay, September 04, 2015 10:01:47 AM
% Thermal Strain Effects | Ves
= ling Box
£ B -
H roperties
T Statictire
g Manage Views
3 | & X =
2 Tetal
=

‘ ‘[9 3 Messages Mo Selection |Mel|ic (mm, kg, N, s, mV, mA) Degrees rad/s Celsius )
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Exercise: Cooling of electronic components
& part d): simulation with fluid elements - commands

JULICH

FORSCHUNGSZENTRUM

» Outline => Geometry => Line Body => Commands (APDL) => RMB => Import ...
=> ‘LineBody-Commands.txt’

File Edit View Units Tools Help H @ =i | fsolve v /ShowkErors T [ & (@)~ @ worksheet iy
= Wz = e =0 = @
FRAYTHE CREEBIE &S PARA QAALE NEE | O
5 Show Vertices  @g Wireframe | % Show ek sk B Random Colors 7 Annotation Preferences | 1, 1, [, / H 21 [eReset ExplodeFactor  f————————— assembly Center -
W Edge Coloring ~ A~ A~ A~ A~ A~ A I hicken Annotations )y 4
Commands L
! Commands inserted into this file will be execut just after material definitions in /PREP7.
! The material number for this body is equal o e parameter "matid”.
! Active UNIT system in Workbench when tl object was crested: Metric (mm, kg, N, s, =V, md)
| NOTE: Rny daca thar requires unics g@Pn as mass) is assumed to be in the comsistent solver unit system.
' See Solving Units ingffe help system for more information.
@ Solid !mesh
& solid ET,matid, £luid1l6
v solid [KE¥OPT,matid, 1,1 D degrees of freedom only (no pressure)
e ol KEYOPT,matid, 2,1 12 nodes and convection informatien passed to SURFISZ
By ™ Line Body ED=1.5 draulic diameter in mm
Command - lerass section in m
-2k Coordinate Systems IR, matid, hydraulic 4 ter,cross - ber of £law ch 1s ,,,
=2} Symmetry
-, @ Connections _634e-12 Ihelium density in t/mm®
i s .
- A Mesh helium specific heat capacity in mm®/E/s
/B, Edge Sizing Suppress
- AL, Face sizng
Sweep Method BX% Dupli
A Sweep Methe B2 Duplicate
g
Details of "Commands (APDL)" Copy
= File & Cut
File Hame | D:\Projekte\000_Sonstigd % Delete
File Status | All data current b Rename (F2)
£ Definition db Rename Based on Definition
suppressed | No
Target | Mechanical APDL
=l Input Arguments.
ARGL
ARG2
ARG3
ARG4
ARGS
ARGE
ARGT
. Graphics. Commands
ARGE
ARGY Messages 1 x
e 2 x| [Text e T

Warnine | Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate

Wednesday, October 07, 2015 2:55:30 PN

Mitglied der Helmholtz-Gemeinschaft

e [oSelection [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s _Celsius y
Management
System
180 9001:2008
ZERTIFIZIERT www tuv.com
o
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Exercise: Cooling of electronic components 4 jULICH
& part d): simulation with fluid elements - commands

FORSCHUNGSZENTRUM

the following commands were imported:

Imesh

ET,matid,fluid116

KEYOPT matid,1,1 ITEMP degrees of freedom only (no pressure)

KEYOPTmatid,2,1 I2 nodes and convection information passed to SURF152

HD=1.8 'hydraulic diameter in mm

CS=3.14159*1.8*1.8/4 Icross section in mm

R,matid,HD,CS,1 IR,matid,hydraulic diameter,cross section,number of flow channels ,,,
I material

mp,dens,matid,1.634e-12 helium density in t/mms3

mp,c,matid,5.2e9 Ihelium specific heat capacity in mm2/K/s?

Notice: In principle ANSYS Workbench will consider units — but when using commands in
Workbench the user is responsible to enter all values in the correct unit system!

If you run the same simulation using the SI-Unit-System (m, kg, s, V ...) in Workbench you will
get incorrect results.

Central Institute for Engineering,
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» Mesh geometry

- first mesh pipe
- then mesh foam

Mitglied der Helmholtz-Gemeinschaft
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- then generate comple

sequence like in part c)

62) B : Copy of Steady-Sta

te mesh

Exercise: Cooling of electronic components
& part d): simulation with fluid elements — meshing

| File Edit View Units Tools Help |J @ | jsove v 7/ShowErors T WE Y ] v [ Workshest in

#)0LICH

FORSCHUNGSZENTRUM

(T4 R vEERAR @ S ¢AQR | & FHQAEags o0

Show Vertices  §8Wireframe | 73 5o ek A Bl Random Colors 5 Annotation Preferences | 1, T, [,

H #1 [eReset ExplodeFactor  f—————————— Ascembly Center -

@Mesh Edit v | [\ Metric Graph | EFrobe | m |

| Filter:  Name -
Bl ] Symmetry
B, Connections
B,/ Mesh
- A, Edge Sizing
A Face Sizing
i Sweep Method
o M, Face Sizing 2

B, Edge Sizing 2

- B, Edge Sizing 3
/B, Edge Sizing 4

o B, Edge Sizing 5

B~ B Named Selections

Details of "Mesh"

/A Sweep Method 2

E-#[=] Steady-State Thermal (85)
v /720 Initial Temperature

VN Analysis Settings

,:,} Internal Heat Generation

=1 Display

Displaystyle | Bady Colar

=1| Defauits

Physics Preference | Mechanical

| Relevance [0

Inflation

+I| Patch Conforming Options

atch Independent Options

Manage Views

T x

| oloring = A~ A~ A~ A~ A~ A |l I-IThicken Annotations
| Mesh <} Up B Mesh + L Mesh Contral ~
Outline o

0.000

10.000

ANSYS
R16.1
Academic

20,000 {mm)

5.000

15.000

ry A Print Preview ) Report Preview,/

Messages

Text

Asseciation

RS TE

Info | The selective body meshing is not being recorded, so the meshing may not be persister

Project> Model> Geometry>Part

Wednesday, October 07, 2015 3:07:25 PV

Warning | The global min size has been replaced by the mesh size of 2

edae orface wt

Project> Model>Geometry>Part

Wednesday, October 07, 2015 3:07:25 PV

Total

Section Planes

EEFEE

Warninc | Mass properties (velume, surface area, centroid, moments of inertia) may be inaccurate

Wednesday, October 07, 2015 2:55:30 PV

| |83 Messages

Mo Selection

|Metric (mm, kg, N, s, mV, mA] Degrees rad/s Celsius Y
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Exercise: Cooling of electronic components ’ o0
& part d): simulation with fluid elements — boundary conditions J JU LICH

FORSCHUNGSZENTRUM

Convective heat transfer boundary conditions are not needed here:
» Outline => Steady-State Thermal => Convection => RMB => Suppress
Specify fluid inlet temperature:

» Toolbars => ﬁ select start point of centerline => RMB => Insert => Temperature

J File Edit View Units Tools Help

EAVER AR R R & O SR N oV R

Show Vertices g Wireframe | U Show Mesh 2K B Random Colors s Annotation Preferenc
| mE ing > A~ A~ A~ A~ A= A Il |-]Thicken Annotations

| Environment ature @ Heat » 5 [/ Flow fiete @) Conditions + | B |

B
o

Outline
| Filter:  Name - ANSYS
1 Sold R16.1
. . I Sold —_—
> Detal IS VI eW. o @ Sold Academic
- -5 Sold
1@ Sold
-y ™ Line Body
= 2 Coordinate Systems
Details of "Temperature” o Vs
ymmetry
/A Cannections [l
Sco /B Mesh
= pe - A8, Edge sizing
Scoping Method | Geometry Selection /. Face Sizing
- AT Sweep Method
Geometry 1 Vertex R
- /B Edge Sizing 3
[=| Definition @ amed seectons =
(=] Steady-State Thermal (B5)
Type Temperature 8 Trival Temperature
. L\ Analysis Settings
CPERL e 20, °C [ramped) | + 78 it Gt 1 Coupling
Suppressed Mo B8 Solution (86) pote ML Trempeone |
i+ 1] Solution Information ) @
A Temperature R @ Hide Body (F9) . Heat Flow
- © @ Hide All Other Bodies B Commands
Details of "Convection” 7 Q Filter Tree Based On Visible Bodies
ol Suppress Body ‘*.
Scoping Method | Geometry Selection = -
= Geometry [t Foce Suppress All Other Bodies . X
© =I| Definition @ Isometric View
-‘E Type Convection 5
£ Film Coefficient 4,e-003 W/mm?=C (ramped) 5° Restore Default
£ Ambient Temperature | 20. °C (ramped) Graph # [Tabull ®, Zoom To Fit (7) Py
@ Convection Matrix | Program Controlled - -
s 1 | Stel - C] [[v Temperature [*|
3 Suppressed Ves T[7 | €0 Image To Clipboard (Ciri+ C) A
e 2iL | CursorMode > 2.
£ View
f A Create Coordinate System
T #8 Create Named Selection
=l
E A D & B 5 Select All (Ctrl+ A)
§ @ X o2 @ @ ow I T —
= Total ‘
Messages. Graph i T
| | 3 Messages [1 Vertex Selected: Location = (0., 0, -200) mm [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsiis /|
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Exercise: Cooling of electronic components ’ o0
Y part d): simulation with fluid elements — boundary conditions J JULICH

FORSCHUNGSZENTRUM

Heat transfer from pipe to fluid elements has to be defined:
» Outline => Named Selections => LMB
> Toolbars => % [® select inner surface of pipe => RMB => Create Named Selection

File Edit View Units Tools Help H =% | fSolve v ?/ShowErors 1@ [ 4 [A] [9)~ @Pworksheet 1k -
RAVE-CEREEE & SCAQAEACEmEs % O
7 Show Vertices @3 Wireframe | D Show Mesh & Bl Random Colors > Annotation Preferences | 1, I,

I Edge Coloring ~ £~ A~ A~ A~ A= A || |+l Thicken Annotstions

| Named Selection #BNamed Selection

> SelectionName: e 3

------ x @ Soid A
x & sold

=
L

ConvectionSurface|

(® Apply selected geometry
O Apply geometry items of same:

L[] size

Ger*te MNamed Selections

@ Hide (F9)
D T-!rpe @ Hide AlNgther Bodies
o Filter TredBased On Visible Bodies
|:| Location X (S Suppress B
(B Suppress All §her Bodies \
X

2.000 4.000 {rm
T ]

@ Hide Face (FE)\

o @ Isometric View
3 set
'3° Restore Default
@), Zoom To Fit (F7)

The selective bady meshing i not being recarded, 5o the meshing may not be persister ProfggModel>Geometry>Part | 7 Tz To Clipboard (Ct

Location

) :21:30 AM

]
|:| Location 2
L]

- Warning | The global min size has been replaced by the mesh size of a premeshed edqe or face wl | Project>Wggel> Geometry>Part :21:30 AM
A'ppl? Tﬂ Correspondlng MESh Nodes ‘Warning | Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate Curser Mode » D:01:47 AM
View
7% Look At

2. Create Coordinate System
k. Cancel Yo

i Select All (Ctrl+ A)

Mitglied der Helmholtz-Gemeinschaft

I
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Exercise: Cooling of electronic components JﬂLlCH
& part d): simulation with fluid elements — boundary conditions

FORSCHUNGSZENTRUM

» Outline => Named Selections => LMB

» Toolbars => %- select center line body => RMB => Create Named Selection
(important)

(§) B : Copy of Steady-State Thermal - Mechanical [ANSYS AcadBg Researc! J E=
iSolve v 7/ShowEmors @ & (@)~ @ workshest Iy
Baa®megs o O

ion Preferences | 1, 1, [, Il

File Edit View Units Tools Help |J @
FHATR-RERER &S A
7 Show Vertices  #@Wireframe | i Show Mesh 34 Il Random Colors
Wl Edge Coloring = A~ A~ A~ A~ A~ A || |-IThicken Annotations

Named Selection #ZNamed Selection

(& Reset Explode Factor:

J————— Assembly Center

S |

B Commands (APDL)

@) Apply selected geometry
O Apply geometry items of same:

1 Named Selections
B0 Symmetry:SymmetryPlane
/& ConvectionSurface

. Insert »
Size Gun\

@ Hide Bod§FS)

@ Hide All Otfgr Bodies

/=2 Initial Temperature

/72 Analysis Settings

/B, Internal Heat Generation
» 3 Convection

Type

Q Filter Tree Ba%d On Visible Bodies
ﬁu Temperature
Conands((AP)DL) Ny Suppress Body
s Solution (B6] \F .
4] Solution Information Sprrm i, Yl

M Temperature @ Isometric View

*3° Restore Default
) Zoom To Fit (F7)

3 Image To Clipboard (cuh\

IMethod | Geometry Selection
[1Body

Apply To Corresponding Mesh Modes

0k I Cancel

L300

Bolver Ves Cursor Mode

View
9 Look At

Yes
Exclude

[Controlled Inflation

. Create Coordinate System

Manual
ction 1Body
)

Waming| One or more unidentified characters have been detected in the command snippet whic | Project> Model>Stea 1
Warninc| One or more unidentified characters have been detected in the command snippet whic | Project> Model> Geo
The selective bedy meshing is net being recorded, so the meshing may not be persister | Project> Medel> Geol mber 04, 2015 10:21:30 AM
Wamin| The global min size has been replaced by the mesh size of @ premeshed edge or face wt | Project> Model> Geometry>Part Friday, September 04, 2015 10:21:30 AM
Warninc| Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate Friday, September 04, 2015 10:01:47 AM

ber 04, 2015 24 PM
&5 Select All (Ctrls A) moerts

Ember 04, 2015 1:10:24 PM
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Exercise: Cooling of electronic components ' o0
Y part d): simulation with fluid elements — boundary conditions J JU LICH

FORSCHUNGSZENTRUM

» Outline => Steady-State Thermal => RMB => Insert => Command

» Outline => Steady-State Thermal => Commands (APDL) => RMB => Import
=> ‘SteadyStateThermal-Commands.txt’

the following commands were imported::

finish

IPREP7

-

I surface effect elements

et,200,152

keyopt,200,8,2 IHf at average T

type,200

I generate surface elements on existing mesh of pipe with closest fluid element node
ndsurf,'ConvectionSurface','Fluid’,3

'boundary conditions

cmsel,s,Fluid

sfe,all,,hflux,,2.5e-7 Imass flow rate in t/s (due to symmetry only 1/2 of total mass flow rate)
esel,s,type,,200

sfe,all,,conv,,4 'heat transfer coefficient in t/K/s?

alls
fini
/solu
Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components JﬂLlCH
& part d): simulation with fluid elements — boundary conditions

FORSCHUNGSZENTRUM

» Main Menu => Units => Metric (mm, t, N, s, mV, mA) => LMB

| File Edit View |Units Tools Help || @ =i | <fSolve = 2/ShowEmors ¥ [f & @~ @ orksheet i
| % v F B Metric(m kg N5V, A) LR (e Ea o R r@e e O
Metric (cm, g, dyne, s, V, A) Colors %0 Annotation Preferences ‘ LAl il | a
Metric (mm, kg, M, s, mV, mA&)
Ll Metric (mm, 1, N, 5, mV, ma)]
Metric (mm, dat, M, s, mV, mA)
Metric (um, kg, pN, 5, V, mA]
US. Customary (ft, Ibm, If, °F, 5, V, A)
U.S. Customary (in, Ibm, Ibf, °F, 5, V, A}

< |T Degrees

Radians

m |T rad/s

RPM

icken Annotations

retry | W, Formote Point | G Connections | B Fracture | @ Condensed Geometry (beta) | &1 Mesh Edit & Mesh Numbering | B Solution Combination ‘ ghlamedSele

im
['v Celsius (For Metric Systems)
Kelvin (For Metric Systems)

. :,* Internal Heat Gene
- xal Convection
2 ﬁl Temperature
- 5= Commands (APDL)
(=48] Solution (B6)
4] solution Infor
_{Q Temperature

4 mn

Details of "Meodel (B4)"

[=1| Filter Options
Control [Enabled 20,000 ()

| Lighting EE— e

Ambient |0.1

Diffuse |06

Specular |1 Geometry A Print Preview ) Report Preview /

Colar M,

Text Association Tii

Warning| One or more unidentified characters have been detected in the command snippet whic Projects Model> Steady-State Thermal> Commands (APC | Tuesday, September 08, 2015 9:43:04 AM
Warninc| One or more unidentified characters have been detected in the command snippet whic Project> Model> Geometry>Line Body>Line Body>Comr Tuesday, September 08, 2015 8:43:04 AM
Info The selective body meshing is not being recorded, so the meshing may not be persister Project> Model» Geometry=Part Tuesday, September 08, 2015 9:42:51 AM
The global min size has been replaced by the mesh size of a premeshed edge or face wt Project> Model> Geometry>Part Tuesday, September 08, 2015 8:42:51 AM
;| Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate Friday, September 04, 2015 10:01:47 AM

Manage Views 3 x
EEL N UE

Total
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Exercise: Cooling of electronic components ,' jULICH

& part d): simulation with fluid elements — solving and post-processin

FORSCHUNGSZENTRUM

» Toolbars => <isove ~
» Outline => Steady-State Thermal => Solution => Temperature => LMB

ANSYS
R16.1
Academic

For comparison: previous results of ¢):

ANSYS

R16.1
Academic

10.000

0.000 10.000 20.000 {ram)
I T 1

5.000 15.000
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Introduction to CFD !) _]U LICH

& CFD (computational fluid dynamics)

Y

Y

Y

Y

FORSCHUNGSZENTRUM

Numerical method for solving partial differential equations representing conservation laws for
mass, momentum and energy for fluid flows.

Domain is discretized into a finite set of control volumes or cells. The discretized domain is
called the “grid” or the "mesh.” The most commonly used method for CFD is the Finite-
Volume-Method.

Control volume balance for a general flow variable ¢ can be expressed by:
rate of change = net flux due to convection + net flux due to diffusion + net rate of creation

The Navier-Stokes equations are the general form of the equation of motion for a viscous
fluid.

Typical numerical methods to consider flow turbulence:

- DNS (direct numerical simulation): all eddies are resolved by a very fine mesh
=> this method is time consuming and requires huge computational resources

- RANS (Reynolds-Averaged Navier-Stokes): a turbulence model describes all effects of
turbulence on the flow
=> this is the most commonly used method for technical applications; stationary analyses

are possible and computational costs are low

- LES (large eddy simulations): only the largest eddies are resolved by the mesh and smaller
eddies are considered by a turbulence model
=> compromise between DNS and RANS

Central Institute for Engineering,
Electronics and Analytics | ZEA
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Exercise: Cooling of electronic components JU LICH
%, part e): CFD simulation — CFX project

FORSCHUNGSZENTRUM
» Project => Toolbox => Analysis Systems => Fluid Flow (CFX) =>
drag and drop (LMB) to Project Schematic
I\ Cooling of electronic components - Workbenc == )
File View Tools Units Extensions Help
EH Project h
dltmport... | <pReconnect 2] Refresh Project +# Update Project
Too PR Proiect Schematic -3 x -Tl
IEAnalys\sSysbans |; H i i i A
I k7 Design Assessment o ! N
ﬁ Eigenvalue Buckling hdl A hd B
Electric 1 1
Explicit Lynamics 2 @ Engneering Data v 4 2 @ Engineering Data v 4 Create standalone system
Fluid Flow (CFX) v ‘u i N
——
Harmonic Response 4 @ Model v o4 4@ Model v o4
£ 1cEngine 5 | @ setup v 4 5 @ setp v 4
Magnetostatic (] % Solution v ol 6 % Solution v ‘I
f§ Modsl 7 @ Results v . 7 @ Results v .
filj Random Vibration
m Response Spectum i simplethermal o thermal - fluid elements
@ Rigid Dynamic = | | i |
(2 ShapeOptimization(Beta) | || T T T
[ Static Structural
) steady-State Thermal
m Thermal-Electric
ﬁ Transient Structural
Transient Thermal
@ Turbomachinery Fluid Flow
|E| Compaonent Systems
{3 AcP (Post)
HF ACP (Pre)
@ Autodyn
ﬁ’ BladeGen
CFX B
R T x
& Engineering Dats A B E D E F En
Explicit Dynamics(LS-DYNA Export) i Name v | Ce... v | Size w Type - Date Modified - Location -
- External Data 2 A Cooling of electronic compenents, whpj 451KB | Workbench Project File 10.09,2015 08:08:26 G:\Workbench1s, 1\000-Georgian German Science Bridge
E @ E"t_ﬂ"ﬂ‘ Model 3 | @ EngineeringData.xml A2 7KB | Engineering Data File 10.09.2015 08:08:26 dn0\SYS\ENGD
2 Finite Slement Mo deler 4 |G s¥s.a0db A3 2MB | Geometry File 04.09.2015 09:09:45 dpoiSYSipM
'aE: Flusnt ) . 5 ﬁ material.engd A2 7KB | Engineering Data File 07.09.2015 17:08:31 dp0\SYS\ENGD
£ Fluent (with Fluent Meshing) s = =
8 0 Geometry & ﬁ 5YS.engd A4 7KB | Engineering Data File 07.09.2015 17:08:31 dp0'global\MECH
_5‘ ’ ICEM CED 7 @ 5Y5.mechdb A4 11MB | Mechanical Database File 08.09.201509:41:25 dpOglobal \MECH
=) A Mechanical APDL - 8 ﬁ 5Y5-2.engd B4 7KB | Engineering Data File 07.09,2015 17:08:00 dp0'\global WMECH
£ [T View Al f Customizenr, | |2 |_J svs-2.mechdn B5B4 11MB | .mechdb 08.09.2015 16:51:27 dp0'\global MECH
@ » =] FE— 1 o s = -
oS o Ready 1 Show Progress :
E Management
5 S
E 1509001:2008
= TOVRneiniana
epte
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Exercise: Cooling of electronic components JU LICH
%, part e): CFD simulation — CFX project

FORSCHUNGSZENTRUM
@ ~ e
I\ Cooling of electronic components - Workben E=0
File  View Tools Units Extensions Help
EE Project A
@limport... | < Reconnect 3] Refresh Project # Update Project
Toolbox L B Sl Properties of Schematic A3: Geometry r Box -T
EAnalys is Systems |L A B ’:
- Design Assessment 1 Property Value
Eigenvalue Buckling b C 7 =
Electric Steady-State Thermal i 3 Component ID Geometry
E:‘pl:'t‘ Bynamics ngincetng Data = ok . share A3 4 Directory Name s¥s
Fluid Flew: (CFX) i) Geometry o BT Geometry v o 31§ Mesh = 5 R
Fluid Flow (Fluent) % =
KarmonicResponse Model v 4@ Model v . 4 @@ setup ? ., & Notes
1C Engine 5 @@ Setup v . 5§ Setup v . 5 | §8 soltion 2, 7 B
Magnetostatic 6 |G Solution v o 6 @ Solution v . 6 | @ Results 2, 8 Last Update Used Licenses
Mosal 7| @ Resits v . 7 @ Resuls v . Fluid Flow (CFX) LI & ceomety S0
Random Vibration G:\Workbench 15, 1\000-Georgian German |
Response Spectrum simple thermal thermal -fluid elements 10 Geometry File Name Science Bridge\Cooling of electronic
Rigid Dynamic A components_files\dp0\SYS\DMISYS..agdb
Shape Optimization (Beta) 1 - TENTLET
Static Structural 12 Attributes
Steady-State Thermal 13 Material Properties
4 ermal-Electric 14 R ometry Optio
&y Th |-Electri
ﬁ Transient Structural 15 Analysis Type ) LI
Transient Thermal 5 Use Assodiativity
@ Turbomachinery Fluid Flow PP Import Coordinate Systems
‘ SN S 18 Import Work Points
@ ACP (Post) 19 Reader Mode Saves Updated File bor|
iy ACP (Pre) -
20 Import Using Instances
@ Autodyn
a‘ BladeGen 21 Smart CAD Update
W o L nn Famnara Darks M |indsts [ -7
@ cx(eta) LR
& Engineering Data A ] C D E F =
Explicit Dynamics {LS-DYNA Export) 1 Name - v | Sge Type - Date Modified - Location -
- Bxternal Data 2 A Cooling of electronic components.wbpj 451KB | Workbench Project File 10.09.2015 08:08:26 G:\Workbench16. 1Y000-Georgian German Science Bridge
=
s @ Bdemal Model 3 |@ engneeringData. xml A2 7KE | Enginesring Data File 10.09.2015 08:08:26 dp0'SYS\ENGD
@ Finite Element o deler 4 |@ srs.aod A3 2MB | Geometry File 04.03.2015 09:09:45 dpo\SYSIDM
g E:ue": (with Fluent Meshing) 5 |@ material.engd AZ 7KB | Engineering Data File 07.09.2015 17:08:31 dp0\SYS\ENGD
B Fluent (with Fluent Meshin
@ g < et a & ﬁ SYS.engd A4 7KB | Engineering Data File 07.09.2015 17:08:31 dp0iglobal\MECH
eometry
E ’ 1CEM CFD 7 @ SYs.mechdb A4 11MB | Mechanical Database File 08.09.2015 09:41:25 dp0iglobal MECH
E A Mechanical APDL o 3 ﬁ S¥5-2.engd B4 7KB | Engineering Data File 07.09.2015 17:08:00 dp0\global MECH
£ | ¥ View All | Customize. . | o |[] st5-2mechdb B5,84 11MB | .mechdb 08.09.2015 16:51:27 dp0'global MECH L 1
£ =1 TH— . Y ‘
= @ Double-click componentto edit.
ke
3 Management
= System
2 180 9001:2008
=
epte
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Exercise: Cooling of electronic components
%, part e): CFD simulation — CFX project

JULICH

FORSCHUNGSZENTRUM

» Project => Project Schematic => Geometry Connection => RMB => Delete

|\ Cooling of electr

File view Tools Units Extensions Help
EH Project

ﬁ][mport.” | -+ Reconnect Refresh Project  +F Update Project

Toolbox

LS B Properties 7 Connection

IEAnahfsis Systems | S < A B 0
Design Assessment /
ﬁ Eigenvalue Buckling , 2 B Co tion Properti

Electric 3 Type Share

4 From Cell | A3

5 To Cell c2

¥ Steady-State Thermal

-
I8 | Steady-State Thermal
Explicit Dynamics 2 G Engineering Data
3
4

Fluid Flow {CFX) @ Geometry
Fluid Flow (Fluent)

HarmonicResponse ﬁ Model
IC Engine 5 a Setup
Magnetostatic 6 Solution

Modal 9 Results
Random Vibration
simple thermal

@i’ Geometry
ﬁ Model
a Setup
Y 6 Solution
Y 7 |@ Results

o
i

d 2 G Engineering Data
3
4

h
o

-
ANASANANENAN

Response Spectum thermal -fluid elements

Rigid Dynamics
Shape Optimization (Beta)
Static Structural

ﬂ Steady-State Thermal

[ Thermal-Electric

% Transient Structural
Transient Thermal

@ Turbomachinery Fluid Flow
|E Component Systems

3 ACP(Post)

iz ACP(Pre)

@ Autodyn

@é BladeGen

@) Crx =

@ CFX (Beta)
& Engineering Data A B C D E F
fi Explicit Dynamics (L5-DYNA Export) Name vl Ce.. v | Sige - Type - Date Modified -
@

i

Properties

R X

Location Til|=
G:\Workbench 16, 1Y000-Georgian German Science Bridge
dp0'\SYS\ENGD

External Data Cooling of electronic oomponems.vM 451KB | Waorkbench Project File 10,09,2015 08:08:26
External Model y AR 7KB | Engineering Data File 10.09.2015 08:08:26

EngineeringData.xml

(@ Finite ElementModeler

Fluent

Fluent (with Fluent Meshing)

0 Geometry

4 ICEMCFD

A Mechanical APDL ag

5YS.agdh

2MB

Geometry File

04.09.2015 09:09:45 dp0\SYS\DM

7KB

Engineering Data File

07.09.2015 17:08:31 dp0'\SYS\ENGD

SYS.engd y4

7KB

Engineering Data File

07.09.2015 17:08:31 dp0'global \MECH

srsmechds 4

11MB

Mechanical Database File

08.09.2015 09:41:25 dp0'\global\MECH

N
]
@
& material.engd /
-]
@
]

7KB

Engineering Data File

07.09,2015 17:08:00 dp0'\global\MECH

-0 -~ P - N I R N P )

08.09.2015 16:51:27

dp0iglobal\MECH

BRI ey

_] sts-2mechgfl B5,84 11MB | .mechdd

=" I £ nn ETP

| T view All / Customize... ‘

e

() Show Progress
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Exercise: Cooling of electronic components " JﬂLlCH
Y part e): CFD simulation — geometry: activate fluid region LS SN TR

> Tree Outline => Parts, Bodies => Part => x@said RMB => Unsuppress Body

= == x

&) C: Fluid Flow (CFX) - DesignModele

J File Create Concept Tools Units View Help
| A EHBE @ || DU Greio |[select[y br DREER| @ (H xS ¢ QAAQRAXE H| e [
| B~ W~ g~ A~ S~ A~ A~ A7

pr

| xtPiane + 3| None - #9 || 3fGenerste @ Share Topology [ElParameters || [Earude gfaRevobe g Sweep § Skin/loft | | [ Thin/Sugpe® QBlend > & Chamfer WpSiice || @ Point B Conversion
| BladeEditor: fifimport 8D {Eload BGD | S FlowPath 7 Blade o Splitter  JVistaTFExport - ExportPoints WStageFluidZone g SectorCut |z Thiggee®a ¥ CAD Import + | ) Preferences

|1 F 8 = (| v
|
@ Baxd -
g (0 Freezed
....‘,. Patternl ANSYS
g™ Linel R16.1
iy Pha SymmetryPlane Academic
o b Symmetryl

a8 1 Cross Section
[ M8 14 Parts, 17 Bodies

B e Part
iy (1 Solid
iy (1 Solid
iy £ Solid
Y] Sclide=y
ey T Solid Unsuppress Body
(@ Solid nsuppress All Bodies
63 Solid ert Suppressed Body Set
- (i Solid rm New Part
e (B Solid < Generate (F5)
g 01 Solid i R )
vy (1 Solid Ename
-y B Solid
ey B Solid
Sketching  Modeling
Details View
=| Details of Body i
Body
Volume
Surface Area
Faces hd 5000 10.000 (mm) z .
Edges 3 I .
Vertices 4 2,500 7.500
Fluid/Solid Solid
Shared Topology Method | Default ~ | Model View | Print Preview
& Ready 1 Body: Volume = 53438 mm’ Millimeter Degree p o 4

» Main Manu => File => Close DesignModeler
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Exercise: Cooling of electronic components 4 JﬂLlCH
%, part e): CFD simulation — meshing

FORSCHUNGSZENTRUM
Open Meshing:

» Project => Project Schematic => Project C => Mesh (double click LMB)

Element Size on end faces of fluid and pipe

» Outline => Project => Mesh => LMB

> Toolbars => %~ |® => select faces (second face with ‘Ctrl’) => RMB => Insert => Sizing

» = ==

B-vEREER @5 aa aRQa Ered ol 0
| a || # (eReset EploceFacor || NN EdgeColoring » £~ A~ A+ A+ A~ € | |-IThicken Annotetions

@ C:ﬁFbw(CFX)—Meshi g [ANSYS Academic Research]
| File Edit View Units Tools Help H w1 | o Generate Mesh T b [ ~ (7 Worksheet i |J S
| =" Show Vertices R Wireframe | Ti Show Mesh sk B Random Colors b Annotation Preferences | 1, 1, [,
| Mesh <7 Update | @ Mesh + B Mesh Control » @1Mesh Edlit + | | Metiic Graph | EProbe | o mw | 1~
Outline L]

Je:mjmei,:e - ANSYS
5 [ Model (C3) Rlﬁ.l
/& Geometry Academic

/3% Coordinate Systems
A8 Connections

N Mesh
‘I,‘ Contact Sizing
, Refi it
} Generate Mesh On Selecipt® & Refinemen
2599 h On Selected Bodies B Face Meshing
@ erated Data On Selected Bodies @ Match Control
— , | A% Inflation
Node Merge G
Q Hide Body (F9) ode Merge Group
B ) - @ Hide All Other Bodi B Node Merge
Details of "Face Sizing" - Sizing o e srfedies 5 & Node Move
@ Filter Tree Based On Visible Bodies
[=l| Scope
- " of "Mesh” 7 Suppress Body
Scoping Method Geometry Selection | - =T = e A P B
slay p uppress er Bodies
Geometry 2 Faces 0.000
= - olay Style Body Color @ Hide Face (F8)
s [=I| Definition aults 0.750
5 o
@ sics Preference | CFD @ Tometric View
£ suppressed Mo rer Preferen }Geomelnglim Pleviewb Report Pleview/ ',;2 Set
5 -
E LB Element Size geley 0 = Messag %2 Restore Default
(0] Element Size 0.5 mm [ [Text &), Zoom To Fit (F7) estamp
N Behavior Soft ation Warning | Mass properties (volume, surface area, centroid, moments of inertia) may be inaccurate - ursday, September 10, 2015 8:53:20 AN
o ch G ing Options @8 Image To Clipboard (Ctrl+ C)
= —_—
€ Curvature Mormal Angle | Default th Options. ———
2 Growth Rate Default anced View b
. " eaturil -
F Local Min Size Default 0.20237 mm) ommm | 09 Look At
revanea & ViEews rx
B & % = K Create Coordinate System
i o) b [§
= W @l e £8 Create Named Selection
= & Select All (Chrl+ A)

] |2 Faces Selected: Surface Arealappron) = |Metric (mm, 1, N, 5, mV, mA) Degrees rad/s Celsius Y
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> Detalils View

Details of "Sweep Method" - Method

Exercise: Cooling of electronic components
%, part e): CFD simulation — meshing

-EEE G

#)0LICH

FORSCHUNGSZENTRUM

> Toolbars => % |[® => select fluid body => RMB => Insert => Method

-
ii! C: Fluid Flow (CFX) - Meshing [ANSYS Academic Research]
e —

EHEEE

e me @ e % O

| File Edit View Units Tools Help | =+ | f GenerateMesh ¥ i [A] [~ [BrWorkchest in | % ¥ [~ T
|

#1 [JeReset Explode Factor: “ 1] EdgeCoIorN A A A A A~ X |4 =1 Thicken Annotations

J  Show Vertices g0 Wireframe | S thowMesh sk B Random Colors %7 Annotation Preferences | s e Bl ‘ [~ ‘
| Mesh =7 Update | @2 Mesh ~ @ Mesh Control » f1Mesh Edit = | ||lietric Graph | E0Probe | fm o | -

Outline 9
|Filter:  Name - &
Project

B @] Model (C3)
AT Geometry
-~ Coardinate Systems
B Connections
-8 Mesh
----- B, Face Sizing

Details of "Mesh" i
% Cator

= Wiesh On Selected Bodies
=/ Preview Surface Mesh On Selected Bodies
2] Clear Generated Data On Selected Bodies

i |

Parts

2 Hide Body (F9)
@ Hide All Other Bodies
€ Filter Tree Based On Visible Bodies

Academic

@, sizing
¥, Contact Sizing

£ Inflation

Node Merge Group
 Node Merge
@, Node Move

0.000
0.500

Suppress Body
Suppress All Other Bodies
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4 Cursor Mode

Method SWEep -/ i i
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Exercise: Cooling of electronic components
%, part e): CFD simulation — meshing

#)0LICH

FORSCHUNGSZENTRUM

For the heat transfer calculation a fine mesh at the fluid-solid interface is needed
— here a mesh inflation is used at the end face

> Toolbars => %~ @ => select fluid end faces => RMB => Insert => Inflation

I : ﬁ Flow (CFX] - Meshing [ANSYS Academic Research]
| File Edit View Units Tools Help || =+ | -/ GenerateMesh tl 6 [A] [~ @Worsheet iy | % @ "R REWR| S-S + QA Q| Q@ Q2 £ oe s @O [
|I|J P Show Vertices @@ Wireframe | “i howiiesh b Il Random Colors G Annotation Preferences | 1, 1, [, | ua “ 21 (e Reset Explode Factor: “ Il Edge Coloring = £~ A'Vv Av A+ A |4 <l Thicken Annotations
| Mesh <% Update | @aMesh + B, Mesh Control ~ @Mesh Edit = | || et Graph | [EProbe | m | .-

Outline ]

| Filter:  Name - &1

[E] Project

B~ (@] Model (C3) —_—
5 AB@ Geometry - Academic

+ /3 Coordinate Systems
A8 Connections
B8 Mesh

i L, Face Sizing
o 1 Sweep Method

}‘l‘ Contact Sizing
£ Refinement

GoTo

~} Generate Mesh On Selected Bodies
-} Preview Surface Mesh On Selected Bodies [ Face Meshing
<] Clear Generated Data On Selected Bodies @ Match Control

Pore /-j Inflation

Node Merge Group

Details of "Mesh” 1 -
' Display Q@ Hide All Other Bodies ;’ :°:e :erge
Display Style | Body Calor @' Filter Tre Based On Visible Bodies pibiaseciisss .
[=I| Defaults =
- - s B
> Detal |S VI ew Physics Preference | CFD R
Solver Preference |CFX e e
(’ @ Hide Face (F8)
Details of "Inflation” - Inflation 0.000 7 %
@ Isometric View
= Smp_e : g Optians [ =0 5y
Scoping Method Geometry Selection hdent Options W e N 2 Restore Default ]
Geometry 1 Face @) Zoom To Fit (F7) ™ o2
51| Definition // [Text 5 Image To Clipboard (Ciri+ C) Timestamp
suppressed No Warning| Mass properties (volume, surface area, centroid, moments of inertia) may be in Coreor od Thursday, September 10, 2015 8:53:20 AN
ursor Mode
Boundary Scoping Method | Geometry Selection View
";‘; Boundary 1 Edge , P93 Look At
@ Inflation Option First Layer Thickness 2k Create Coordinate System
g First Layer Height 1.e002 mm #2 Create Named Selection
3 W Maximum Layers ] T (&) @l & Select All (Ctrl+ A)
N Growth Rate 1.2
= Inflation Algorithm Pre 1 Message 1 Face Selected: Surface Area(approx.) = 1.2658 mm Metric (mm, t, N, 5, mV, mA} Degrees rad/s Celsius
E a i 4
T Central Institute for Engineering,
g Electronics and Analytics | ZEA
g ﬁ Wansgerment
= System
2 A 150 9001:2008
= TOVRReiniana
ZERTIFIZIERT ﬁ;m‘a’;“
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Exercise: Cooling of electronic components , o0
& part e): CFD simulation — meshing J JU LICH

FORSCHUNGSZENTRUM
Try yourself:
»  Sweep method for pipe body with manual source (end surface) and 1mm element size in sweep direction
» RMB on end surface of pipe => ‘Face Meshing’ with default values (=> mapped mesh)
» Number of element divisions (element size) for pipe wall thickness: 3 (behavior: ‘hard’)
» Number of element divisions for circumferential lines of pipe: 25 (‘hard’)
» Number of element divisions in foam body between pipe and laminate: 3 (‘hard’)
» Number of element divisions in width direction: 10 (‘hard’)
» Element size on end surface of foam: 0.4 mm =
» Sweep method for foam (default settings in Details View)
» Element size on bodies of electronic components: 0.3 mm
» Number of element divisions for laminate thickness: 3 (‘hard’)
» Number of element divisions for thickness of electronic components: 2

» Meshing sequence:
- pipe wall
- fluid body
- complete mes
v Central Institute for Engineering,
Electronics and Analytics | ZEA
@
X
8.000 (mm)
6.000 .
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Exercise: Cooling of electronic components 4 JﬂLlCH
%, part e): CFD simulation — meshing

FORSCHUNGSZENTRUM

For the setup in CFX ‘Named Selections’ are needed:
» Toolbars => %~ |[® select end surface of fluid => RMB => Create Named Selection

[ () C : Fluid Flow (CFX) - Meshing [ANSYS Acadenic Research]

| File Edit View Units Tools Help || = | <} GenerateMesh t [iif [4] [~ BWorksheet iy | ¥ ¥ B> - B WM RE &S ¢ Q@ |6 @ a J 5 ip/a & =k
| 7 Show Vertices g5 Wireframe | T Show ek sk Bl Random Colors 0 Annotation Preferences | 1, 1, [, | i “ #1 (e feset Explode Factor: H Il Edge Coloring v A~ A~ kv A A A || =l Thicken Annotations
|Mesh =} Update | @Mesh v @, Mesh Control » @@ MeshEdit v | ||\ Wetric Graph | EProbe | @ [ | 0~

Qutline 1

J[;Ite:mj:ir:e - | ANSYS
B [&] Model (C3) Rl(i.l

BB Geometry E'(Ed["“i‘(_
,,;!‘\ Coordinate Systems s
A8 Connections

-, Mesh
L Face sizng
AT Sweep Method
A% Inflation 1
AR, Edge Sizing nsert
"m‘ Edge Sizing 2 Go To
. AL Edge Sizing 3 S
> S | t N B Face Meshing =/ Generate Mesh On Selected Bodies
elecuon Name 78 Swespvetod 2 4 Previem Suface esh On Sclected Bodies
— A8 Sweep Method 3 2] Clear Generated Data On Selected Bodies
- AL Face Sizng 2
1| 8L Edge Sizing 4 Parts b
ABL Body Sizing
@ Hide Body (F3) ¥
@ Hide All Other Bodies
h Q Filter Tree Based On Visible Bodies ®
[Body Colar Suppress Body ¥
@ : . | 0.000 Suppress All Other Bodies
A D‘,JI celected geometr L [ ______ _H|
¥ g ¥ rence } cro 000 G Hide Face (F8)
N ence | CFX
() Apply geometry items of same: ; .
P— g y A Print Preview}, Report Preview/, @ Tsometric View ]
Size 3ot
. 3 Restore Default —
rming Options @, Zoom To Fit (F7) ER=SA
Type ndent Options The selective bady meshing is not being recerded, so the meshing may not be T Thursday, September 10, 2015 9:56:48 Al
ass properties (volume, surface area, centroid, moments of inertia) may be ir Thursdlay, September 10, 2015 8:50:20 Al

@3 Image To Clipboard (Ctrl+ C)

Location X

Cursor Mode

Location ¥ hd

View
P Look At

Location 2 —
@ @ @ K Creste Coordinate System
2

B Select All (Ctri+ A)

1 Face Selected:

Apply To Corresponding Mesh Modes

] I Cancel

m, t, N, s, mV, mA) Degrees rad/s Celsius Y
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Exercise: Cooling of electronic components ' o0
& part e): CFD simulation — meshing JU LICH

FORSCHUNGSZENTRUM

Try yourself:

Front surface of fluid body => Named Selection ‘Inlet’
Symmetry face of fluid body => Named Selection ‘Symmetry’
Fluid body => Named Selection ‘Fluid’

Pipe body => Named Selection ‘Pipe’

Foam body => Named Selection ‘Foam’

Carbon fiber laminate body => Named Selection ‘Laminate’

V V V V V V V

Electronic components => Named Selection ‘Electronics’

A\

Main Menu => File =>
Close Meshing

» Project Schematic => Project C |
=> Mesh => RMB => Update =

5¢OHHNECBEAEERO: 0T RE

s

-

3]

@

=

@©

£

@

Q

8 5

El A B c o 3

£ 1 v cen | s ~ b - - Location =

@ 2 |\ Cooling of electranic components.wbpj 7 F 09.2015 10:31: G: \Workbench 15, 1\000-Georgian German Science Bridge: |

oS s (@ ; w2 7 Fie oSSEND

k] @ o dp0\STSIOM

©° [~] pO\SYSIENGD.

pel [7] dpOiglobal MECH

g M CFD ® dp0'global MECH

g’ echani DL - L ER dpd\global WECH

= T View Al / Customize s |[Jsrs 85,64 1 . 127 doD\giobal WECH i )|

@ Right-dlickto update component. [F15how Progress | 7EShew 7 Messages | _:EI
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Exercise: Cooling of electronic components ' o0
& part e): CFD simulation — activate beta options (needed later on) J JU LICH

FORSCHUNGSZENTRUM

Project Overview:

» Main Menu => Tools => Options =>
Appearance => Beta Options => activate

h Options \
- Project Marggement | [ -~
O

Appearance
- Regional and Ngnguage Options Triple
- Graphics InteraXjon 1]
-~ Journals and Log .
- Project Reporting Multiple
- Solution Process [ ]
- Bxtensions
el TRl ——
- CFX
[#- Design Exploration
- Repositony
- Fluent Display
- Mechanical Mumber of Significant Digits
- Microsoft Office Bxcel 5 |
- TurboSystem
- Meshing Mumber of Files in Recently Used Files List

- Geometry Import 4

X <

Text on Toolbars

m

Connections are Bundled at Startup

7

System Coordinates are Shown at Startup

K

Quick Help Icons in System Cells

<

Word-wrap Text in Tables

Start Setup:
» Project Schematics => Project C

=> Setup => double click LMB G S

Mitglied der Helmholtz-Gemeinschaft
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Exercise: Cooling of electronic components

%, part e): CFD simulation — setup

#))0LICH

FORSCHUNGSZENTRUM

» Outline => Simulation => Flow Analysis 1 => Analysis Type => double click LMB

Fle Edt Session Insert Tools Help

@ rE

[outine |
4 6 Mesh
4 @l crx.emdb
I Principal 3D Regions
I Other 3D Regions
© @ Connectivity
a Simulation
4 Flow Analysis 1
© Analysis Type
4 [7] D Default Domain
J+ Default Domain Defauit

J©° Default Fluid Fluid Interface Side 1
J£ Default Fluid Fluid Interface Side 2
4 ¥ Interfaces
¥ Default Fluid Fluid Interface
a Solver
& Solution Units
P Solver Contral
2 output Contral
s Coordinate Frames
(8] Transformations
> [&] Materials
(8] Reactions
4 (%] Expressions, Functions and Variables
(%] Additional Variables
(] Expressions
(#] user Functions

WP %% @ o 5 P00 EmA OF Skaas i),

[s] User Routines
4 Simulation Control

Analysis Type

RIGTE

Academic

[ configurations
3 Case Options Details of Analysis Type in Flow Analysis 1

Basic Settings
ANSYS MultiField Coupling
Option [Nme T ]
Analysis Type
Option |Steady State ~

‘ e

'[ o J[ ey J[ oo |

0,01 (m) Z/L .

from either the 'Edit > Options > CFX-Pre > General' editor or the 'Case Options > General editor in the

——
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Mitglied der Helmholtz-Gemeinschaft

Exercise: Cooling of electronic components ' o0
& part €): CFD simulation — setup materials J JU LICH

FORSCHUNGSZENTRUM

Import material properties from file
» Main Menu => File => Import => CCL ... (choose directory with materials-CFX.ccl file)

Import CCL e
Logk in: | G\Work.r_files ~ 3 © @ |7 [E] ImportMethod:
iy My Compu =] materials-cFx,col| () Append

. @ Replace
|° Documents

E j.wolters

‘ user _files

[ Auto4oad materials

Outpun o File name:  materials-CFX.ccl Open
s Coordinate F
T""IE;“"’ e‘;’"“s Files of type: [CCLFies ("cd *cst) g v | | Cancel |
FiA ra orma ns
4 [&] Materials i T —
E Air Ideal Gas

' & airatasc

& Alurninium
& Carbon Fibre Laminate

& Carban Foam N Otl Ce .

& Ceramics

ewm——— 3 thermal conductivity is important for all solids, but orthotropic values
T — for the laminate can not be defined in the GUI (workaround available)

& Water

& water Ll Gas » material properties like density and heat capacity have to be defined

[&] Reactions

% Expressions Functions ar for solids but are not important for the results of a steady-state
" calculation.

Central Institute for Engineering,

> for Helium all thermodynamic and transport properties Eiectronics and Anaiytics | £
are important for the flow simulation A | 53

aaaaaaaaa
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Exercise: Cooling of electronic components 4 jULICH
%, part e): CFD simulation — setup materials

FORSCHUNGSZENTRUM

Check properties for helium @ 10 bar

> Outline => Simulation => Materials => Helium => double click LMB

Detzils of Helium Details of Helium
Basic Settings |I Material Properties ‘ ‘ Basic Settings | IMabenaI Properties I‘
Option [Pure Substance ~ ] Option [General Material hd ]
Material Group Constant Property Gases - B Thermodynamic Properties B
Material Description = SR 5
Air at 25 C and 1 atm (dry) EEiT [velee -]
Thermodynamic State =] Malar Mass 4 [ikg kmol~-1]
Thermodynamic State  |Gas - ] I Density 1.634 [kg m~-3] I
[7] Coordinate Frame Specific Heat Capaity =]
Option [VEIue - ]
| specific Heat Capaaity 5200 [J kg~-1K~-1] |
Specific Heat Type [Coﬂstant Pressure v]
Reference State =]
Option [SpeciﬁEd Point - ]
Ref. Temperature 20 [C]
Reference Pressure 10 [bar]
Reference Specific Enthalpy =]

Ref. Spec. Enthalpy 0. [1/kg]
Reference Spedific Entropy =

Ref. Spec. Entropy 0. [I/ka/k]

Transport Properties =]
Dynamic Viscosity =]
Option [VEIue - ]

I Dynamic Viscosity 2e-05 [kg m™-157-1] I
Thermal Conductivity =
Option [\éalue A ]

I Thermal Conductivity  0.15 [W m*-1K-1] I
Radiation Properties
Buoyancy Properties =
Option [Va\ue - ]

Thermal Expansivity 0.00341 [K~-1]
Central Institute for Engineering,

Mitglied der Helmholtz-Gemeinschaft
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I3 \| Management
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Exercise: Cooling of electronic components 4 JﬂLlCH
& part e): CFD simulation — setup domains

FORSCHUNGSZENTRUM

For each material a domain has to be defined. Domain interfaces will be generated automatically

» Outline => Simulation => Flow Analysis 1 => RMB => Insert => Domain

Fle Edit Sesson Insert Tools Help

PEOOXES A OH BESSDL, kAP RE ~

HBE %% @ 9 e 5
outne | nEraae@or [ n g~

4 (& Mesh

Viewl ¥

r (@ chcemdb
b @ Connectivity
4 (8] simulation
RIC: Flow Analysis 1 R16.1
Q@ Analysis Type Insert v Domain N Academic

Rigid Body
Domain Interface

4 [/ & Default Domain o
- ow

Default Domain Default )
Default Fluid Fluid Interface Side 1 | 5% Hde
P£ Default Fluid Fluid Interface Side 2
4 ¥ Interfaces
#2 Default Fluid Fuid Interface
4 (g8 solver
5" Solution Units
1 Solver Control

Analysis Type
. Global Initialization

Editin Command Editor

Copy Transient Blade Row Models
Paste

Duplicate

P Output Control

X coordinate Frames
Transformations

4 [B] Materials Expand Sub-Branches

Air Ideal Gas
& 7 Collapse SubBranches e

Delete
Rename

L N ]

&,

24

& Arst2sc
& Auminium
& Carbon Fibre Laminate
& carbon Foam B
& ceramics ain Default
& copper <
& Helium
& soot
& steel
& water
& water Ideal Gas
(8] Reactions
4[] Expressions, Functions and Variables
(3] Additional Variables
Expressions
User Functions
User Routines
4 (&) Simulation Control
& configurations — E—
& (] case Options 0.025 0.075

0 0.050 0100 (m) Z/L 2

) ‘Constant Physics' between fiid domains is not currently enforced. This is a Beta feature, and can be controlled from either the ‘Edit > Options > CFX-Pre > General' editor or the ‘Case Options > General' editor in the
outline tree. This option is accessible only if the Enable Beta Features' option is on.

4R
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Exercise: Cooling of electronic components 4 jULICH
& part e): CFD simulation — setup domains

FORSCHUNGSZENTRUM
Fluid domain settings — Basic Settings (will automatically open):
[ outine | X :
Fletailsof uid in Flownalysis 1 NOtlce
Basic Settings | Fluid Models | Initialization | Solver Contral | . . . . .
Locaton and Type Ijr/> If a ‘named selection’ is found with the same name, this will
——— — = be pre-selected as location (here the fluid volume mesh).
Coordinate Frame [Coord 1] - ]
Fluid and Partide Definitions. .. =
Fluid 1
. — 0 /> Here a domain material has to be selected from the material
Material Helium - I l( Ilbrary
Morphology =
Option [Conﬁnuous Fluid - ]
[] Minimum Volume Fraction

Domain Models
Pressure =]

Reference Pressure 10 [atm] I@/ > Fl U Id p reSS U re
Buoyancy Model =

Option [Non Buoyant - ]

Domain Motion =]

Option [stationary -

Mesh Deformation =]

Option [None - ]

Central Institute for Engineering,
Electronics and Analytics | ZEA

Management
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Exercise: Cooling of electronic components 4 jULICH
& part e): CFD simulation — setup domains

FORSCHUNGSZENTRUM
Fluid domain settings — Fluid Models:
| Outine | ' x] )
fysis 1 Notice:
Basic Settings Fluid Models |Iu lization I Solver Contral |
Heat Transfer 2 | _.» Since temperatures should be calculated the option ‘thermal

Option [Thermal Energy - ] |@

[ Ind. Viscous Dissipation

energy’ has to be chosen.

Turbulence =]

— — —e—> Since the Reynolds number is greater then 10000 we will
Wl Furcion__| Automatic - habe a fully turbulent flow — so a turbulence model has to be
e \ activated (SST is the preferred one)

>

HH

[ Turbulent Flux Closure for Heat Transfer
Advanced Turbulence Control

HH

[ Transitional Turbulence

Wall functions will consider the viscous boundary layer near

Combustion =]

opton = 2] the walls, if the mesh is not fine enough.
Thermal Radiation =]

Option [None v]

|| Electromagnetic Model

Central Institute for Engineering,
Electronics and Analytics | ZEA

Management
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Exercise: Cooling of electronic components
& part e): CFD simulation — setup domains

Fluid domain settings - initialization:

|

Details of FI

A JULICH

FORSCHUNGSZENTRUM

Domain: Fluid
" T

| Basic Settings I Fluid Mode

lization ISoIver Control |

Notice:

=l
[ Coordinate Frame
Initial Conditions =
Veloity Type [Cartesian - ]
Cartesian Velocity Components =
Option [-ﬂuhomaﬁc with Value - ]
u 0 [ms"~-1]
v 0 [ms~-1]
vV ad
W 120 [ms~-1]
Static Pressure =]
Option [-ﬂuhomaﬁc with Value - ]
I Relative Pressure 0 [bar]
Temperature =
Option Automatic with Value - ]
I Temperature 20 [C]
Turbulence =]
I Option [High {Intensity = 10%) vl

| -

] [ Close ]

Georgian German Science Bridge — Autumn Lectures 2015.10.12.-13. J. Wolters — ZEA-1
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» Setting realistic initial conditions may improve convergency

_—~> Mean flow velocity
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Exercise: Cooling of electronic components 4 JﬂLlCH
& part e): CFD simulation — setup domains

FORSCHUNGSZENTRUM

Define Solid Domains

» Outline => Simulation => Flow Analysis 1 => RMB => Insert => Domain

Fle Edit Sesson Insert Tools Help

HA %% m@m 9 % SFE 0N OF ali~F-a @l o drHh
Outine e ae @or g

4 [ Mesh View1 v
© @ chx.emdb
© @ Connectivity
4 (8] Simulation
EN (7 Flow Analysis 1 R16.1
@ Analysis Type Domain Academic
a & Default Domain Rigid Body R
¥ pefault Domain Default| — D T
Default Fluid Fluid Inter|
7% Default Fluid Fluid Inter

/

Analysis Type

| Editin Command Editor

. Global Initialization

Transient Blade Row Models

J% Default Fluid Fluid Inter Copy
7% Fuid Defaut Paste
B, Initialization
4 3 Interfaces
3 Default Fluid Fluid Inter
4 [ solver
&' Solution Units
I Solver Cantrol % Expand Sub-Branches
&l Cutput Control % Colapse Sub-Branches
A Coordinate Frames
Transformations
4 [&] Materials
& Air deal Gas :
& arstasc ain Default
& Aluminium 4
& Carbon Fibre Laminate
& Carbon Foam
& Ceramics
Copper
& Helium
& soot
& Steel
& water
& water Ideal Gas
(8] Reactions
4 [%] Expressions, Functions and Variables /L
[%] Additional Variables
Expressions —  — i z :
User Functions 0.025 0.075
User Routines
4 @ simulation Control ‘Constant Physics' between fiuid domains is not currently enforced. This is a Beta feature, and can be controlled from either the 'Edit » Options > CFX-Pre 3 General' editor or the ‘Case Options > General' editor in the
Configurations ' Gitine tree, This option is accessible orly if the Enable Beta Features’ sption s an.
© [& case options

i

b

Duplicate

Delete
Rename

2%

o)
Management.
System
150 5001:2008
TOVRneiniang
Georgian German Science Bridge — Autumn Lectures 2015.10.12.-13. J. Wolters — ZEA-1 Engineering und Technology | ZEA-1
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Exercise: Cooling of electronic components
& part e): CFD simulation — setup domains

A JULICH

FORSCHUNGSZENTRUM

Solid domain settings (Pipe) — Basic Settings (will automatically open):

Try yourself to set up domains for:
- Foam

- Laminate

- Electronics

Mitglied der Helmholtz-Gemeinschaft
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e @ o
Details of Pipe in Floyg&nalysis 1 alysis 1
Solid Models I Initialization I Solver Control | Basic Settings Solid Models I Initialization Solver Control |
Location and Type Heat Transfer =
—c
Location Pipe - D I Option lThermaI Energy - ] I
Domain Type |Solid Domain - | Thermal Radiation =]
Coordinate Frame |Coord 1} - | Option [None - ]
Solid Definitions. .. =] || Electromagnetic Model
Solid Motion
Solid 1 D
Solid 1 =
Option [Maherial Library v] || ok |l aeoty | [ Close
Material Steel| - | I ]
Morphology =
Option [Conﬁnuous Solid v] | Domain: Pipe
Details of Pipe in Fiwgpalysis 1
Domain Models | Basic Settings I Solid Mom Initialization || Solver Contral
B =l Domain Initialization =
Option [Siaﬁonary M ] [T] coordinate Frame
Mesh Deformation =] Initial Conditions =]
Temperature =
Option [None - ]
Option Automatic with Value
Temperature 20 [C]
|| ok || aeely [ close
B o< B[ sy || cose

Central Institute for Engineering,
Electronics and Analytics | ZEA

Management
System

150 9001:2008
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Exercise: Cooling of electronic components ’ o0
& part e): CFD simulation — boundary conditions J JU LICH

FORSCHUNGSZENTRUM

Heat transfer for interfaces

> Outline => Simulation => Interfaces => Default Fluid Solid Interface => double click LMB

File Edit Session Insert Tools Help
HE %% moc § RS0 rEMNA OF alva-a-Pdl, b ASHE

outine 5*'?‘5*3’@@@ O~ | 7
4 |81 Mesh | view1 v

> (@] chX.emdb
» B Connectivity
4 & Simulation
+ 8 Flow Analysis 1 R16.1
@ Analysis Type YT
4 [V & Electronics Sl el
[#]PE Default Solid Solid Interface in Electronics Side 1
(V1% Eectronics Defauit
B; Initislization
4 [V & Fuid
[¥]P% Default Fluid Solid Interface in Fluid Side 1
[¥1P% Fuid Default
9., Tnitislization
4 [V & Foam
[¥1P% Default Soid Solid Interface Side 1
[@17€ Foam Default
9, Initialization

(9]¢ Default Sold Solid Interface in Laminate Side 2
[Z]PE Laminate Default
P, Initialization

4 & Pipe

[W1D% Default Fluid Solid Interface in Pipe Side 2

m

- T < Edit Session Insert Tools Help
‘8 %% @ 90 5 00N @A OB o

2" Solution Units
ts Solver Contral
Domain Interface: Default Fluid Solid Interface |
i Coordinate Frames Details of Default Fluid Solid Interface in Flow Analysis 1

&1 output Control
Transformations -]
Heat Transfer =] X
Option [C{msenraﬁve Interface Flux - ]

4 [&] Materials 2.59
Interface Model = editor in the

& Air Ideal Gas

& Aratasc

& aluminium

& Carbon Fibre Laminate
& Carbon Foam “Constant Physics' between fluid domains is
& ceramics & cutiine tree. This option Is accessible only if
& Copper Option [none -]
& Helium

& soot

& Steel

& water

& Water Ideal Gas

Mitglied der Helmholtz-Gemeinschaft

\ | |Fineering,
\ %

> Same for ‘Default Solid Solid Interface’
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Exercise: Cooling of electronic components JﬂLlCH
% part €): CFD simulation — boundary conditions

FORSCHUNGSZENTRUM

Flow conditions
» Outline => Simulation => Flow Analysis 1 => Fluid => RMB => Insert => Boundary

File Edit Session Insert Tools Help
HE %% @ 90 5 4780 XxEMA O Ok-avavi@l, baFHB)

oune | n@eaae @ o

3 cht.cmdb

> @ Connectivity
a Simulation

a Flow Analysis 1
@ Analysis Type
& Electronics
% Default Solid Solid Interface in Electronics Side 1
& Electronics Default
9., titialization
Fluid
£ Default Fluid Solid Interface in Fluid Side 1
£ Fluid Default

2]

Edit

Mesh Statistics

9., mitialization
& Foam Insert »
[+ Default Solid Solid Interface Side 1
[+ Foam Default Render 4
.a Initislization Show

Boundary
Subdomain
Source Point

agw

—
36 Hide

9% Laminate Default Editin Cammand Editor Insert Boundary

Pipe Copy
% Default Flid Solid Interface in Pipe Side 2 Paste MName  Inlet
& Default Solid Selid Interface Side 2 22 Duplicate ! ault
|+ Pipe Default
ien Initialization K Delete
4 ¥ Interfaces db  Rename
[7]§# Default Fluid Solid Interface
4 Default Solid Solid Interface % Expand Sub-Branches
4 (8 solver 2§ Collapse SubBranches
2" solution Units
I Solver Control
& Output Cantral
_‘rk ‘Coordinate Frames
(8] Transformations
4 [&] Materials
& Air Ideal Gas
& aratasc
& Aluminium 0.025 0.075
& carbon Fibre Laminate
5 Carban Foam ‘Constant Physics' between fiuid domains is not currently enforced. This is a Beta feature, and can be controlled from either the ‘Edit > Options > CFX-Pre > General' editor or the ‘Case Options > General' editor in the
& Ceramics £ outine tree. This option is accessible only if the Enable Beta Features' aption is on.
& Copper
& Helum
& soot
& steel
& Water
& water Ideal Gas

0.050 0.100 (m)

Mitglied der Helmholtz-Gemeinschaft
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Exercise: Cooling of electronic components [ 4 jULICH

% part €): CFD simulation — boundary conditions

Inlet conditions for helium flow

m I Boundary: Inlet

FORSCHUNGSZENTRUM

8 Notice:

Details of THTE ITETTTIEW Analysis 1

Basic Settings ‘IBoundary Details I Sources Flot Options

Boundary Type [I.nlet

Location Inlet

_—> Ifa’named selection’is found with the same name, this will

<] be pre-selected as location (here the inlet face mesh).

TTCooTanate rame

I Boundary: Inlet
3 T TIow

Details of TRIC

Basic Settings Plot Options

Flow Regime

Option [Subsonic

elila AR,

a_k/> Since the calculation is done for a half-model only half of the

Option [Mass Flow Rate

Mass Flow Rate 0.25 [gs~-1]

total mass flow rate is considered here.

Mass Flow Rate Area | As Specified

Select units [g s™-1] from drop down list at end of text field

Seite 89 von 99

rlon Brecten _ . (visible during editing text field).
Option [No(mal to Boundary Condition - ]
Turbulence =2
Option [Medlum {Intensity = 5%:) v]
Heat Transfer =
Option [StaﬁcTemperamre v] > I n Iet te m peratu re
Static Temperature 20 [C]
Central Institute for Engineering,
M o< J[ meoy || cose ‘ Electronics and Analytics | ZEA
( ) e
180 9001:2008
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Exercise: Cooling of electronic components ' o0
& part e): CFD simulation — boundary conditions J JU LICH

FORSCHUNGSZENTRUM

» Outline => Simulation => Flow Analysis 1 => Fluid => RMB => Insert => Boundary
Boundary name: ‘Outlet’

8 Notice:

Basic Settings | houndary Details. | Sources | Plot Options

_—> Ifa’named selection’ is found with the same name, this will

Boundary Type [Ouﬂet - ] i i
Locaon outer T be pre-selected as location (here the inlet face mesh).
T Cooranate Frame 2

Boundary: Outlet 8

Details of OIS [ JOW Analysis 1
[ Basicsetings || Boundary Detals | Sources | Plot Options

Flow Regime =

Option [Subsonic '] ) ) .

e 2 > Relative static outlet pressure is based on the system

| d pressure of 10 bar defined before

=> absolute outlet pressure is 10bar
|| OK I Apply i Close

» Outline => Simulation => Flow Analysis 1 => Fluid => RMB => Insert => Boundary
Boundary name: ‘Symmetry’ => location ‘Symmetry’ Central Insttute for Enginering,
(no further settings needed) —~ ;

Mitglied der Helmholtz-Gemeinschaft
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Exercise: Cooling of electronic components ' o0
& part e): CFD simulation — boundary conditions J JU LICH

FORSCHUNGSZENTRUM

Heat generation
» Outline => Simulation => Flow Analysis 1 => Electgronics => RMB => Insert => Subdomain

File Edit Session Insert Tools Help

Zh@moc F S0 xR OF okva-a @il b ARrGE
Qutline Y *I*@\@@ O~

4 (5] Mesh

v @ crX.cmdb

©» @1 Connectivity
4 @) Simulation

4 @) Flow Analysis 1
@ Analysis Type
Electronics

1% Default Solid Solid Interface in Electronics Side 1

Edit
B Mesh Statistics

Insert * [§£  Boundary
Render , | (® Subdomain

Show 3 Source Point

32 Hide

el Editin Command Editor
Copy
B Paste
& Laminate 22 Duplicate
P+ Default solid Solid Interface in Laminate Side 2
[ Laminate Default < Delete
o Initialization b Rename
ipe
[ Default Fluid Solid Interface in Pipe Side 2 % Expand Sub-Branches
P+ pefault Solid Solid Interface Side 2 % Collapse Sub-Branches.
I+ Pipe Default
9, nitialization
4 ﬂ Interfaces
8 Defavit Fiuid Solid Interface
¥ Defauit Solid Solid Interface
4 |8 Solver
2% Solution Units
P Solver Control
Output Control
& Coordinate Frames
Transformations
4[] Materials
& Air Ideal Gas L 0.025 0.075

0.100 (m) Z/L w0
& arat2sc

& Aurinicm ‘Constant Physics' between fiuid domains is not currently enforced. This is & Beta feature, and can be controlled from either the Edit > Options » CFX-Pre » General editor o the ‘Case Options > General editor in the
& Carbon Fibre Laminate & outline tree, This option is accessible only if the 'Enable Beta Features' option is on.

& Carbon Foam
& Ceramics

& Copper

& Helum

& soot

& Steel

PRARITEC -~

Insert Subdomain

MName Heat

Mitglied der Helmholtz-Gemeinschaft
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Exercise: Cooling of electronic components 4 jULICH
% part €): CFD simulation — boundary conditions

FORSCHUNGSZENTRUM

Inlet conditions for helium flow
e Notice:

Subdomain: Heat]
eatin = T

ronics in Flow Analysis 1

— — 3> The heat is generated on all domain bodies
comrmicrane [ = => Named Selection ‘Electronics’ can be selected here again

Subdomain: Heat [x]
Details of Heatin Electronics in Flow Analysis 1

Sources =]
nuation Sources =2

Energy

\
Energy =

preT— - » Since the calculation is done for a half-model only half of the
oliie Llon e total heat generation (1/2 of 36 W) is considered

[~ Total Source Coeffident

Lo J [ omy J[ cose

Central Institute for Engineering,
Electronics and Analytics | ZEA

Y| Management
System
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Exercise: Cooling of electronic components
% part €): CFD simulation — solution control

Increase convergency by an aggressive ‘Length Scale Option’

#)0LICH

FORSCHUNGSZENTRUM

» Outline => Simulation => Flow Analysis 1 => Solver => Solver Control => double click LMB

File Edt Sesson Insert Tools Help

Outline

5 g Ggo g pREoxEdMs OF altvevar@dl, ngrRE

G RR e F O W

4 @] Mesh
@ cPtemdb
B Connectivity
4 (@) Simulation
4 (€] Flow Analysis 1
@ analysis Type
4 & Electronics
P£ pefault Solid Solid Interface in Electronics Side 1
B+ Electronics Default
B, Initiszation
& Heat
& Flud
P£ Default Fluid Soid Interface in Fluid Side 1
P& ket
P outlet
I+ symmetry
B, initislizaton
& Foam
P£ Default Solid Solid Interface Side 1
P Foam Default
B, Initislzation
6 Laminate
P+ Default solid Solid Interface in Laminate Side 2

S

S

N

7% Laminate Default
B, wnitislization
& pipe
P Default Fluid Solid Interface in Pipe Side 2
% Default Sold Soid Interface Side 2
7% Ppe Default

S

B,.; nitislization
4 4 Interfaces
18 Default Flid Sold Interface
i1 Default Sold Soiid Interface
4 (8 solver
&' Solution Units

7 Output Control
2k Coordinate Frames
(£ Transformations
b [Z] Materials
(8] Reactions
4 (34| Expressions, Functions and Variables
(%] Additional Variables
Expressions
User Functions
Uscr Routines
4 [&] simulation Control
(@ configurations
b Case Options

Viewl ¥

0 0.050

0.025 0.075

[ :ﬁ‘t  Fluid Flow (CFX) - CFX-P [P R

‘Constant Physics' between fluid domains is not currently enforced. This is & Beta feature, and can be controlled from sither the

£ gutine tree. This opton is accessible only if the ‘Enzble Beta Features’ aption is on.

Leave Pre-Processor

> Main Menu => Close CFX-Pre

Georgian German Science Bridge — Autumn Lectures 2015.10.12.-13. J. Wolters — ZEA-1
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Solver Control (%]
Details of Solver Controlin Flow Analysis 1
Basic Settings | Equation Class Settings | Advanced Options |
Advection Scheme
Option Ith Resolution - ]
Turbulence Numerics =
Option |First order -]
Convergence Control
Min. Iterations 1 ]
Manx, Iterations 100 O
Fluid Timescale Control =
Timescale Control [u
Length Scale Option Aggressive b
Timescale Factor 10
Maximum Timescale
Solid Tmescale Control =]
Solid Timescale [Auho Timescale - ]
Solid Timescale Factor
Convergence Criteria
Residual Type IR.MS - ]
Residual Target 1.E-4
Conservation Target
Elapsed Wall Clock Time Contral
Interrupt Control
Lok J [ ooty [ dloce
< Institute for Engineering,
Electronics and Analytics | ZEA

Management
System

150 9001:2008

Engineering und Technology | ZEA-1
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Exercise: Cooling of electronic components
%, part e): CFD simulation — solve problem

» Main Menu => View => Properties (must be activated)
» Project Schematic => Project C => Solution => LMB

4\ Ceoling of electronic compene

Fle ~ View Tools Units  Extensions

E@J&] /T rosees\

ts - Workbench

Help

#)0LICH

FORSCHUNGSZENTRUM

Toolbox

I Ehnalysis Systems
I Design Assessment

) Eigenvalue Buckling
Electric

W Explicit Dynamics
&5 Fluid Flow (CRX)
&3 Fluid Flow (Fluent)
HarmonicResponse
&5 1c Engine
Magnetostatic
il modal

fily Random vibration

[flj RespenseSpectum

& Rigid Dynamics

[z Shape Optimization (Betz)
Static Structural

Y Steady-State Thermal

B Thermal-Electric

ﬁ Transient Structural

[} Transient Thermal

@ Turbomachinery Fluid Flow
|E| Compaonent Systems

iy ACP(Post)

HF ACP {Pre)

m

dlimport... ‘ <yReconnect [#] Refresh Project  Update Project

Project Schematic

A B i
1 Froperty Value
- A = H Rl 5 il =
4 4 1S 3 Component ID Solution 2
2 | @ Engineering Data v a4 2 | @ Engineering Data v o4 2 & 4 Directory Name Py
3 @ Geometry v o 3 @ Geometry v 4 3@ Mesh \ v 4 5 Initialization Option Update frominitial con.., ¥
4| @ Model v 4 4 @ Model v 4 4 | @ setup v 4 6 Execution Cantrol Canfict Option | Warn =l
5 | @ setp v o4 s @ setup v . 5 | &8 soution | = Csiom oo P
& | @ solution v 4 & @3 soution v 4 6@ Results v 4 3 Salver Arguments -cd G:aniso.cd
7| @ Results v 4 7| @ Results v 4 Fluid Flow (CFX) [ = Mo
simple thermal thermal - fluid elements 10 Notes
11 =
12 Last Update Used Licenses ISYS Academic Research
13 I ti-co tion Post Processo Optio
. 14 Load Option Last Results Only !
Notice: Bl = 5ot
Update Option Run in Fereground 52

>

The option —ccl can be used to include additional

» Specify the complete directory, where the aniso.c¢cl file is located

| command nof provided by

@ Autodyn
{4 Bladecen
R L4
T e e
& Engineering Data A B c D E F
Explicit Dynamics (L5-DYNA Export) 1 Name + | ce.. v | sze - Type - Date Modified le=ron
External Data 2 |\ Cooling of electronic components. wibpj 448 KB | Workbench Project File 10.09.2015 14:57:14 G:\Workbench 16. 1\000-Georgian German Science Bridge
@ Extemal Model 3 |E engineeringData.xml a2 7KB | Engineering Data File 10.09.2015 14:57:13 dpO\SYS\ENGD
Finite ElementHodeler 4 | @ srs.agdb A3 2MB | Geometry File 04.09.2015 09:09:45 dpo\SYS\DM
Fluent ) 5 | @ material.engd [ 7KB | Enginesring Data File 07.09.2015 17:08:31 dp0\SYS\ENGD
2:::&{:::'1 Fluent Meshing) & |@ sYs.enad A4 7KB | Engineering Data Fie 07.09.2015 17:08:31 dp0\global WMECH
& 1Emcr 7 | (@ srs.mechdn A4 11MB | Mechanical Database File 08.09.2015 09:41:25 dp0'global MECH
A Mechanical AFDL - | & |8 srs-zenad B4 7KB | Engineering Data File 07.09.2015 17:08:00 dp0'global MECH
B View Al [ Customize... | |2 \E] svs—z.r?edwdf 85,84 11MB | .mechdb . 08.09.2015 16:51:27 rjpﬂ‘\globa\}MECH

-@ Double-dick component to edit.
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Exercise: Cooling of electronic components
& part e): CFD simulation — solve problem J JU LICH

FORSCHUNGSZENTRUM
St art SI m u I atl O n Solver Input File [ Fles\ep0\CPOCFXFiud Flow Crx.def] ‘ = ‘ n
Global Run Settir
» Project Schematic => Project C => Solution => double click LMB e ——
Double Precision
- Parallel Environmen 13 =]
=> Define Run => Start Run -
Host Name
zat134
Show Advanced Controls
> Convergency control:
Fiﬁﬂm“mw Fiﬁﬂmh‘m'mw Fle Edt ‘Workspace Tooks Moniors  Help
J%‘%!q‘@DEUGﬁ@PdrtwifTﬂéx J%‘%!q‘@DEIUﬁﬁbdrllrifTﬂéx IR N B EBEREROY H M EE x
Wortspace.[Fam P Flow CPX 005 o] Wortspace[Fam P o GPX 008 o] Workapce s Pad ow GPXL 008 o]
Momentum and Mass | Heat Transfer | Turbuence (X0) | Viell and Boundery. Scake | B || Momentum sndMazs | Heat Trors: fer | Torbuience (k0) | wielland Boundery Scake | [x]
o - o
i i i
H H H
& | o] ] o]
@
=
@
£
g . ; . -
g
2
€
2 oeos ) : ‘ : . 10008 : ‘ ‘ : : ‘ : oecs . : : : : ; ‘ : Central Institute for Engineering,
g 0 5, e = S o 5 0 5, e EY 35 ] 5 0 5 e EY 35 Electronics and Analytics |ZEA
3 [ T — T — T rr— e ] [ ey T ———— ] [ [Ty ——— - El o)
E» jaun Congiete jaun Congiete IRun Complete 150 9001:2008 Ha
=
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Exercise: Cooling of electronic components
& part e): CFD simulation — post-processing results

» Project Schematic => Project C => Results => double click LMB

Outire | variabies | Expressons | Caiculators | Turbo |

TELDW 90 Buaw- JASZTO H4HIZO xGHENS

Tools Units  Extensions  Help.

,:[H Project |

JULICH

FORSCHUNGSZENTRUM

B Analysis Systems

Design Ass essment
Eigenvalue Buckling

Bxplicit Dynamics

@ Fluid Flow (CFX)

@ Fluid Flow (Fluent)
HarmanicResponse

5 1cEngine

Magnetostatic

@ Modal

fifi Randomvibration

fily Response Spectum

A RigidDynamics

[E2) Shape Optimization (Bets)
@ Static Structural

[ steady-state Thermal
Thermal-Electric

[ Transient structural

@ Transient Thermal
(G Turbemachinery FluidFlow

Om# /AxlEe bl

simple thermal

thermal -fluid element;

71 P2 Defout Soid Sokd Interfuce Side 1
195 Foam Defautt

193 Defonit Soid Sokd Interface in Laminate Side 2
19% Lamnate Defautt
4 @ Poe
192 Defouit Fiud Sokd Interface n Ppe Sde 2
T1B% Defautt soid Sokd Interface Side 2

W1} Defout Legend view 1
V16D viveframe.
4 &) Report
V)@ TitePage
Vi Feregort
V)@ Mesh Report
VI Physcs Report
16 souton Report
DI[A) User Dota
(21, Disotas Privaartins and Dafaults.

|

COQRR G O~

Z
=
&7
S
S 7
S
P
57
>
S
Z
/
o 0050
0025 0075

0.100 (m)
]

D viewer | TebleViewer | ChartViewer | Comment Viever | Report viewer |

1 1 y-State . ~vmal

2 Engineering Data v 2 @ Engneering Data v .
Bl @i Geometry v ?@ Geometry v 4
4@ Model v 4 @ Model v v .
5 |@ setwn v 5 @ setwp v 4 v 4
6 | @8 Soluton v & | g8 Solution P |
7 | @ Realts v 7| @ Rests L Fluid Flow (CFX)

chematic C6: Results

L

2

3 Always Indude in Design Point Update

4 Component ID Results 2

5 Directory Name X
See Solution

6 Multi-configuration Load Options z"‘mﬁ%"ﬁgi
options (CFX only)

o N

o Used
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Exercise: Cooling of electronic components ' JﬂLlCH
Y part e): CFD simulation — post-processing results S CHUNES TR
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Exercise: Cooling of electronic components
& part e): CFD simulation — post-processing results
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