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First Steps - Conjugate Heat Transfer

ThisFirst Steps - Conjugate Heat Transfer tutorial coversthe basic steps required to set up
aflow analysis problem including heat conduction in solids. This exampleis particularly
pertinent to users interested in analyzing flow and heat conduction within electronics
devices, although the basic principles are applicableto al thermal problems. It isassumed
that you have already completed the First Steps - Ball Valve Design tutorial since it
teaches the basic principles of using Flow Simulation in greater detail.

Open the SolidWorks Model

1 Copy the First Steps- Electronics Cooling folder into your working directory and
ensure that thefiles are not read-only since Flow Simulation will save input data to
thesefiles. Click File, Open.

2 IntheOpen dialog box, browse to the Encl osure Assenbl y. SLDASMassembly
located in the First Seps - Electronics Cooling folder and click Open (or
double-click the assembly). Alternatively, you can drag and drop the
Encl osure Assenbl y. SLDASMfile to an empty area of SolidWorks window.
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In atypical assembly there may be many features, parts or sub-assembliesthat are not
necessary for the analysis. Prior to creating aFlow Simulation project, it isa good practice
to check the model to find components that can be removed from the analysis. Excluding
these components reduces the computer resources and calculation time required for the
analysis.

The assembly consists of the following components: enclosure, motherboard and two
smaller PCBs, capacitors, power supply, heat sink, chips, fan, screws, fan housing, and
lids. You can highlight these components by clicking them in the FeatureM anager design
tree. In this tutorial we will simulate the fan by specifying a Fan boundary condition on
theinner face of the inlet lid. The fan has avery complex geometry that may cause delays
while rebuilding the model. Since it is outside the enclosure, we can exclude it by
suppressing it.

1 Inthe FeatureManager design tree, select
the Fan-412, and all Screw components &

(to select more than one component, hold  # 9 snallche<s> > | &, & -
down the Ctrl key while you select). E& = =
[
[
[

7% small Chip<g -»

1
0 9 small chip<7= -+ | Y "B 8 ¢ |:E:|% B BT

SUppress

1
D& Inwvert Selection

2 Right-click any of the selected

Go Ta...
components and select Suppress |2 . =

Component

]% S| |
..... Ty (-} Inlet Lid <12 (0f
..... T8y (-3 Outlet Lid=1 >

% Configure component
3{& Show with Dependents




Suppressing fan and its screws leaves open five holes in the enclosure. Since we are
going to perform an interna analysis, all the holes must be closed with lids.

To save your time, we created the lids and included them to the model. You just need to

unsupress them.

3 Inthe FeatureManager design tree,
select the Inlet Lid, Outlet Lid and
Screwhole Lid components and
patterns DerivedL Pattern1 and
L ocalL Patternl (these patterns contain
cloned copies of the outlet and
screwhole lids).

4 Right-click any of the selected
components and select

Unsuppress T2 .

Now you can start with Flow Simulation.

Create a Flow Simulation Project

- small Chip<g:= -»
..... @ Fan-412<1 (Fan-412)

® (18

a &%ﬁ-
Unsuppress
1

P

m Irvert Selection

Feature (DerivedLPatternl)
Fa Dissolve Pattern
Isolate Components
Component Display

arent/Child. ..

|% Configure feature

1 Click Flow Simulation, Project, Wizard.

2 OnceinsidetheWizard, select Create new

[ wizard - Project configuration

in order to create a new configuration and
nameitinl et Fan.

Click Next.

Now we will create a new system of units
named USA Electronics that is better
suited for our analysis.

In the Unit system list select the USA
system of units. Select Create new to
add a new system of unitsto the
Engineering Database and name it
USA El ectroni cs.

Flow Smulation allows you to work with

several pre-defined unit systems but often
it is more convenient to define your own

Flow Simulation 2011 Tutorial

ion: [defaul

Comments:

Cancel Help

B T |

Urit system:

mmmmmmm

¥ Create new

Parameter

Pressre

ressure & stiess
Velacity
M

Lengh
Temperatue

Physical time.
HVAC

<Bock |[_Bet> | Cawel | Hep |
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custom unit system. Both pre-defined and custom unit systems are stored in the
Engineering Database. You can create the desired system of unitsin the Engineering
Database or inthe Wizard.

By scrolling through the different groups in the Parameter tree you can see the units
selected for the parameters. Although most of the parameters have convenient units
such asft/s for velocity and CFM (cubic feet per minute) for volume flow rate we will
change a couple of units to that are more convenient for this model. Snce the physical
size of the model may be relatively small it is more convenient to choose inchesinstead
of feet as the length unit.

4 For the Length entry, double-click itscell e
in the Unit column and select Inch. '

Urit system )
Systern Path [ Comment [
G5 (emgs]
FPS (ith-s)

[
FPS (it
IPS (in
NMM ()
Sl (mkas)
usa

1PS finb-s)
MM (mng-s)
5l (mkg:s)
UsA

PreDefined

| ¥ Ceatenew Name: — [UGA Electorics

Decimas nresults | 151unit [
Pz ‘u"“ isplay equas to

Main
Freseure & stiess 12123458 000014503
Velacily (] 2608399
Mass kg 123 1

Lengh =] 12 32808399

Temperatis Wieter 1 45967

Physical time. Decimeter | 1

Cetinear

= >
Konsie: Carel Hep
=

5 Next expand the Heat group in the
Parameter tree.

Select Watt, Watt/meter?, Watt/meter?/
Kelvin asthe unitsfor Total heat flow
and power, Heat flux and Heat transfer
coefficient respectively, because these
units are more convenient when dealing
with electronic components .

 Create new Name: [LI54, E lectionics.

Paametsr | |Deomdspeste | 180t o]
eng n 123
a5

393700767
F 12 45387
123 1

Energy Bty 123458 0000347817
Totel heat flow & porver W 123 1
He Win3ie] 1234

1
nit BLARR'3 1234 009620764 7] ()

C||Ck Next. <Bock |[_Bet> | Cawel | Hep |

6 Setthe analysistypeto Internal. Under
Physical Features select the Heat
conduction in solids check box.

Heat conduction in solidsis selected
because heat is generated by several
el ectronics components and we are
interested to see how the heat is dissipated
through the heat sink and other solid parts

and then out to the fluid. Pocess [ O L. [
<gack [ Hotr | cancd | hep |

Click Next.
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7 Expand the Gases folder and
double-click Air. Keep the default Flow
Characteristics.

Click Next.

8 Expand the Alloys folder and click Steel
Stainless 321 to assign it as the Default
solid.

In the Wizard you specify the default solid
material applied to all solid components
in the Flow Simulation project. To specify
a different solid material for one or more
components, you can define a Solid
Material condition for these components
after the project is created.

[Steel Stainless 321

<Back | [ Net> | Cameel | Heb

»

Defauit solc

Click Next.

9 Select Heat transfer coefficient as
Default outer wall thermal condition and T
specify the Heat transfer coefficient —
valueof 5. 5 W nt2/ Kand Temperature
of external fluid of 50° F. The entered
value of heat transfer coefficient is
automatically coverted to the selected
system of units (USA Electronics).

1o

In the Wall Conditons dialog box of the
Wizard you specify the default conditions
at the model walls. When Heat
conduction in solids isenabled in an internal anlysis, the Default outer wall thermal
condition parameter allows you to simulate heat exchange between the outer model
walls and surrounding environment. In our case the box islocated in an
air-conditioned room with the air temperature of 50°F and heat transfer through the
outer walls of the enclosure due to the convection in the room can significantly
contribute to the enclosure cooling.

Click Next.

Although theinitial temperature is moreimportant for transient cal culationsto see how
much time it takes to reach a certain temperature, in a steady-state analysisit is useful
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to set theinitia temperature close to the expected final solution to speed up
convergence. In this case we will set theinitial air temperature and the initial
temperature of the stainless steel (which represents the material of enclosure) to 50°F
because the box is located in an air-conditioned room.

10 Set theinitial fluid Temperature and the
Initial solid temperature (under Solid
Parameters) to 50° F.

Fressue, tempersture
14.6959473 Ibtfin"2

Velaciy
0fs
0ftss
0fs

Click Next.

11 Accept the default Result resolution and
keep the automatic evaluation of the
Minimum gap size and Minimum wall
thickness.

Flow Smulation cal culates the default
minimum gap size and minimum wall
thickness using information about the
overall model dimensions, the .
computational domain, and dimensions of | et |t
faces on which you specify conditions and
goals. Prior to starting the cal culation, we recommend you to check the minimum gap
size and minimum wall thickness to ensure that small features will be recognized. We
will review this again after all the necessary conditions and goals are specified.

Click Finish. Now Flow Simulation creates a new configuration with the Flow
Simulation project attached.

Wewill use the Flow Smulation Analysistree to define our analysis, just asyou usethe
FeatureManager design treeto design your models.

Right-click the Computational Domain icon and select
Hide to hide the wireframe box.

Define the Fan

A Fan is a type of flow boundary condition. You can specify Fans at selected solid
surfaces, free of Boundary Conditionsand Sour ces. At model openings closed by lids
you can specify Inlet or Outlet Fans. You can also specify fans on any faces within the
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flow region as Internal Fans. A Fan is considered as an ideal device creating a flow
with a certain volume (or mass) flow rate, which depends on the difference between the

inlet and outlet pressures on the sel ected faces.

If you analyze amodel with afan, you should know the fan characteristics. In this example
we use one of the pre-defined fans available in the Engineering Database. If you cannot
find an appropriate fan in the Engineering Database, you can create your own fan in

accordance with the fan specifications.
1

2 Select theinner face of thelnlet
Lid part as shown. (To access
the inner face, right-click the
Inlet Lid in the graphics area
and choose Select Other, move
the pointer over itemsin the list
of features until theinner faceis
highlighted, then click the left
mouse button).

S

Type

External Outlet Fan
Internal Fan

)

Faces fluid exits the fan -]

@

Face=1=@Inlet Lid-1

@)
}zftx IFace Coordinate Systern

Reference axis: Ix 'I

Under Type, select External
Inlet Fan.

In the Fan list, under
Pre-Defined, Axial, Papst, select the Papst 412 item.

Under Thermodynamic Parameters check that the
Ambient Pressure Py is the atmospheric pressure.
Accept Face Coordinate System asthe reference
Coordinate system _}zf.x and X asthe Reference axis.

Flow Simulation 2011 Tutorial

Click Flow Simulation, Insert, Fan. The Fan diaog box appears.

b3

Fan

[=]- Pre-Defined

| [ Fan Curves
- Axial

B Fapst
. [#-Radial

&1 User Defined

[Papst 412 =]

Thermodynamic =

Parameters

P% |14.ESES4?’3Ibffin : Fe

a (£
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L3 Now you can edit the External Inlet Fan 1 itemor add a new % ﬁg!!!

3 Since the outlet lids of the enclosure are at ambient

[J Face coordinate system is created automatically in the center of a planar face when

you select this face as the face to apply the boundary condition or fan. The X axis of
this coordinate systemis normal to the face. The Face coordinate system is created
only when one planar face is selected.

- Boundary Condi
Click Ok % . The new Fans folder and the B Fl sty mendtens

External Inlet Fan 1item appear in the Flow {12 Estemallnlet Fan 1
Simulation Analysistree. LR ok

v Automatic Rebuild
Rebuild
Hide Coordinate System
Clone Project. ..

fan using Flow Smulation Analysis tree. This folder remains =&
visible until the last feature of this type is deleted. You can
also make a feature folder to beinitially available in the tree. -
Right-click the project name itemand select Customize Tree Clear Configuration

@88 onenproject Direct
to add or remove folders. S
Basic Mesh Colar, ..
Run

atmospheric pressure, the pressure rise produced by thefan is
equal to the pressure drop through the electronics enclosure.

Define the Boundary Conditions

2-8

A boundary condition isreguired in any place where fluid enters or exits the model,
excluding openings where a fan is specified. A boundary condition can be set in form of
Pressure, Mass Flow Rate, Volume Flow Rate or Velocity. You can also use the
Boundary Condition dialog for specifying an | deal Wall condition that is an adiabatic,
frictionless wall or aReal Wall condition to set the wall roughness and/or temperature
and/or heat conduction coefficient at the selected model surfaces. For internal analyses
with Heat conduction in solids enabled, you can also set thermal wall condition on outer
model walls by specifying an Outer Wall condition.

|n the FlOW Simulation ana|ySIStree right-CliCk the : ------ @ Computational Domain
Boundary Conditions icon and select Insert 9 SoldMateras
Boundary Condition.




2 Select theinner faces of al outlet
lids as shown.

3 Select Pressure Openings |® |
and Environment Pressure.

Selection

]

@

i

Face«1 =@Outlet Lid-1
Farce <1 =@Outet Lid-2

_be IGIDbaI Coordinate System

Reference axis: Ix vI

4 Keep the defaults under Thermodynamic Parameters,
Turbulence Parameters, Boundary Layer and

Options.Click OK U The new Environment
Pressure 1 item appearsin the Flow Simulation

Analysistree.

Type ]

B

Ervviranrnen [N Openings

Skatic Pressare
Tokal Pressure

The Environment pressure condition is interpreted as a static pressure for outgoing
flows and as a total pressure for incoming flows.

Define Heat Sources

1 Click Flow Simulation, Insert, Volume Source.

2 Select the Main Chip from the
flyout FeatureManager design
treetree to add it to the
Components to Apply the

Volume Source B& list.

3 Select the Heat Generation

Rate |E| as Parameter.

“ " Yolume Source

« R

¥

Selection

®

[ain Chip- L@Enclosure &s

,y»x IGIobaI Coordinate System

Reference axis: Ix vl

4 Enter 5 Win the Heat Generation Rate () box.

5 ClickOK %

Flow Simulation 2011 Tutorial

]—% [fl Enclosure<1s

]—% MatherBoard<1: -»

% Prect>

+ % prees o

]—% Capacitor 13 -»

]—% Capacitor<2: -»

]—% Capacitars 3 -»

]—% Power Supply<1s -»
]—% Heat Sirk< 1> - [Rectan...

%
SR Smal%’nimb s

Ty Small Chipc2s >

i O e B e IO oy O e O O e B g B o B B e

b3

Parameter

PRI
Q |5 Heat Generation HateE
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2-10

6 IntheFlow Simulation Analysistree, click-pause-click the

new VS Heat Generation Rate 1 item and rename it to
Mai n Chi p.

E‘}o Heat Sounces

o

Volume Heat Sources allow you to specify the heat generation rate (e.g. in Watts) or the
volumetric heat generation rate (e.g. in Watts per volume) or a constant temperature
boundary condition for a volume. It is also possible to specify Surface Heat Sourcesin
terms of heat transfer rate (e.g. in Watts) or heat flux (e.g. in Watts per area).

Click anywhere in the graphic areato clear the selection.

1 IntheFlow Simulation analysistree, right-click the Heat Sources icon and select

Insert Volume Source.

2 Intheflyout FeatureManager —— =
design tree, select al Capacitor %
components.

Capacitor-1@Enclosure As
Capacitar-
Capacitor-3m

3 Select the Temperature | V| as
Parameter and enter 100 °F in

}z:»x IGIobaI Coordinate System

Reference axis! Ix - l

Parameter _

the Temperature T box.

4 ClickoKk ¥

5 Click-pause-click the new Vs @nﬁnw
Temperature 1 item and rename | 1
itto Capacitors.

Click anywhere in the graphic areato clear the selection.

—L COrrigin

& (1) Enclosurec 1>
]_% MotherBoard<1s -»
% PCB<T

8 Preezs

J—% Power Supply<1s -»
8 Heat Sink<1> > [Rectan...
& Main Chip<T

T8 Small Chip<1s >

) Small Chipe 2>

T8 Small Chipe3s >




6 Following the same procedure as
described above, set the volume

% Capacitor<1» -»
% Capacitor¢2s -»

Selection R

. Small Chip-4@Enclosure « .
heat sources: all chi pson PCBs ® Small Chip—S@Enclosure_I % Capacitar< 3> -»
P H Small Chip-6@Enclosure Pawer Supply<1s -»
(Small Chip components) with =l Chip T BEndlosu

the total heat generation rate of B HeatSinkct - Rectan.

4 W, Power Supply with \ :
the temperature of 120 °F. }z"x IGIDbaI Coordinate System

Reference axis: Ix - l

Parameter R
I‘;@ g IITlDI

Q |4 W1 Heat G eneration Hatei

Small Chip-8@Enclosur

] Imet Lid< 1 -

—;-» Origin

[]—% [fl Enclosure< s
F-8 MotherBoard<1s -
E]—% FCB<13 -»
= PCBe2
[]—% Capacitor< 13 -»
E]—% Capacitor< 2> -»
[]—% Capacitar< 37 -»
£
£
£
[E
[E
£

b

Selection

% Power Supply-1@Enclosur

}szx IGIobaI Coordinate System

Reference axis! Ix - I

Parameter A
of |15 ||T|
T [0

7 Rename the source applied to the chipsto Smal | Chi ps and E B4 Hest Sources
the source for the power supply to Power Suppl y.

%

7 Heat Sink<1> -» (Rectan...
Y Wain Chip<1>

T Small Chip<s »

8 Small Chip<2s

Y Small Chipa® >

LB Main Chip
Click File, Save.

g Capacitars
g Small Chipz
. } Power Supply
Create a New Material

Thereal PCBs are made of laminate materials consisting of severa layers of thin metal
conductor interleaved with layers of epoxy resin dielectric. Asfor most laminate
materials, the properties of atypical PCB material can vary greatly depending on the
direction - along or across the layers, i.e. it is anisotropic. The Engineering Database
contains some predefined PCB materials with anisotropic thermal conductivity.

In thistutorial example anisotropic thermal conductivity of PCBs does not affect the
overall cooling performance much, so we will create a PCB material having the same
thermal conductivity in dl directionsto learn how to add a new material to the
Engineering Database and assign it to a part.

1 Click Flow Simulation, Tools, Engineering Database.
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2 IntheDatabase tree select Materials, Solids, User Defined. b Cities
8 Cortact Thermal Resistanc

2 Custom - Visualization Para

3 Click New Item g on the toolbar. =¥
1 anE
M Heat Sinks

The blank Item Properties tab appears. Double-click the & o

empty cells to set the corresponding properties val ues. %6 Compressible Linuids

. . . . H-HY Gases
4 Specify the material properties as follows: 56 Ligids

& MNonewtonian Liquids

Name = Tutorial PCB,

Comments =1 sot ropi ¢ PCB, -l Poal Gases

=-ZF Solids
Density =1120 kg/ 3, ---3? Pre-Defined
Specific heat = 1400 J/ (kg*K) , = IR
-2} Steam

Conductivity type =1 sotropi ¢
Thermal conductivity =10 W (n*K),
Melting temperature =390 K.

Froperty | Yalue

Marne Tutorial FCE
Commentz |sotropic PCB
Derzity 1120 kgém™3
Specific heat 1400 J/Tkg®)
Conductivity type |zotropic
Therrnal conductivity 0% k)

relting temperature

We also need to add a new material simulating thermal conductivity and other thermal
properties of electronic components.

5 Switch to the Items tab and click New Item g on the tool bar.Specify the properties
of the chips material:

Name = Tutorial conmponent package,
Comments = Conponent package,
Density =2000 kg/ n3,

Specific heat =120 J/ (kg*K),
Conductivity type =1 sotropi c

Thermal conductivity =0. 4 W (ntK),
Melting temperature =390 K.

Froperty | Yalue

MHame Tutarial component package
Comments Component package
Dienzity 2000 kgfm”™3

Specific heat 120 J/kg )

Conductivity type |zotropic

Thermal conductivity 0.4 % Amk)

telting temperature 390K]

6 Click Save E.

7 Click File, Exit to exit the database.
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You can enter the material propertiesin any unit system you want by typing the unit

name after the value and Flow Smulation will automatically convert the entered value
to the Sl system of units. You can also specify temperature-dependent material
properties using the Tables and Curves tab.

Define Solid Materials

Solid Materials are used to specify the materials for solid parts in the assembly.

1

In the Flow Simulation analysis tree, right-click the Solid Materials icon and select
Insert Solid Material.

In the flyout FeatureM anager
design tree, select the
MotherBoard, PCB<1> and
PCB<2> components.

Selection # — I—u Orngin

]_
% MotherBoard- 1@Enclosure % [f] Enclasura: 1>

Enclosure Assembl

]—% Capacitor<1 -»
]—% Capacitor<2s -»

In the Solid list, expand User
Defined and select Tutorial

£
E
£
E
E
E
PCB. solid A -8 Capacitorc3s
[ Pre-Defined E]—% Pawer Supply<1s >
Bl User Defined - Heat Sink<1> -+ [HeatSin...
Tutorial component pack []—% k ain Chip<1x
58 Small Chip<t>
= Small Chipe2s »
8 Small Chipe 3
8 Small Chipsds
=% 5mall Chip<5> >
/ i 58 Small Chip<B> >
Click Ok % . : 3 B8 Small Chipe?s -
[Tutorial pE W | w8 Small Chip<ds

Following the same procedure,
specify solid materials for other components:

« fortheMain Chip and all Small Chips assign the new Tutorial component
package materia (available under User Defined);

* theHeat Sink is made of Aluminum (available under Pre-Defined, Metals);

e thelids(Inlet Lid, Outlet Lid, ScrewholeLid and al lidsin both the
DerivedL Patternl and L ocalL Patternl patterns) are made of the Insulator
material (available under Pre-Defined, Glasses and Minerals).

To select apart, click it in the FeatureM anager design tree or SolidWorks graphics
area.

Change the name of each assigned solid material. r:g Salid Materials

The new, descriptive names should be: - PCB - Tutorial PCB

PCB - Tutorial PCB, T8 Chips - Tutorial companent package
Chips - Tutorial conponent package, +~ @ Heat Sirk- Aluminum

Heat Sink - Al uminum @ Lids - Insulakaor

Lids - Insul ator.
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Click File, Save.

Define Engineering Goals

Specifying Volume Goals

2-14

1

In the Flow Simulation analysistree, right-click the LR Godks

. I
Goals icon and select Insert Volume Goals. ‘B Res  Insert Global Goaks...

Inzert Point Goals...

& Ingert Surface Goals...

o Inzert Yolume Goals...

@ Surface Plats
In the flyout FeatureManager design [eaeeion A 5 i
. E]—% (fl Enclosure<1>
tree select all Small Chip MR | I
components. Sruall Chip-G@Enclos: / - prects
=B Pre o
In the Parameter tabl e %I ect the ™ Create goal for each component: "8y Capacitorc1s +
. E]—% Capacitard 25 =
Max check box in the Temperature oo a1l B Capaciion® 5
of Solid row. Parameter btin [ e | M [Bulk & Use | 8 Power Supplyc> >
ckatic Prossure Ooo o -8 Heat Sirk< 1y > [HeatSin
Accept selected Use for Conv. (Use |[mteless 0 O 0 O TP an thipct>
Dynamic Pressure [ [ [0 [ R Y
for Convergence Control) check Temperature of Flid L] |1 (] |LJ LY
. Densit O oo o
box to use this goal for convergence | | msime ul Ei&
Velocity O oo o
control. - Compenentoi v 01 0 |0 Ei&
Y - Component of Vel [ [ [0 [
i w Z-omponent of vel (1 1 [ [ ‘ []_Q
Click OK . The new VG Max Machtmber 0 0 0 O J 7%
) . Turbulent Wiscosity [ [ [ [ _ﬂ(ﬂ Far-d12<15 (Fan-412)
Temperature of Solid 1 item Turbulent Time O 0o o % [ Screwdds (Defaul)
. . . TurbulentLength [ 1 [0 [] =
appears in the Flow Simulation Tutbident mtersty |0 |00 |0 [ e e
: Turbulent Energy [ [ [ [ -
Anal yg stree. Turbulent Dissipation [ [ [ [ []_% Screw<4.> Deraul]
Temperaturs of Salid [ [ [ Iret le_d) ”
Melting Tempersture [ ] D_% [ Outtlet Lide 12> -»
Mass Fraction of air [ [] O []_% Serewhole Lidc1> >
A Yolume Fraction of & (][] O []‘@@ Matelroupl
Change the name of the new itemto =8 ® Gaalk
VG Smal | Chi ps Max Tenperatu e WG Max Temperature of Galic
re. You can aso change the name of 1 Bg Resuls Edit Defirition...
theitem using the Feature Properties g

Delete...

dialog that appearsif you right-click

the item and select Properties.
Coopy to Project,

Feature Properties 7] x|

Right-click the Goals icon and select Mame: [#5 Small Chips Max Temperatur
Insert Volume Goals.

™ Suppress



8 Select the Main Chip itemin the
flyout FeatureManager design tree.

9 IntheParameter table, select the
Max check box inthe Temperature

of Solid row.

10 Click OK %

11 Rename the new VG Max
Temperature of Solid 1 item to
VG Chi p Max Tenper at ure.

Click anywhere in the graphic area
to clear the selection.

Specifying Surface Goals

Selection A —1 aiigin
% MMain Chip-1@Enclosur []_% I Enclosure 1>

I - MotheiBoarde1s >

[}% FCB<1>
=% Feoa »
Parameter A -8 Capaciarc> >
Parameter [min [ aw [Max [Bulk Av[use | D_% Capaciare2> -
Static Pressure O oo o B Capaciorc®> >
Tokal Pressure O oo o #-% Power Supplyct >
Dynamic Pressure ] [ [ [ U‘% Heat Sink<1> -» HeatSin.
Temperature of Fluid (][] (][] G
Density W} 5% Small Chip<1s >
Mass in Yolume: O % Small Chip<2>
Yelocky (EH[ml B Smal Chipea> >
% - Component of wel (] [ [0 [ %
W - Component of wel (][] [ [ D Smal Chip<d> -»
Z- Component of el (] [ [0 [ []_% Small Chip<Ss >
Machtumber ] 10 0 - smal Crip<s -»
Turbulent Wiscosity [ [ O[] g []—% Small Chips 7> -»
Turbulent Time O /oo g J B Smal Chipess »
Turbulent Lemgth (] [ 1 [ "8 Fan-412¢1> [Fan-412)
Turbulent Intensicy [ [ [ [ % () Screw<]s Defaul)
Turbulent: Eneray o oo g *“\3‘; Screwcy [Defaul)
Turbulent Dissipation (1 [ [ [ |
Temperature of Solid (][] N\?) Sotepcly (Detal)
Melting Temperature (1 [ [] % Screwcds Defaul)
Mass Fraction of ar (][] (][] S () Ikt Lick 15 >
wolume Fraction of & (1 [ O [ U‘% [-) Dutlet Lide 13 >
E||*i Goals

1 Right-click the Goals icon and select Insert Surface

Goals.

Flow Simulation 2011 Tutorial

Inzert Global Goals. .

Inzert Point Goals.

Ik ur

Inzert Walume Goals...
Inzert Equation Goal..

Delete Al
@ Surtace Flots
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2 Click the Flow Simulation Analysis Tree tab
and click the External Inlet Fan litemto
select the face where the goal is going to be
applied.

3 Inthe Parameter table select the Av check box
in the Static Pressure row.

4 Accept selected Use for Conv. (Use for
Convergence Control) check box to use this
goal for convergence control.

EJ For the X(Y, Z) - Component of Force and X(Y,
Z) - Component of Torque surface goals you

BT[] = |
i @ Chips - Silicon
! @ FCE - Epoxy
|‘:"| Eﬁ Boundary Conditions
------- Ef] Environment Fressure 1

Main Chip

é '"" r ik, hl
o |

Jﬁll% E|

can select the Coordinate systeminwhich these .z s¢

goalswill be calculated.

5 Under Name Template, located at the bottom

Selection

@ [Face<t>@inlet Lid-1

b

b3

@)
Parameter

Parameter |Min |P.v MaxlBuI|Usn|A
Static Pressure | [ O O
TatalPressure [ [ [0 [
Dvnamic Pressc [ [ [ [
Temperature of [ [ [ [
Diensity OO0 O
Mass Flow Rake O

Mame Template

b3

of the PropertyManager, click Inlet |<#:| and then remove | |8 Inlet <Parameter]

the <Nunber > field from the Name Template box. [cafs | [cbas | [exeo | <]

6 Clickok ¥ . Thenew SG Inlet Av Satic Pressure goal

appears.

Click anywhere in the graphic areato clear the selection.
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7 Right-click the Goals icon and select Insert @ | e ) |=

Surface Goals. 7 [L]] Computational Domain -]
8 Click the Flow Simulation Analysis Tree tab EI @ Solid Materials J
and click the Environment Pressure 1itemto % Lids - Insulator

% Heat Sink, - Aluminum

select the faces where the goal is going to be
9 going e % Chips - Silicon

lied.
app ed P B % PCE - Eposy
9 IntheParameter table select the first check |E| ﬂ Boundan Conditions
box inthe Mass Flow Raterow. L. m Environment Pressure 1
% Cown hd
10 Accept selected Use for Conv. (Use for ﬂ plet | ;IJ
Convergence Control) check box to use this CIERENEED
goal for convergence control.  Gon -
o ¥
Selection -

Face<1=@outlet Lid-1
Face<1=@outlet Lid-3
Face<1=@outlet Lid-2

(7]

[T Create goal for each surface

11 Under Name Template, located at the bottom

b3

of the PropertyManager, click Outlet |<b>| and | Parameter

then remove the <Nunber > field from the Parameter | Min IFE; IMDax [Bul|Usi|

Static Pressure | [
Name Template.
P Total Pressure [ ][]

Dvnamic Pressu [ ] [ [
Temperature of (1 [ [ [
Diensity oo o

|<;||<E||<;”<;| Mass Flaw Fate}
- Wolume Flow Ra

o
CACARCACAYE]

b3

Mame Template

ISG Outlet <Parameter:

K

12 Click OK %  The SG Outlet Mass Flow Rate goal appears.

Specifying Global Goals

1 Right-click the Goals icon and select Insert Global =@ Goals
Goals. Inzert Global Goals. . k

Inzert Point Goals...

Inzert Surface Goals...
Inzert Waolume Goals...
Inzert Equation Goal...

HHE Delete sl
....... {3 TTUPlots

Flow Simulation 2011 Tutorial 2-17




Chapter 2 First Steps - Conjugate Heat Transfer

2 IntheParameter table select the Av check

X Parameter 3
boxes in the Static Pressure and ,
X Paramneter [Min [ | Mas |Bulk A Use [«
Temperature of Fluid rows and accept Static Pressure 0O 0O 0
selected Use for Conv. (Use for Tatal Pressure (I
Dynamic Pressure [ (] O] |
Convergence Control) check box to use Tomperature of Fiid | oo
these goals for convergence control. Density O oo o
Mass Flow Rate O
Welocity O gong O
% - Component of vel 1 [ 0 [
v - Component of vel [ (] [ [
7 - Component of vel [ (] 1 [
Marh Murnber O o0 O
Turbulent Wiscosiey ] (] O] | |
Turbulent Time O oo O
Turbulent Length [ O] [ ([
Turbulent Intensity ] (] O] |
Turbulent Energy [ ] 1 [
Turbulent Dissipation ][] 1 |
Heat Flz O g
% - Component of He [ [ [
¥ - Component of He [ [ [
Z - Component of He [ [ [
Heat Transfer Rate O
% - Component of He O -
J o
Name Template 3
IGG <Parametery|
x> [|ctts|
3 Remove the <Nunber > field from the = Goals

I’-'a Gl Ay Static Pressure

Name Template and click OK % The GG Av

Satic Pressureand GG Av Temperatur e of
Fluid goals appear.

a3 Ay Temperature of Fluid
fﬁ‘ 3G Inlet Av Static Pressure
fﬁi 5G Qutlet Mass Flow Rate
s ﬁﬂ WG Chip Max Temperature

------- ﬁﬂ W3 Small Chips Max Temperature

In thistutorial, the engineering goals are set to determine the maximum temperature of the
heat generating components, the temperature rise in air and the pressure drop and mass
flow rate through the enclosure.

Click File, Save.

Next let us check the automatically defined geometry resolution settings for this project.
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Changing the Geometry Resolution

1 Click Flow Simulation, Initial Mesh.

2 Select the Manual specification of the
minimum gap size check box. S

I~ Acvanced natow charmeleinemert ¥ Gpinizsthin walls rescton

fiest | W automalic setings [ Show basic mest h

3 Enter0.1 in fortheMinimum gap size (i.e. passage 01
between the fins of the heat sink).

Entering valuesfor the minimum gap size and minimum
wall thickness is important when you have small
features. Setting these values accurately ensures that
the small features are not " passed over" by the mesh.
The minimum wall thickness should be specified only if there are fluid cells on either
side of a small solid feature. In case of internal analyses, there are no fluid cellsin the
ambient space outside of the enclosure. Therefore boundaries between internal flow
and ambient space are always resolved properly. That is why you should not take into
account the walls of the steel cabinet. Both the minimum gap size and the minimum
wall thickness are tools that help you to create a model-adaptive mesh resulting in
increased accuracy. However the minimum gap size setting is the more powerful one.
The fact is that the Flow Smulation mesh is constructed so that the specified Level of
initial mesh controls the minimum number of mesh cells per minimum gap size. And
this number is equal to or greater than the number of mesh cells generated per
minimum wall thickness. That's why even if you have a thin solid feature inside the
flow region it is not necessary to specify minimumwall thicknessif it isgreater than or
equal to the minimum gap size. Specifying the minimum wall thickness is necessary if
you want to resolve thin walls smaller than the smallest gap.

Click OK.
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Solution

1 Click Flow Simulation, Solve, Run.
2 Click Run.

The solver takes about twenty to
thirty minutes to run on atypical PC.

You may notice that different goals
take different number of iterationsto
converge.

The goal-oriented philosophy of
Flow Smulation allows you to get
the answer s you need in the shortest
amount of time.

Run

) Confinue elculation

~ CPU and memory usage

Run at: IThis computer (CAD session) 'l
Use |2 vI CPU(s)

~ Results processing after finishing the calculation

W Load results Batch Resuilts

2] x]
7~ Startu
? Fiun
¥ | flesh I | ke previous results
W Salve &I
& New calculation Help |

For example, if you were only interested in the temperature of fluid in the enclosure,
Flow Simulation would have provided the result more quickly then if the solver was
allowed to fully converge on all of the parameters.

Viewing the Goals

1 Right-click the Goal Plots icon under Results and select .02 Resuts

Insert.

2 Click All inthe Goals diaog.
3 Click OK.
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[5G v Static Pressure 1
[w]5G Mass Flow Rate 1
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An Excel spreadsheet with the goal results will be open. The first sheet will show atable
summarizing the goals.

Enclosure Assembly.SLDASM [Inlet Fan]

Goal Name Unit Value Averaged Value [Minimum Value [Maximum Value|Progress [%] |Use In Convergence
GG Av Static Pressure Ibf/in"2] 14.69678696 14.69678549 14.69678314 14.69678772] 100|Yes
SG Inlet Av Static Pressurg [Ibf/in"2] 14.69641185 14.69641047| 14.69640709 14.69641418 100|Yes
GG Av Temperature of Fluid [°F] 61.7814683 61.76016724 61.5252449 61.86764155| 100|Yes
SG Outlet Mass Flow Rate| [Ib/s] -0.007306292 -0.007306111] -0.007306913| -0.007303663| 100|Yes
VG Small Chips Max Temg [°F] 91.5523903 90.97688632] 90.09851988 91.5523903 100|Yes
VG Chip Max Temperature| [°F] 88.51909612 88.43365626 88.29145322] 88.57515562] 100|Yes

You can see that the maximum temperature in the main chip is about 89 °F, and the
maximum temperature over the small chipsis about 92 °F.

] Goal progress bar is a qualitative and quantitative characteristic of the goal
convergence process. When Flow Simulation analyzes the goal convergence, it
calculates the goal dispersion defined as the difference between the maximum and
minimum goal values over the analysis interval reckoned from the last iteration and
compares this dispersion with the goal's convergence criterion dispersion, either
specified by you or automatically determined by Flow Smulation as a fraction of the
goal's physical parameter dispersion over the computational domain. The percentage
of the goal's convergence criterion dispersion to the goal'sreal dispersion over the
analysisinterval is shown in the goal's convergence progress bar (when the goal's real
dispersion becomes equal or smaller than the goal's convergence criterion dispersion,
the progress bar isreplaced by word "Achieved"). Naturally, if the goal's real
dispersion oscillates, the progress bar oscillates also, moreover, when a hard problem
is solved, it can noticeably regress, in particular from the "achieved" level. The
calculation can finish if theiterations (in travels) required for finishing the calculation
have been performed, or if the goal convergence criteria are satisfied before
performing the reguired number of iterations. You can specify other finishing
conditions at your discretion.

To analyze the results in more detail |et us use the various Flow Simulation results
processing tools. The best method for the visualization of how the fluid flows inside the
enclosureis to create flow trajectories.
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Flow Trajectories

2-22

Right-click the Flow Trajectories
icon and select Insert.

Click the Flow Simulation Analysis
Tree tab and then click the External
Inlet Fanl item to select the inner
face of theInlet Lid.

Set the Number of Points |:+#| to
200.

Under Appearance, Set Draw
Trajectories as % Bands.
Make sure that Color by Parameter

| i | is selected and then change the
parameter to Velocity.

0 If Color by Parameter In.nl is

selected, then the traj ectories are
colored in accordance with the
distribution of the parameter

specified. If you select Color |.-.o.-.|
then all flow trajectories will have a
fixed color specified by you.

i @ Parhicle Studym
L THE Y Plots

Blr]ke|<|

Eﬁ Boundary Conditions =
O P Environment Pressure 1 —
E |:]"' Faris i
] D: External Inlet Fan 1 LIL
EOEM_
¥ =5
Starting Points A
Foal 1R

L[[:lj F-Emulnh-‘l' Lid-1

[ 1n plane
[;E’| [200

| ﬁ | ID. 0333700757 in

ol

Click OK % . The new Flow Trajectories 1 item appears in the Flow Simulation

Analysistree.



Thisis the picture you should see.

Notice that there are only afew trajectories along the adjacent to the wall PCB<2> and
this may cause problems with cooling of the chips placed on this PCB. Additionally the
blue color indicates low velocity in front of thisPCB<2> .

Right-click the Flow Trajectories 1 item and select Hide. 525 Flow Trajectories

Flow Trajectories 1

Click anywhere in the graphic areato clear the selection. s Partic |
Let us now examine the velocity distribution in more 7% Foinl P
detail . i Sutace Clear and Hide

-[[F] Yelume Clane
l/_\é #TPlot Delete.
=-# Goal Pl

LB G I
@ Repoit Animahion...

- Arimatis  Expart...
L Referer  Saveds..

Create Curves

Copy to Project....

Froperties...
—_

Flow Simulation 2011 Tutorial 2-23



Chapter 2 First Steps - Conjugate Heat Transfer

Cut Plots

1 Right-click the Cut Plots icon and select Insert.

Set the Front plane as the section plane. selection A

3 Under Contours, select Adjust Minimum and Maximum @ |'@'| |'@'| |'@'|

|E_:]| ChangetheMin and Max valuesto 0 and 10 ft/s | =1 [rront
respectively. The specified val ues produce a palette where

it is easier to determine the value. - |—u in B

4 Setthe Number of levels f# to 30. ),

5 ClickoKk % .Thenew Cut Plot 1 item appearsin the
Flow Simulation Analysistree.

6 Select the Top view & rﬁ% iy on the Standard Views toolbar.

L et usnow look at the fluid temperature.
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7 Right-click the Cut Plot 1 icon and select Edit E| {;g Cutt Plats

Definition. g
! {) Surface E-:Ilf Definition...
{::, I_s.osuﬁau .
8 Changethe Offset I to-0.3 in. Selection &
B = (@ E
LII_JJ Front
bi |03 =
) =
9 Change the Parameter from Velocity to Fluid = A
Tem peratu re. IFIuid Temperature j
10 Change the Min and Max valuesto 50 and 120 F £ W:{
respectively. -
E, |5n F j|£|
f# a0 =
Ly |
11 Under Display, select Vectors | 4 |. Display A
" =
12 Under the appeared Vectors tab, make sure that the E' onteurs
Parameter is set to Velocity and then select Adjust |21 150lines
Minimum and Maximum | £/ |. @'I Wectors
13 Set the Max valueto1 ft/s. |EH | Mesh

By specifying the custom Min and Max values you can control the vector length. The
vectors whose velocity exceeds the specified Max value will have the same length as
the vectors whose velocity is equal to Max. Likewise, the vectors whose velocity is less
than the specified Min value will have the same length as the vectors whose velocity is
equal to Min. We have set 1 ft/sto display areas of low velocity.

14 Change the Vector Spacing %2 t0 0.18/in. Vectors

2 I\-'elocity

O —
E|uru3—

ID.18in

C

&) I_

Hogan

L

]
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15 Click Ok % .

Right-click the Cut Plot 1 item and select Hide. Let us now display solid temperature.

Surface Plots

2-26

1 Right-click the Surface Plots item and select Insert. L Surtace Flots

[=-£2 Flow Trajectories

(- 8 Flow Trajectories 1

2 In theflyout FeatureM anwe’ deS| gl’l tree CI |Ck the M a| n _

Chip, Heat Sink and all Small Chip componentsto select —
. @ Face<1>@Main Chip-1 -
their surfaces. Face<2>@Main Chip-1
Face<3=@Main Chip-1
Face<4=@Main Chip-1
Face<5=@Main Chip-1
Fare<f smMain hin-1_2

[T Use all faces

Under Contours, change the Parameter to Solid

Temperature. B2 [solid Temperature =
Change the Min and Max valuesto 50 and 120 F o P
respectively. | =
N ET =)«

Click ok %
Fe a0 =
L1 |




6 Repeat steps1 and 2 and select the Power Supply and al Capacitors components,
then click OK % .

7 Onthe View toolbar click Wireframe [E) to show only the face outlines.

You can view and analyze the results further with the post-processing tools that were
shown in the First Steps - Ball Valve Design tutoria. Flow Simulation allows you to
quickly and easily investigate your design both quantitatively and quaitatively.
Quantitative results such as the maximum temperature in the component, pressure drop
through the cabinet, and air temperature rise will alow you to determine whether the
design is acceptable or not. By viewing qualitative results such as air flow patterns, and
heat conduction patternsin the solid, Flow Simulation gives you the necessary insight to
locate problem areas or weaknesses in your design and provides guidance on how to
improve or optimize the design.
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