COSMOSFloWorks 2004 Tutorial

First Steps - Conjugate Heat Transfer

This First Steps - Conjugate Heat Transfer tutorial covers the basic steps to set up aflow
analysis problem including conduction heat transfer in solids. This exampleis particu-
larly pertinent to users interested in analyzing flow and heat transfer within electronics
packages although the basic principles are applicable to al thermal problems. It is
assumed that you have already completed the First Steps - Ball Valve Design tutorial
since it teaches the basic principles of using COSMOSFloWorks in greater detail.

Open the SolidWorks Model

1 Copy theFirst Steps- Electronics Cooling folder into your working directory and
ensure that the files are not read-only since COSMOSF oWorks will save input
datato thesefiles. Click File, Open.

2 In the Open dialog box, browse to the Enclosur e Assembly.SL DASM assembly
located in the First Steps - Electronics Cooling folder and click Open (or dou-
ble-click the assembly). Alternatively, you can drag and drop the
Enclosure Assembly.SLDASM file to an empty areaof SolidWorkswindow.
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Heat Sink PCB

Inlet Fan

N
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Capacitors

Power Supply Mother Board

Preparing the Model
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In the analysis of an assembly there may be many features, parts or sub-assemblies that
are not necessary for the analysis. Prior to using COSMOSFloWorks, it is good practice
to check the model to single out components that will not be involved in the analysis.
Excluding these components decreases the required computer resources and calculation
time.

The assembly consists of the following components. enclosure, MotherBoard and PCBs,
capacitors, power supply, heat sink, chips, fan, screws, fan housing, and lids. Y ou can
view these components by clicking on the features in the SolidWorks Feature Manager.
In thistutorial we will ssimulate the fan by specifying a Fan boundary condition on the
inner face of the inlet lid. The fan has very complex geometry that may cause delays
while rebuilding the model. Sinceit is outside of the enclosure we can exclude it to has-
ten operations with SolidwWorks.

1 In the FeatureManager, select the Fan, Screwsand = ¢ [EHGEE
Fan Housing components (to select more than one
component, hold down the Ctr| key while you
select).

Go To..

Hide components
Setto Lightweight
Eix

% Fan<1> -

2 Right-click any of the selected components and choose Suppr ess.

Now you can start with COSMOSF oWorks.
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Create a New Material

The chips are made of Epoxy but Epoxy is not a default material in the COSMOS-
FlowWorks Engineering database so we must create it.

1 Click FlowWorks, Tools, Engineering Database.
2 Inthe Database tree select M aterial, Solids, User Dfsbase o

& Custom - Visualization Parameters
--I\: Fan Curves

Defined. Click New Item [ on the toolbar. '

The blank Item Propertiestab appears. Double-click the

B Material

Lo Gases

Liguids
MNon-MNewtonian/Cormpressible liquids

empty cell to set the corresponding property value. | S o Detnes
=8 | = Defined
3 Specify the material properties as follows: % hageenn

4> Radistive Surface
£& Units

Name= Epoxy,

g
File Edit Yiew LUnits Help

Comment = Epoxy Resin, 1| BEwE e« > > P
Dms”:y =1120 kg /m3 , 'Jlmﬂhﬂseﬂei [ List £ Bem Properes | B Tabies and Curvio: |

SpecificHeat = 1400 J/kgK, o |
Thermal Conductivity =0.2 W/mK,
Melting Temperature=1000 K.

Hame Epoy
Commen 1 Epoey Fesin
Danziny 11280 kafm ™3
Specific heat 1400 Skt
Thirmal conductnaby 112 W™y
Melting temparature 1000

4  Click Save J

L) You can enter the material propertiesin any unit system you want by typing the
unit name after the value and COSMOSFIoWorks will automatically convert the
value to metric. You can also enter material propertiesthat are temperature
dependent using the Tables and Curves tab.

Define a Custom Unit System

COSMOSFl oWorks allows you to work with several pre-defined unit systems but often
it is more convenient to define your own custom unit system. Both pre-defined and cus-
tom unit systems are stored in the Engineering Database. Prior to starting the project
Wizard you can create the desired system of unitsin the Engineering Database. To adjust
the selected system of units after passing the Wizard you can use either Engineering
Database or click Floworks, Units. In this example we will adjust a pre-defined system
of units before creating the project.
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1 In the Database tree select Units, FW Defined.

2 OnthelList tab select the USA system  semmmmmm
i i B aee « v x ) BEPE M-
of units and click Copy :

L You can modify only custom entriesin
the Engineering Database. To adjust
the pre-defined material, porous
media, unit system or fan curve you
must copy it into the corresponding
User Defined folder first and then
make necessary changes.

Ling o/ Gistnody JSA Mo Thom £ Sifrkgs)

3 In the tree, select the Units, User Defined item and click Paste E
4  Click theltem Propertiestab to adjust the USA unit system for this example.

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

5 For the Length entry, click on the
right hand side of the units box and
select inches.

6 Next expand the Heat group in the
Parameter tree. L

Lné Uisor DebnodiLiEA, hem: 14om 1 S frkg)
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7 Sinceweare deding with electronic  EeEm==—
componentsitismoreconvenientto [ ®t&Eave e BE A

A & opanies |

specify power and heat flux in Watts | e
and Watts/m? respectively. 4

8 Name the new system of unitsusa
Electronics.
C“Ck %.Ve J . I_:tumnDomnNJSt\ B I ] o 1 4om 1 Srkg) i

9 Close the Engineering Database by clicking File, Exit.

Create a COSMOSFloWorks Project

1 Click Floworks, Project, Wizard.

2 Once inside the Wi zar d, select Crr eat e

new in order to create a new configura- e e oo e o e o
tion and nameit Inlet Fan. -

&

COSMOSFLOWORKS "~ pR=tiitFe

Click Next.

3 Choose the system of units that you e —
have just created, USA Electronics. L gal fath? | e s e e anae
Please keep in mind that after finish- R ) )
ing the Wizard, you can change the PR

it syst time with Flowork il
unit system anytimewith Floworks, | T e |
Units, ——

e

emfsiiiiiii
ni T imlefh

Click Next.

<gack |[metr | comcel el
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4

Set the fluid type to Gas. Under physi-
cal features select theHeat transfer in
solids check box.

Click Next.

COSMOSFloWorks 2004 Tutorial

Fluid typo
CLiuid e o

solds®

fi. Click
r srtmionnl BRcts” and emer the “Grmuatan al'\‘mng * e senms
o (eg.
end oo the “Time Soin ng® il o pm\nh-nnumumd,rnw s war b
ma}ymh.gmlmrygmﬂnwwnamumo % griveter than abaut 3 for
narty-stta and about 1 far tmnsiant analyses), hen click “High Mach
mhs-lwf Qdﬂ'f\ndnlm " 1o enable surface-to-sudace radintion

sarlids onby” i
amm Lndor Flnwlypu w0 can choaan it cangidar thi fiow as
Lminne Onky o Tuibusant Cnly,

Frysical tosturey
F Hgat ransferm salds r
™ Fusgintion
I High Mach numbr flow
T~ Time dependent I
I~ Geowitnacnal effects: I I
ack || met> | Comcel | Mo |

Heat transfer in solids was selected because heat is generated by several
electronics component 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. Therefore we
must simulate heat conduction in the solid parts.

Set the analysistypeto I nternal.

We want to analyze the flow thr ough
the structure. Thisiswhat we call an
internal analysis. The oppositeis an
external analysis, which isthe flow
around an object. Fromthis dialog
box you can also choose to ignore
cavities that are not relevant to the
flow analysis without having to fill
them in using SolidWor ks features.

Click Next

Click Next accepting the adiabatic
default outer wall condition.

bysis. Far problems
o you shi spacity
Inm c\l-:lbow P
ek “acich i 8 ki
COMIEE IN yTur . hen planes
—- . W
.sL Arnlysis bhpe
 Exemal  jmomal
—- i — Euchadn gawition witsat fow
= T Conaians
—— = —
Fiajerence mis ol the global coordnale system:
<ok |[CHwts || cancel el

‘Wizard - Detault Outer Wall Condition

il ot e
I} - 227 mul!ul uies wels, This con Mmulomywln speck healexchorgs
iq - 277
o - 777
Q 0 0 Dictault outer wall condtions
B ~ Adnbohe
 Healwansier osficien
Q=“(rf'7:w}5  Surinca heo genaraban rate
€ Hoal gonpention min
J £  Wall tempiretne
et e
e e
+ Back ||_M?E)_] Cancal Help
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7

In the Database of solids list, dou-
ble-click the Aluminum, Epoxy,
Insulator, Silicon and Stedl, stainless
items.

Sdlect Stedl, stainless as the Default
material.

Click Next.

Click Next accepting the default zero
roughness value for al model walls.

10 Choose Air asthe fluid. You can

elther double-click Air or select the
item in the left column and click Add.

Click Next.

Create a COSMOSFlIoWorks Project

For sk condict

 ploass sol i

materal T

enginearing databeso

Cingabinss of anlide

Coppee  Fw Dstl
W Diesin
W Desngr

v FWDetne

Diateut matanal

Eroject solids

Cancel Help

2 Spece/ ghniess app i ell of ¥ motl
wails unlss ftis dofinod for o spocfic well by croedng a Riough Wall
v Tha : R e

Foughness

Cancel Help

‘Wizard - Selecting Fluid Substances

N "N

Flease salect the fluxds 10 ba snahyzad fram the dotabase. The path
indicetes the e locesion in the enginegnng datobase.

Cancal | el |

Although setting the initial temperature is more important for transient calculations to
see how much time it takes to reach a certain temperature, it is useful to set the initial
temperature close to the anticipated 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 cabinet) to 50°F because the box islocated in an air-conditioned

room.
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12

13

Click on the SolidWorks Configuration Manager to show the new
configuration.

[N

Go to the COSM OSFloWor ks design tree and open all the icons.

COSMOSFloWorks 2004 Tutorial

‘Wizard - Initinl and Ambient Conditions

Set the initial fluid Temperature and
the I nitial solid temper atureto 50°F.

Far sigady swie problems A is recommended bul not required 1o speaty’
intiel velhees val 3ol For

fi n
transsont probloms, please specity the exadt intial condibons, Press
“[hasign® for noneriem satings

Click Next.

Accept the default for the Result reso-
lution and keep the automatic evalua- D!LU sontne s, st te

Planse selactha @EuR resokAon o influsnce Ta scourscy ol tha solution
d ite ond woll

lues they are based on

tion of the Minimum gap size and e et
Minimum wall thickness. &

- |- Gep Size | WollThckness | Advanced

™ Mesvunl spaciicatan of the minimum gag sire
L] £

1 r -

Cancal | el |
COSMOSFIoWorks cal culates the default minimum gap size and minimum wall
thickness using information about the overall model dimensions, the
computational domain, and faces on which you specify conditions and goals. Prior
to starting the calculation, we recommend that you check the minimum gap size
and minimum wall thickness to ensure that small featureswill be recognized. We
will review these again after all the necessary conditions and goals will be

specified.

Click Next.

Click Finish. Now COSMOSFloWorks creates a new configuration with the COS-
M OSFloWorks data attached.

EIEN=NE

Notice the name of the new configuration has the name you entered in the Wizard.

ME[E
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an

We will use the COSMOSFIoWorks Design Tree to define our analysis, just asthe

SolidWorks Feature Manager Tree is used to design your models.

Right-click the Computational Domain icon and select Hideto hidethe black wireframe

box.

an

Computational Domain istheicon used to modify &, inletFan

the size and visualization of the volume being =& Input Data

analyzed aswell asto specify symmetry boundary % W
conditions and 2D flow. The wireframe box g cgmpg.%|
enveloping the model is the visualization of the - ~[¥ Boundsty Condiions

limits of the computational domain.

Define the Fan

an

A Fan isatype of flow boundary condition. You can specify Fans at selected solid
surfaces where Boundary Conditions and Sources are not specified. You can
specify Fans on artificial lids closing model openingsas Inlet Fansor Outlet Fans.
You can also specify fans on any faces arranged inside of the flow region as
Internal Fans. A Fan is considered an ideal device creating a volume (or mass)
flow rate depending on the difference between the inlet and outlet static pressures
on the selected face. A curve of the fan volume flow rate or mass flow rate versus
the static pressure difference is taken from the Engineering Database.

If you analyze a model with afan then you must know the fan's characteristics. In this
example we use one of the pre-defined fans from the Engineering Database. If you can-
not find an appropriate curve in the database you can create your own curve in accordance
with the specification on your fan.

1

In the COSM OSFloWorks design tree, right-click the Fans - 1§ Boundary Conditians
icon and select Insert Fan. The Fan dialog box appears. £
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Select theinner face of the Inlet Lid part as shown.
(To access the inner face, right-click the mouse to
cycle through the faces under the cursor until the

Defintion | Sotnezs |

Fan cyrve ’7
inner face is highlighted, then click the left mouse l Eenrpe Discaiire

button). g

3 Select External Inlet Fan as Fan type. ‘ ’

Coordnat geslom

4 Click Browse to select the fan curve from the Engi-
n%r I ng da-t a.b a.%. t Enlornnce: s m

¥ Coroaliy s

sl osst

5 Select the 405 item under the Fan A Lo .
Curves, FW Defined, PAPST, = g |67 enores | & Toesmacnes

H - . B 1% Py Defined Name
DC-Axial, Series 400, 405 item. BLIPRST
=) DiC-Axial

6 Click OK to return to the Fan dialog box. 1 s 410

-9 405
a1z
~1412H
— 1414
S 414

i Engineering Database

SERIE 4001 Ty 405

-t User Defined

7 On the Settingstab expand the Ther modynamic Par ameter s item to check that
the Ambient pressure is atmospheric pressure.

8  Expand the Flow parametersitem and select Feemeer e
Swirl in the Flow vector sdirection list.

Flor direction

city

Suirl
100 rad/s
0iis

9  Specify the Angular velocity as 100 rad/sand E |
accept the zero Radial velocity value.

L When specifying a swirling flow, you must choose the r eference Coor dinate system
and the Reference axis so that the origin of the coordinate system and the swirl’s
center point are coincident and the angular velocity vector is aligned with the
reference axis.
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10

11

14

Go back to the Definition tab.

Hold downthe Ctrl key andinthe "™ -

FeatureManager design tree select el e
[ [Eromaiiiatren = Help

the Inlet Coordinate System.

Inlet (fram fan to fluic) Outlet (rom fluid 1o fan)
Faces o apply:

Select the Global Coordinate Foss IS GERsE S
System item and pressthe Delete

key.
Sdalect Y in the Reference Axis

I i H W Create associated goals

Accept to Create associated goals.

It is often convenient to specify an appropriate goal along with the specified
condition. For example, if you specify a pressure opening it makes sense to define
a mass flow rate surface goal at this opening. COSMIOSFloWorks allows you to
associate a condition type (boundary condition, fun, heat source or radiative
surface) with a goal(s), which will be automatically created along with this
condition. You can associate goals with a boundary condition type under the
Automatic Goals item of the COSMOSFIoWorks Options dialog box.

Click OK. The new External Inlet Fanl item appearsin |54 Boundary Conditions
the COSM OSFloWorks design tree. - [I% Fans

[I= External Inlet Fan
02 Heat Sources

With the definition just made, we told COSMOSFIoWorks that at this opening air
flows into the enclosur e through the fan so that the volume flow rate of air depends
on the difference between the ambient atmospheric pressure and the static
pressures on the fan's outlet face (inner face of the lid) in accordance with the
curve shown above. Snce the outlet lids of the enclosure are at ambient
atmospheric pressure the pressurerise produced by the fan isequal to the pressure
drop through the electronics enclosure.

Define the Boundary Conditions

A boundary condition is required anywhere fluid enters or exits the system excluding
openings where afan is specified. A boundary condition can be set as a Pressure, Mass
Flow, Volume Flow or Velocity. You can also use the Boundary Condition dialog for
specifying an | deal Wall condition that is an adiabatic, frictionlesswall or a Real Wall
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condition to set the wall roughness and/or temperature and/or heat transfer coefficient at
the model surfaces. For internal analyses with "Heat transfer in solids" you can also set
thermal wall condition on outer model walls by specifying an Outer Wall condition.

1

In the COSM OSF oWorks desi gn tree, ~[3) Computational Dormain

right-click the Boundary Conditionsicon -k Global Coordinste System

and select Insert Boundary ConditionClick E .

Insert, New Boundary Condition.

Select the inner face of all of the outlet lidsas
shown. (To access the inner face, right-click the
mouse to cycle through the faces under the cursor
until the inner face is highlighted, then click the left
mouse button).

) Oetniion | Susngs |

’ ~ Blasic sat of boundany canditions
& Flow openings
© Pressure openings
T wall

Facas 1o apply boundary condition:

Select Pressur e openings and
Static Pressure.

Dedmhon |3m-,.gg |

Basic 521 of boundany conditions Type of beundory condition:
" Blow openings =

Tolel Pressure
G e
T Wall

Facat to spply boundarny condition: Cgardinate systanm:
- ; e

Keep the defaults under the Settings _
tab. Diefinition  Sotings : -

Click OK. The new Static g
Pressurel item appearsin the COS-
MOSFloWorks design tree.

H

¥
T

™ Show achancid paramilin e I
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L With the definition just made, we told COSMOSFIoWorks that at this opening the

fluid exits the model to an area of static atmospheric pressure. Within this dialog
box we can also set time dependent properties for the pressure.

Define the Heat Source

1 Inthe COsM OSFloWorks de_si gn tree, 515 Boundary Canditians
right-click the Heat Sour cesicon and select - [¥ Static Pressurel
Insert Volume Sour ce. =02 Fans
- iuf]2 External Inlet Fan
5
,,,,, B tateria Insert Surface Sources...
. (@ Initial Co IEE == (==

2 Since the inner faces of the outlet lids are still selected, the lids automatically
appear in the Componentsto apply the volume sour ce list. Remove all lidsfrom
the list. To remove a component, select it in the list and press the Delete key.

You can avoid thisif before opening the Volume  » ¢ e - s
Source diaog, you click inthe white areato dese- @ %2 Lm

= |Heat Sinke 1 > Source type:
I&t the fa:es. %m | |He:n Ceneration Fate j

o 8, Small Chipe2s -

2
= Small Chipeds =2 in Chip-1
w1 % Small Chipsdz <

3 Select the Main Chip from the SolidWorks
FeatureManager tree as the component to apply the volume source.

4 Select the Sourcetypeas Heat Genera- ®
tion Rate.

Befarance ads: i.& 'I

= Crente nzsociated goals
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5

Click the Settingstab and enter s w in
the Heat generation rate box.

Click OK.

= Crente nzsociated goals

In the COSMOSFloWorks design tree click-pause-click the .24 Heat Sources
new VS Heat Generation Rate 1 item and rename it to  BMainChip [ |
Main Chip.

Volume Heat Sources allows you to specify the heat generation rate (in Watts) or
the volumetric heat generation rate (in Watts per volume) or a constant

temper ature boundary condition for the volume. It is also possible to specify
Surface Heat Sources in terms of heat transfer rate (in Watts), heat flux (in Watts
per area).

In the COSMOSFloWorks design tree, right-click the Heat Sour cesicon and
select Insert Volume Source.

Inthe SolidWorks FeatureM anager tree & ..., T

W, MatherBoard<1: Mniﬁun':&mungsl

select all Capacitor components. SN
= | (T |
Sdectthe T emperature in the Source - 5 Componants 1o apply he valime source:  Coordinese system
- ¥ itar-]
typelist. : S'W'"..i";” " fcomoes
3 % Smal Gt R
i %, Small Chipeds -1
-+ % Small ChipeS -2
40 Small Chapets -2
o G, Rminll Chp<?s -
0 @, Small Chepess 5
Click the Settings tab and enter 100 °F
in the Temper atur e box. — 1 —
) Canceal
Click OK. _He |
Temperature: lwm:iﬂ
Design.
¥ Creste associated goals
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9

Click-pause-click the new VS Temperaturel item and rename it to Capacitors.

> MothaBocrd< - L

4., PCBCI> >
7%, PCBe2> >
4., Capacitor<1> >
7§, Capacitor<2> >

Following the same procedure as
above, set the following volume

heat sources: all chips on PCB e
(Small Chl p) _ tOtal heat generation i%ﬁii‘iﬁ,ﬁiﬁ’ Components ta apply the volume source: rdmatesystem

rate of 4 W, Power Supply - tem- S!S
perature of 120 °F

Definition |Semngs|

Source type:

[Hest Generation Riate -l

Small Chip-3
Small Chip—4 Definition Settings |
Small Chip-5
Small Chip-&
Small Chip-7
Small Chip-8

3 E
4 g, Inlet Lid<1> >

7 %, Outlet Lic<1>->
: FanHousing<1> (C

¥ Create associat Heat generation rate 444 il
2 PCEct> >

W Serewe> (Defaull)

08 PCBe2> >
5 ) Capachor<l> > Defintion | Setings |
« 5, Capacitore2> >

Source type:

emperaiirs

<, Main Chipet> Components to apply the volume source Coordinate system
< oy [PPSR
- . Sl Chipc> >
5., Small Chip<d> ->
2. Small Chip<s> ->
5% Small Chip<6> ->
<-4 Small Chip<7> ->
5% Small Chip<t> -»
< Inlet Lid<ds >
5§ Outlet Lid<1> >
-, Fan Housing<1> (De
 Screws> (Default)

N, Screwe?> (Defaul) V¥ Creste associater Temperature: B il

Rename the source applied to the chipsto chips and the =09 Heat Sources

source for the power supply to Power Supply. 22 Main Chip
N 09 Capacitors

02 chips
Click File, Save. 02 Power Supply

Definition  Seftings |

Define the Material Conditions

Right-click the Material Conditionsicon and select Insert Material Condition.

In the SolidWorks FeatureManager select
MotherBoard, PCB(1), PCB(2) components.

gl
LR]  Selected matarial; F poy

G ta apply the

MatherHnand-1
FE
FUEE

)

Select Epoxy from the Selected material list.

Click OK.
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5 Following the same procedure as above, set the following material conditions: the
chips are made of silicon, the heat sink is made of aluminum, and the 4 Lids
(Inlet Lid and three Outlet Lids) are made of insulator material. All four lids can
be selected in the same material condition definition. Note that two of the outlet
lids can be found under derived pattern (DerivedL Patternl) in the SolidWorks
FeatureManager. Alternatively you can click on the actual part in the SolidWorks
graphics area.

6  Changethe name of each material condition. The new CR tetet Conitons
. -C¥ Chips - Silicon
descriptive names are: B ot Sk Alarinum
PCB - Epoxy, '

Lids - Insulatar
8 PCB - Epoxy

Heat Sink - Aluminum,
Chips - Silicon, and
Lids - Insulator.

L Material Conditions are used to specify the material type of solid partsin the
assembly.

7 Click File, Save.

Define the Engineering Goals

Specifying Volume Goals

1 Right-click the Goalsicon and select I nsert e
Volume Goal. o G2 Recuhe | InsertGlobal Goal.
T Insert Surface Goal...
..... < Surfa
@ 1sosudaces
2 Select the Chipsitem in the COSMOS- 78 Compenent ool
. . oundary Conditions
FloWorks designtree. This selectsall compo- | Fi seicressuet  geaive
nents belonging to the Chips heat source. g I Bt e IsttcProssue -]
B a) Main Chip Compaonents to apply the valume goal
-9 Caparitars Srall Chip-1
B Stnall Chip-2
02 Powsisy Small Chip-3
o8 mrcoors | [STEIGHES
% gh‘pfs S:(“ijln Small Chip-6
SEt I = AUMING S mall Chip-7
% Eg;:‘gx‘:\‘fm Small Chip-8
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3

10
11

Select Temperature of Solid as the goal type

and calculate Maximum value.

Accept to Use the goal for conver gence

control.

Click OK. The new VG Maximum Tempera-
ture of Solid1 item appears in the COSMOS-

Floworks design tree.

Change the name of the new itemtovG Small
Chips Max Temperature.YOU Can aso
change the name of the item using the Feature
Properties dialog appearing if you right-click

the item and select Properties.

Right-click the Goalsicon and select | nsert

Volume Goal.

Select the Main Chip item in the COSMOS-

Floworks design tree.

Select Temperature of Solid asthe goal type

and caculate Maximum value.

Click OK.

Rename the new VG Maximum Temperature
of SolidlitemtovGe Chip Max Tempera-

ture.

Define the Engineering Goals

Goal ypn Calealaby
Terngerature of Salid 'l 1

Compungnts b spply the volume gosl

[Emall Chip-1
Emall Chip=?
Small Chip-1

Small Chip-7
Small Chip-8

¥ Us B ganl o conasrnes conkeol

[ ] cancal | eip |

Edit Definition...
Suppress
Delete

=58 Results

Propeties...

3

Feature Properties m
Name: |VG Small Chips Max Temperature
Created by |Administrat0r

“8 Component Contral Volume Goal

=-17% Boundary Conditions

T Static Pressurel Goal type
=-[2 Fans
[12 Extornal Inlat Fan1 | 5iotic Prassure |
=-0% Heat Sources
k3T isin Chip Components to apply the wvolume goal
O Capacitars Main Chip-1
O Chips

02 Power Supply

Volume Goal
Goal type:

[Temperaturs of Salid -

Components to apply the valume goal
ain Chip-1

¥ Use the goal for convergence contral

oK Cancel Help
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Specifying Surface Goals

1 Right-click the Goalsicon and select Insert Sur- é,.,-‘w e
face Goal. ) nsert Glohal Goal

Insert Surface Goal...

2 Sincethe Main Chip is still selected, all its faces
automatically appear in the Facesto apply the
surface goal list. Remove al faces from thelist. @ Iso_ Delete Al
Toremove aface, selectitinthelist and pressthe  mpmm
Delete key . Gosl o Caleailaln

[Slonc Prassure j IAueroqe alug ;]

@ Cul Inser Equation Goal..

Foces to apphy the surface goal

‘ace <1 Main Chip-| e
Face ciMan Chip 1 @Bese Extudes
Faca <3bain Chip-1 @Hase-Danda>
Face «4Main Chip1@Base Evudes

Face <EMnin Chﬁd @Baze Evndar

¥ Lsa the goal for convergenca cantal

T o= cancel | eip |
3 Click the External Inlet Fanlitemto selectthe @
face whereit is going to be applied. o b s

| “8 Companent Cantral Stetic Pressure

=19 Boundary Conditians
H I Stalic Pressure’ Eaces to apply the surface goal:

) [IZ Fans Face <7InletLic-1 @Base-Extruc

592 Heat Sources

4 Keep the Static Pressure and the Average e
Goal type: Calculate:
Val ue. IStatic ;essure j IAvevageVa\ue j

Eaces to apply the surface goal:

5  Accept to Usethe goal for conver gence con- T T
trol.

L.——!J For the X(Y’ Z) - Component Of Force and X(Y, I Use the goal for canvergence contral
Z) - Component of Torque goals you can select I“‘J
the Coordinate system in which these goals are
calculated. I e

6 Click OK and rename the new SG Average Static Pressurel itemto s¢ aAv
Inlet Pressure.

7 Right-click the Goalsicon and select | nsert Surface Goal.
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8 Click the Static Pressurel item to select the
face whereit isgoing to be applied.

9 Select Mass Flow Rate as the Goal type.

10 Acceptto Usethe goal for convergence con-
trol.
11 Click OK and renamethe new SG Mass Flow

Ratelitemto SG oOoutlet Mass Flow Rate.

Define the Engineering Goals

% et Fen St Goal |
§f Ingout Dl I
3 ahanal Domeair Loal typss
L Global Coordinste Systom o
"18 Componert Contral St PaT 4N =
= [¥} Boundary Condi
J ;.-""d ey Lonshhon: Eacas 1o apphy the sudacs gonal:
= [IZ Fans 3 Faze <1 Cullil Lad-2 () Haso-Fatnadins
[IZ Extamal Inlat Fan1 Face «1Oullet Lid-3(@Base-Evrudes
B3 Hews Sourcen Fearas <1 0ulli! L1 @Basi-Extradi

(1]

Surface Goal

Goal type:

Eaces to apply the surface goal:
Face <20utlet Lid-2@Base-Extrude>

Face <20utlet Lid-1@Base-Exrude>
Face <20utlet Lid-3@Base-Extrude>

I Use the goal for canvergence contral

Coanrdinate sy eter!

Specifying Global Goals
1  Right-click the Goalsicon and select | nsert = ) oo
Global Goal. g IngertGlobal Gosl..

2 Keep the Static Pressure, Average Value and
accept to Use the goal for conver gence con-
trol.

3 Click OK. Renamethe new GG Average Static
Pressurel itemto GG Av Pressure.

4 Right-click the Goalsicon and select | nsert
Global Goal.

5 Select the Temper atur e of Fluid as the Goal
type, keep the Aver age Value and accept to
Use the goal for convergence control.

Inser Surface Goal...

Insert %olume Goal...
Insert Equation Goal...

Delete All
Goal type: Calculate:
IStatic Pressure j IAverage alue j

I Use the goal for canvergence contral

Caordinatesyster

] 0K | Cancel Help
Global Goal (1]
Goal type: Calculate:
ernperatire of Fuid Average Value -
I Use the goal for canvergence contral
Caordinatesyster
oK I Cancel Help
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Click OK. Renamethe new GG Average Tem- = B Goals

perature of Fluidlitemto e Av Fluid 3 VG Small Chips Max Temperature
T N b Fg G Chip hMax Temperature
emperature. ..y 5G A Inlet Prassure

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

Click File, Save.

Next let us check the automatically defined geometry resolution for this project.

Changing the Geometry Resolution

2-20

1
2

Click FloWorks, Initial Mesh.
Eesult resclution
1 2 3 4 5 ] 7 L]
Select the Manual specification of the minimum —
gap size check box. r—
¥ Menual specification of the maimum gap size
™ Minirur gap size rafars to the featura dimenzion
Minsmum @ap size
0.15in
Minsmium wall thickness
T~ Manual specif afthe mi
r
—
™ Advanced nesrow channe refinement
|__0_k_:| Cancel I Help |
Enter 0.15" for the minimum flow passage 0.15

(i.. passage between the fins of the heat sink). IE-I

Entering valuesfor the minimum gap size and minimumwall thicknessisimportant
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 cells in the ambient space
outside of the enclosure. Therefore boundaries between internal flow and ambient
space are always resolved properly. That iswhy you should not take into account
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the walls of the steel cabinet. Both the minimum gap size and the minimum wall
thickness aretools 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 COSMOSFIoWorks mesh is constructed so that the
specified Result Resolution level 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 is greater than or equal to the minimum gap size. Specifying the
minimumwall thicknessis necessary if you want to resolve thin walls smaller than

the smallest gap.
Click OK.
Solution
1 Click Floworks, Solve, Run. Y 7]
s
2 CI I Ck RU n. & Blaw calculation Cloge
e
The solver will approximately take about 1.5 hoursto
run on an 850MHz platform.
LI Thisisthe solution monitor dia- e

log box. Notice for thistutorial e —

that the SG Av Inlet Pressure g

and GG Av Pressure converged

very quickly compared to the

other goals. Generally different i
goalstakemoreor lessiterations | =| = .
to converge. The goal-oriented ey 7 P —
philosophy of COSMOS o3 ‘l{'-., N/

FloWorks allows you to get the o /oA —

answers you need in the short(_est lrr "7” —— | '.
amount of time. For example, if == — —

you were only interested in the pressure drop through the enclosure, COSMOS-
Flowor ks would have provided the result more quickly then if the solver was
allowed to fully converge on all of the parameters.
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Viewing the Goals

COSMOSFloWorks 2004 Tutorial

2-22

vate the postprocessor.

Click OK.

Click Add All in the Goals dialog.

Right-click the Goalsicon and select Cr eate.

Right-click the Resultsicon and select L oad Resultsto acti- =&

Select the project’ s results (1.fld) file and click Open.

W

ElotManager...!

Cugtom Parameters
ow T rajectories

-5 Results
4@ CutFlots
-« Surface Plots
--gly |sosurfaces
-2 Flow Trajectaries
3 v Plots
- Surace Parameters
- A Point Parameters

s

bl
- B Peference Fluid Tel

Gosalss toy &

Ausilabla

by

Goal fitar

GG A Fressune
50 A Fiuid Temge
56 Awinlat Pressur

56 Cutlet Mass Flc
5 Chip Max Tarng
WG Small Chips Mo

[t

Plot

Apscssa:

et

Tuenplati

goals st -

Cancal |

optinng

uep |

An excel workbook will open with the goal results. The first sheet will show atable sum-

marizing the goals.

Enclosure Assembly.SLDASM [Inlet Fan]

Goal Name Unit Value Averaged Value [Minimum Value |Maximum Value|Progress [%] |Use In Convergence
GG Av Pressure [Ibf/in"2] 14.69631 14.6963 14.6963 14.6963 100|Yes
SG Av Inlet Pressure [Ibfin"2] | 14.69615642] 14.6962 14.6962 14.6962 100|Yes
GG Av Fluid Temperature [°F] 59.4738659 59.5518 59.4699 59.6098 100|Yes
SG Outlet Mass Flow Rate [Ib/s] -0.007634592] -0.00763519 -0.00763917 -0.00762781 100|Yes
VG Chip Max Temperature [°F] 100.1197938| 100.186 100.108 100.252 100|Yes
VG Small Chips Max Temperaturg[°F] 111.1247332] 112.129 111.125 113.117 100|Yes

Y ou can see that the maximum temperature in the main chip is 100.12 °F, and the maxi-
mum temperature over the small chipsis 111.12 °F.

(AN

Goal's progress bar is a qualitative and quantitative characteristic of the goal's

convergence process. When COSMOSF|IoWor ks anal yzes the goal's convergence,
it calculates the goal's dispersion defined as the difference between the goal's
maximum and minimum values over the analysis interval reckoned from the last
iteration and compar es this dispersion with the goal's convergence criterion
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dispersion, either specified by you or automatically deter mined by
COSMOSFloWorks 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's real 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 conver gence criterion dispersion, the progressbar is
replaced by word "achieved"). Naturally, if the goal'sreal dispersion oscillates,
the progress bar oscillates also, moreover, when a hard problemis solved, it can
noticeably regress, in particular fromthe "achieved" level. The calculation can
finish if the iterations (in travels) required for finishing the calculation have been
performed, aswell asif the goals convergence criteria are satisfied before
performing the required number of iterations. You can specify other finishing
conditions at your discretion.

To analyze the results in more detail let us use the various COSM OSFloWorks post-pro-
cessing tools. For the visualization of how the fluid flows inside the enclosure the best
method is to create flow trajectories.

Flow Trajectories

Right-click the Flow Trajectoriesicon © witFen Fow Troreciones ——— ]

4 Inpua Dty
[ Computationial Domai | Definition | Table | Sutings | Parice | Bxl | Animeson |
L. G rdinmle Sy

by lsosurtaces
; R

and select Insert. =

§---EM
In the COSMOSFloWorks design tree

select the External Inlet Fanl item. This Elononcs et

selectstheinner face of the Inlet Lid. u Con |_ 3
. . B Lids ?’|EJ|0'C’ ’ﬁ

Set the Number of trajectoriesto 200. 8 8- Epy

Keep the Reference in the Start pointsfrom list.

If Referenceis selected, then the trajectory start points are taken fromthis selected
face.
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Click View Settings.

Inthe View Settings dialog box,
change the Parameter from Pressure
to Velocity.

Go tothe Flow Trajectories tab and
notice that the Use from contours
option is selected.

This setting defines how trajectories
are colored. If Use from contoursis
selected then the trajectories are
colored with the distribution of the
parameter specified on the Contours
tab (Velocity in our case). If you select
Usefixed color then all flow
trajectories have the same color that
you specify on the Settings tab of the
Flow Trajectories dialog box.

COSMOSFloWorks 2004 Tutorial

View Settings

|sozurfaces |
Cantours | lsolines I

Options |

Coordinate System
Wectors | Flow Trajectaries

i~ Setting
Parameter:

Min: Oft/s
Max 904182028 ft/s

Palette:

Mumber of colars:

.J— 10

IU ft/s 3:
IS 04182028 ft/s _|:
IF‘aIette 6 ‘I

=}

du1ddds

Apply
Open
Save Az
Beset Min/Max
Cancel

Help

View Settings

|sosurfaces |
Cantours I lsolines I

Options |

Coordinate System

Wectars Flow Trajectories

~ Setting: =
& Use from contours

€ Use fized color

=}

du s

Apply

Open,

Beset Min/Max
Cancesl

Help

Click OK to save the changes and exit the View Settings dialog box.

Inthe Flow Trajectoriesdialog box click OK. The new Flow Trajectories 1item
appears in the COSM OSFloWorks design tree.

Thisisthe picture you should see.

Notice that there are only afew trgectories
along the 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 PCB(2).
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Right-click the Flow Trajectories 1 item and select

Cut Plots

-

=-5E Flow Trajectories

Hide. é’iﬁmpm_ Edit Definition...
----- & Suﬁacew
_____ A PaintF Clear ahd Hide
..... & Goals  Clone
..... @ Feport Delete

Let us seethe velocity distribution in more detail.  Retere e riae

Cut Plots
1 Right-click the Cut Plotsicon and select Insert. =88 Results

----- & |sosurfaces
EI@ Flow Trajectories

e % Flow Trajectories 1
..... 84 v Plats
----- @ Surface Farametars
----- & Point Farametars

----- & Goals

2 Keep the Front plane asthe section

pl ane. Dj(::l:n | zetings | Region L/;G.dmamﬂ i =
s e [ oo |
™ Wectars = Wectors Wiew Setings...

3 Click View Settings. Cancel |

Section plane definition: IRelevenEe j Help
Section pogition: Section plane/face:

4 Changethe Min and M ax valuesto View Seltings T
0 and 10 respectively. The specified v BRI W it N S
!nFeger values produce a_pal ettewhere s ] swoy |
it is more easy to determine the value. b 01 I Goen. |

Max 9.04182028 it/s fiore = Savaie |

5  Setthe Number of colorsto 30. e Paes o

) Cancel |
6 Click OK. Help |
7 Inthe Cut Plot dialog box click OK.

The new Cut Plot 1 item appearsin the COSMOSFIoWorks design tree.

2-

N

5
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8  SelecttheTop view.

COSMOSFIoWorks 2004 Tutorial

Y ou can see that the maximum velocity region appears close to the openings; and the
low velocity region is seen in the center area between the capacitors and the PCB. Fur-
thermore the region between the PCB's has a strong flow which in al likelihood will
enhance convective cooling in this region. Let us now look at the fluid temperature.

9 Double-click the palette bar in the upper left corner of the graphics area The

1
3
View Settings dialog appears. :
[}
10 Changethe Parameter from Velocity to Temperature. :
:
1
i}
Welocity [ftis]
11 ChangetheMin and Max valuesto 50
and 120 respectively. ] s s | e | ot |
— Setting:
Paramel ter: I emperature vl &I
Min: 499961072 °F h Open |
Max 120.000005 °F E= p—
Palstte: Palette & hd LI
Mumber of colors: MI
Cancel |
—
Help
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12

14
15

16
17

18

19

Click the Vectorstab and change the o ]
Arrow sizeto 0.2 by typi ng the value e e T v | | o
I n the box under the Sl Ider' 5:_‘“"‘;; from contours % Use fixed color %
Parameter: ,—4| Open
1 1 Min: Dtz s = p——
Noti ce that_ you can spt_auf){ avalue s oncsme l;”_jﬂ e
that is outside of the dider'srange. o s Moo et MM |
_— ’W Cancel
SettheMax valueto1 ft/s. P = Help

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

Click OK.
Right-click the Cut Plot 1item and select Edit Definition. =% pear
. [a

@ sorece TN

Sdlect the Vector s check box. |
Definitian | ettings | Fegion | Animatian |
. .. Fluidt Selid e L

Change the Section position to @ Goturs  conous r ooy
- O . 2 il’l. ;5:::: : : Wiew Settings...
GO tO the %ttl ngS tab US ng the Section plane definition: |Re| gggggg j dﬁ::
slider set the Vector spacing to
0. 18 in_ ?:?::mgusmun : Section plane/face:
Click OK.
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It is not surprising that the fluid temperature is high around the heat sink but it is also
high in the area of low velocity denoted by small vectors.

Right-click the Cut Plot1 item and select Hide. Let us now display solid temperature.

Surface Plots

1 Right-click the Surface Plots item and select Insert. 5 08 Result

B-@r CutPlots
@ CutPlot1

2 Click Solid asthe M edium. Since the Temper atur e is the active parameter, you
can display plotsin solids; otherwise only the fluid medium would be available.

3 Hold down the Ctr| key and

select the Heat Sink - Alumi- m = o
num and Chips - Silicon IS S oo |
itemsin the COSMOS- & cann oo | e |
FloWorks design tree. S5 G o MG o —:f—l
B e M FIEGS vl i @BaceEmds :
4  Click OK. The creation of the =g o —
surface plot may tekeatime ~ f.ant TR
because 76 faces need to be - o Trilneed

colored.
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5 Repeat items 1 and 2 and

select the Power Supply and A o o
Capacitor sitems, then click e il ey L s |
OK. oo |
Now you need to hide the model Il - AR —
because it overlapsthe plots. In 850 S|y
additional to usng COSMOS- Liscoc TN S Amal e
Floworks menu or COSMOS-

Floworks design tree it is very convenient to use COSMOSF oWorks Toolbars.

6  Click View, Toolbars, COSMOSFloWorks Results, [/« @@ .2 @ & 2 & {5
Display. -

7 Click Display Outlines @ o display a wireframe representation of the model.
Then click Display M odel Geometry [ @ to hide the model.

50

Temperature [*F]
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Y ou can further view and analyze the results with the post-processing tools that were
shown in the First Seps - Ball Valve Design tutorial. COSM OSFloWorks alows you to
guickly and easily investigate your design both quantitatively and qualitatively. Quanti-
tative results such as the maximum temperature in the component, pressure drop through
the cabinet, and air temperature rise will allow you to determine whether the design is
acceptable or not. By viewing qualitative results such as air flow patterns, and heat con-
duction patternsin the solid, COSM OSFloWorks 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.






