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Features List

This chapter contains the list of the physical and interface features of Flow Simulation as
they appear in the tutorial examples. If you need to find an example of a certain feature or
function usage, look for the desired feature in the left column and in itsrow you can seein
which tutorial examplesthisfeatureis used. Usualy, the first entrance of the featurein the
tutorial contains the most detail ed description. The tutorial examplesarelisted in Features
List by their respective numbers. All tutorial examples are divided in three categories:
First Steps, Intermediate and Advanced.

D In the First Seps examples you will learn the basic principles of the Flow Smulation
structure and interface.

1 First Seps- Ball Valve Design

2 - First Steps - Conjugate Heat Transfer

3 - First Steps - Porous Media

3 On the Intermediate level you will learn how to solve engineering problems with Flow
Smulation, using some of the most common tasks as examples.

4 - Determination of Hydraulic L oss

5 - Cylinder Drag Coefficient

6 - Heat Exchanger Efficiency

7 - Mesh Optimization

Flow Simulation 2011 Tutorial FL-1



3 In the Advanced examples you can see how to use a wide variety of the Flow
Smulation features to solve real-life engineering problems. It is assumed that you
successfully completed all First Seps examples before.

8 - Application of EFD Zooming

9 - Textile Machine

10 - Non-Newtonian Flow in a Channel with Cylinders

11 - Heated Ball with a Reflector and a Screen

12 - Rotating I mpéller

13 - CPU Cooler

14 - Electronic components

15 - Oil Catch Can

16 - 150W Halogen Floodligh

17 - Hospital Room
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First Steps

Intermediate

Advanced

2D flow

10

11

12

13

14

15

16

17

3D flow

External anaysis

Internal analysis

Mixed flows

Steady state analysis vV iv v v v v v ViV v iv v iv Hiv| v
Time-dependent (transient) v

analysis

Liquids v viv| v v

Gases Vi v viv vViviviv|iv v
Non-Newtonian liquids v

Separated flows
(as Fluid Subdomains)

Heat conduction in solids

Heat conduction
in solids only

Gravitational effects

Laminar only flow

Porous media

Flow Simulation 2011 Tutorial
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First Steps | Intermediate Advanced

1 |2 (3 |4 |56 |7 |8 |9 |10(11|12|13|14

Radiation v

Absorption in solids

Spectrum
Roughness v
Two-phase flows v
(fluid flowswith particles or
droplets)

Global rotating reference v
frame

Local rotating regions v

Computational domain v v v v

Symmetry Vi v

Velocity parameters v

Dependency v

Thermodynamic v v
parameters

Turbulence parameters v

Concentration v

Solid parameters v




First Steps

Intermediate

Advanced

Flow openings

Inlet mass flow

Inlet volume flow

Outlet volume flow

Inlet velocity

Pressure openings

Satic pressure

Environment pressure

Wall

Real wall

Boundary condition
parameters

Transferred boundary
conditions

Fans

Contact resistances

Perforated plates

Fluid Subdomain

Initial conditions

Vel ocity parameters

Dependency

Solid parameters

Flow Simulation 2011 Tutorial
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Surface sources

First Steps | Intermediate Advanced

1 |2 |3 |4 |5 7 10|11 12|13 |14 |15 |16 |17
Solid material v v vV Vv v
Semi-transparent v
Porous medium v v

Heat generation rate

Volume sources

Radiation sources

Temperature v v
Heat generation rate v v v
Goal-dependent sources v

Radiative surfaces

Two-resistor

v
components
Heat pipes v
Printed circuit boards v

Wizard and Navigator vViviv|iv| v v Vv v v iv v v Hv
From template v

Clone project v V| iv| v v v

General settings v v

Copy project’s features
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Automatic settings

First Steps | Intermediate Advanced

1 |2 |3 |4 |56 |7 10|11 |12 |13 |14 |15|16 |17
EE e
Global goal v v R v v
Surface goal Vi ivi iv] v vViv| v v |v|v|Vv
Volume goal v v v v v
Point goa v
Equation goal v v v v Vv v

Manual adjustments

Level of initial mesh v vV Vv
Minimum gap size v v v v v v Vv v
Minimum wall v v v v
thickness

Manual adjustments
Contral planes v v v
Solid/fluid interface v vV Vv
Narrow channels v v

Refining cells

Narrow channels

Dependency v v
Custom units v
Flow Simulation 2011 Tutorial FL-7



First Steps

Intermediate

Advanced

10

11|12 |13 |14

15

16

17

User-defined items V|V v Viv| v
Check geometry v v
Gasdynamic calculator v
Toolbars v
Filter V| v v

Component control

Result resolution level

Solution adaptive
mesh refinement

Calculate comfort
parameters

Batch run

Goal plot

Preview

Cut plot vV |v v v| v vV Vv
Surface plot V| v

Isosurfaces v v
Flow trajectories Vi iv| v v

Particle study v
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First Steps | Intermediate Advanced
1 |2 |3 |4 |5|6 |7 |8 |9 [10(11|12(13|14|15|16 |17
XY plot v
Surface parameters v v
Volume parameters v
Goal plot vV iv iv|iv| v v v v v
Display parameters v
Results summary v
prms
Show/Hide model v v v
geometry
Transparency v v
Apply lighting v
ppveres
Use CAD geometry v
Display mesh v
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1

First Steps - Ball Valve Design

ThisFirst Stepstutorial deals with the flow of water through aball valve assembly before
and after some design changes. The objective isto show how easy fluid flow simulation
can be with Flow Simulation and how simpleit isto analyze design variations. These two
factors make Flow Simulation the perfect tool for engineerswho want to test the impact of
their design changes.

Open the SolidWorks Model

1 Copy the First Steps- Ball Valve folder from the installation directory into your
working directory and ensure that the files are not read-only since Flow Simulation
will saveinput data to these files. Run Flow Simulation.

2 Click File, Open. Inthe Open dialog box, browseto the
Bal | Val ve. SLDASMassembly located in the
First Steps- Ball Valve folder and click Open (or
double-click the assembly). Alternatively, you can drag
and drop theBal | Val ve. SLDASMfile to an empty
area of SolidWorks window. Make sure that the default
configuration isthe active one.

Thisis aball valve. Turning the handle closes or opens
the valve. The assembly mate angle controls the
opening angle.

3 Highlight the lids by clicking the features in the
FeatureManager design tree (Lid <1> and Lid <2>).

We utilize this model for the Flow Simulation simulation without any significant
changes. The user simply closes the interior volume using extrusions that we call lids.
In this example the lids are made semi-transparent so you may look into the valve.

Flow Simulation 2011 Tutorial 1-1
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Create a Flow Simulation Project

1-2

1 Inthemain menu click Flow
Simulation, Project, Wizard.

2 Onceinside the Wizard, select Create
new in order to create a new
configuration and name it Pr oj ect 1.

Flow Smulation will create a new
configuration and store all dataina
new folder.

Click Next.

3 Choose the system of units (SI for this
project). Please keep in mind that after
finishing the Wizard you can change the
unit system at any time by clicking
Flow Simulation, Units.

Within Flow Smulation, there are
several predefined systems of units. You
can also define your own and switch
between them at any time.

Click Next.

4 Keep the default Internal analysis type.
Do not include any physical features.

We want to analyze the flow through the
structure. Thisiswhat we call an internal
analysis. The alternativeis an external
analysis, which isthe flow around an
object. In thisdialog box you can also
choose to ignore cavities that are not
relevant to the flow analysis, so that Flow
Simulation will not waste memory and
CPU resources to take them into account.

c
© Createnew
 Use curent
% Configuation ngme:
= B InpdtData

) computational Domain
OB Component Contrcl

Projsct T
[defaut

Fhid Subdomains
IR Boundary Condtions

[ Fans

& wosurfaces
=0 Flow Trajectories

<Back

| [hes | cancel Help

[wizard - Unit System

Urit system:

US# Electionics

Frssule & stiess

Mass
Lengh
Temperatue
Physical time:

HVAC

<Back

Name  [ETTmkg) rodhed]

e Defined
User Defined

El

= >
|[Cr] cees | wee |

[+ Analyss type
& Intemal
C Extemal

Consider clased cavifes

[V Exclude gavitis without flow conditions

I Erelideinfemalspace.

Physical Features

TValue

Radiation
pendent

Reference 2 vis: [X =

oo | ]

Heat conduction in solids

ooooo

Dependensy. | ()

Cacel | Hep |

Not only will Flow Smulation calculate the fluid flow, but can also take into account
heat conduction within the solid, including surface-to-surface radiation. Transient
(time-dependent) analyses are also possible. Gravitational effects can be included for
natural convection cases. Analysis of rotating equipment is one more option available.
We skip all these features, as none of themis needed in this simple example.

Click Next.



5 IntheFluids tree expand the Liquids item
and choose Water as the fluid. You can
either double-click Water or select the
item in the tree and click Add.

Flow Smulation is capable of calculating
flow of fluids of different typesin the same
analysis, but fluids of different types must
be separated by walls. A mixing of fluids
may be considered only if the fluids are of
the same type.

<Bock | He> | Cemedl | Hep

Flow Smulation has an integrated database containing properties of several liquids,
gases and solids. Solids are used in conjugate heat conduction analyses. You can easily
create your own materials. Up to ten liquids or gases can be chosen for each analysis
run.

Flow Smulation can analyze any flow type: Turbulent only, Laminar only or Laminar
and Turbulent. The turbulent equations can be disregarded if the flow is entirely
laminar. Flow Smulation can also handle low and high Mach number compressible
flows for gases. For thisdemonstration we will performa fluid flow simulation using a
liquid and will keep the default flow characteristics.

Click Next.

6 Click Next accepting the default wall
conditions.

Since we did not choose to consider heat
conduction in solids, we have an option to {}
define a value of heat transfer for all
surfaces of the model being in contact
with the fluid. Keep the default Adiabatic
wall to specify that the walls are perfectly
insulated.

ooy |G
<Book | [ New> | Concdl | Heb |

You can also specify a wall roughness value applied by default to all model walls. The
specified roughness value is the R, value.

To set a heat transfer or roughness value for a specific wall, you can define a Real Wall
boundary condition.

Flow Simulation 2011 Tutorial 1-3
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7 Click Next accepting the default for the
initial conditions.

TValie | @
User Defined

101325 Pa
232K

[
[
0mis

On this step we can change the default
settings for pressure, temperature and
velocity. The closer these values to the
final values determined in the analysis,
the quicker the analysis will finish.
Since we do not have any knowl edge of
the expected final values, we will not
modify them for this demonstration.

8 Accept the default for the Result
Resolution.

\\\\\

Result Resolution isa measure of the desired level of accuracy of theresults. It controls
not only the resolution of the geometry by the mesh, but also sets many parameters for
the solver, e.g. convergence criteria. The higher the Result Resolution, the finer the
mesh will be and the stricter convergence criteria will be set. Thus, Result Resolution
deter mines the balance between results precision and computation time. Entering
values for the minimum gap size and minimum wall thickness is important when you
have small features. Accurately setting these values ensures that the small features of
the model will not be “ passed over” by the mesh. For our model we type the value of
the minimum flow passage as the minimum gap size.

Select the Manual specification of the minimum gap size check box. Type the value
of 0. 0093 mfor the Minimum gap size.
Click Finish.

Now Flow Simulation creates a new configuration with the Flow Simulation data
attached.

Click on the Configuration Manager to show the new configuration. |§
(T~

Notice that the new Configuration has the = @ Ballalve Configuration(z] [Project 1<Display Stake-13)
name that you entered in the Wizard. R Design Table

iy State-13 [ Ball Walve |

{|'=® defalts uIt_DispIa_l,l State-1x [ Ballvalve ]



Go to the Flow Simulation Analysis Tree and expand al the itemsin

the tree. —l—M S EE%

We will use the Flow Smulation Analysis Treeto define @ project 1
our analysis, just as you use the FeatureManager design E| E‘ Input Data

tree to design your models. The Flow Simulation g C°mpd”ta“°“°"'d[’°ma'"
analysistreeis fully customizable; anytime you can - Boundary Condiions

. . i I"'R Goals
select which folders are shown and which folders are 588 Resuls
hidden. A hidden folder becomes visible when you add a - HEE Mesh
new feature of the corresponding type. The folder -3 Cut Plats
remainsvisible until the last feature of thistypeis = & Surface Plots
deleted. {:\. Isosurfaces

..... =& Flow Trajectories
@ Particle Study

T v Plaks

& Foint Parameters
@) Surface Parameters
Wolume Parameters

ﬁ Goal Plats
@ Report

W Animationz
Right-click the Computational Domain icon and select @ project 1
Hide to hide the wireframe box. =5 Tnput Data

. - . . E Q m Edit Definition. .
The Computational Domainicon is used to modify the """—’ﬁ 2 “lr
size and visualization of the volume being analyzed. @@““Resultza

The wireframe box envel oping the model is the
visualization of the limits of the computational domain.

Boundary Conditions

A boundary condition isrequired where fluid enters or exits the model and can be
specified as a Pressure, Mass Flow Rate, Volume Flow Rate or Velocity.

1 IntheFlow Simulation Analysis Tree, ® Project 1
right-click the Boundary Conditions icon = InputData

and select Insert Boundary Condition. % °""°t°"“”a' Domain
Haundary C

I“-'E Goals
E| Bﬂ Results

1t Boundary Condition..

L3
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2 Select theinner face of theLid <1> part
as shown. (To access the inner face, right-
click theLid <1>inthegraphicsareaand

choose Select Other G} , move the
mouse pointer over items in the list until

theinner faceis highlighted, then click
the left mouse button).

3 Select Flow Openings | E | and Inlet

Mass Flow.

4 Set the Mass Flow Rate Normal to Face m to
0.5 ka/s.

5 Click OK o . Thenew Inlet Mass Flow 1 item

appearsin the Flow Simulation Analysistree.

Select Dther H

n Face@[Side-1
[ Face@(Lid=1>]

-
-
=
m
2

Inlet Wi
Inlet Yelociky
Outlet Mass Flow
Duklek Yolume Flow
Cutlet welocity

b3

Flow Parameters

B4
n'r% ||15 ka’s %
——— b_¥-_-

GE' Mazz Flow Rate Mormal to Faceh
™ Fully developed Flow

E|'E'ﬂ Boundary Conditions
o P Inket Mass Flowl

With the definition just made, we told Flow Simulation that at this opening 0.5
kilogram of water per second is flowing into the valve. Within this dialog we can also
specify swirling of the flow, a non-uniform profile and time-dependent properties of the
flow. The mass flow rate at the outlet does not need to be specified due to the
conservation of mass; inlet mass flow rate equals outlet mass flow rate. Therefore, a
different condition must be specified, such as outlet pressure.



6 Select theinner face of the Lid <2> part as
shown. (To access the inner face, right-click the
Lid <2>in the graphics area and choose Select

Other dl} , move the pointer over itemsin the

list until theinner face is highlighted, then click
the left mouse button).

7 IntheFlow Simulation Analysis Tree, right-
click theBoundary Conditions icon and select
Insert Boundary Condition.

8 Select Pressure Openings |E3| and Static Pressure.

9 Keep the defaults under Thermodynamic Parameters,

Turbulence Parameters, Boundary Layer and Options.

10 Click OK % . The new Static Pressure 1 item appears
in the Flow Simulation Analysis tree.

|| [ Face@(Side <2

ﬂ Face@[ud<2>]

b3

Type
(&)@

E”"'m”m”
Shatic Pres sl -

Tokal Pressure

II”*”I

@ Iput Data

o @ Computational Domain
=) P Boundary Conditions
E‘ﬁ Inlet Mazs Flow 1
-] Static Pressure 1

With the definition just made, we told Flow Simulation that at this opening the fluid
exits the model to an area of static atmospheric pressure. Within this dialog we can

also set a time-dependent properties pressure.

Define the Engineering Goal

1 Right-click the Goals icon in the Flow Simulation
Analysis Tree and select Insert Surface Goals.

B@ Flesults

Flow Simulation 2011 Tutorial

E-Ff Boundary Conditions
E‘ﬁ Inlet Mazz Flow 1
- Static Pressure 1

Goals
Inzert Global Goals...

Inzert F'oint Goals

Insert Volume Goals...
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Chapter 1 First Steps - Ball Valve Design

2 Click the Flow Simulation Analysis Tree tab and click CIERRE

the Inlet Mass Flow 1 item to select the face where the ® Foject |
goal isgoing to be applied. =05 InputData
: @ Caormputational Domain

gy Fluid Subdomains
E Eﬁ Bnundary Caonditions

Jﬁll%l*ﬁé

i

& R

Selection

) [Face=1>@lid1

b3

(7]

3 IntheParameter table, select the Av check boxin  [parameter
the Static Pressure row. The already selected

b3

Parameter |Min |.0.v MaxlBuIlUs-|A
Use for Conv. check box meansthat the created Static Pressure [ ] 0O 0
god will be used for convergence control. Total Pressure |1 [ [ [
Dynamic Press. [ (1 [ [
If the Use for Conv. (Use for Convergence Temperature of| L1 |L1]0] |0

Control) check box is not selected, the goal will

not influence the cal culation stopping criteria. Such goals can be used as monitoring
parameters to give you additional information about processes in your model without
influencing the other results and the total calculation time.

4 Click oK %  Thenew SG Av Static Pressure 1 item |f_|...,¥$ Gaals
appears in the Flow Simulation Analysistree. - 5B Av Stafic Pressure 1

Engineering goals are the parameters of interest. Setting goalsis a way of conveying to
Flow Smulation what you are trying to get out of the analysis, as well as a way to
reduce the time Flow Simulation needs to reach a solution. By setting a parameter asa
project goal you give Flow Simulation information about parameters that are
important to converge upon (the parameters selected as goals) and parameters that
can be computed with less accuracy (the parameters not selected as goals) in the
interest of the calculation time. Goals can be set throughout the entire domain (Global
Goals), within a selected volume (Volume Goals), for a selected surface area (Surface
Goals), or at given point (Point Goals). Furthermore, Flow Smulation can consider
the average value, the minimum value or the maximum value of the goal. You can also
define an Equation Goal that isa goal defined by an equation involving basic
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mathematical functions with existing goals and input data parameters as variables.
The eguation goal allows you to calcul ate the parameter of interest (i.e., pressure drop)
and keeps this information in the project for later reference.

Click File, Save.

Solution
1 Click Flow Simulation, Solve, Run. Run (1]
-~ Startup
Run
The already selected Load results check ;g‘h I T redus s | ——
box means that the results will be B Mo Help
automatically loaded after finishing the 9 Dok abbaion
cal cul atl on r~ CPU and memory usags
Run ot [ This computer [CAD session) 7
2 Click Run. te [z =] e
- Results processing sfter finishing the calculation
The solver takeslessthanaminutetorunon == [T
atypical PC.
Monitor the Solver
Thisis the solver monitor
. Fle Caleulation Wiew lnset Window Help
dialog pox. Bydefault, on  |aw o)+ g@m i 2
theleft isa log of each
. R [Patemeter  [vawe [ Messsge Iterglions Date
step taken in the solution |z ™ e bk et o 1o
process. Ontherightisthe Lo matoniie. 16457 e i o e
. f . da] b ?F’U A;meuer\est SUZgEUZ
information dialog box g 1 0
. . . Cpu time 0:0:14
with meshinformationand ||t 252
warnings concerning the
analysis. Do not be
surprised when the error
message“ Avortexcrosses (L | 0
. Warning
the pressure opening” o,
appears. We will explain ; sill —
this later during the [ PR
. Ready | | Calcylation [lerations: 98/
demonstration.
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1 After the calculation has started and severd

first iterations has passed (keep your eye

on the lterations linein the Info window), click the Suspend 11 | button on the

Solver toolbar.

We employ the Suspend option only due to extreme simplicity of the current example,
which otherwise could be cal culated too fast, leaving you not enough time to perform
the subsequent steps of monitoring. Normally you can use the monitoring tools without

suspending the calculation.

2 Click Insert Goal Plot ﬂ on the Solver toolbar. The Add/Remove Goals dialog

box appears.

3 SelecttheSG Average Static Pressure 1in
the Select goals list and click OK.

Bl Goal plot 1

Thisisthe Goalsdialog box and

Add/Remove Goals HE
- Select goals
oK |
Cancel
Help
Add Al Bemove All
Flot caption:  [Goal plat 1
=1 B3

X . Comment
each goal created earlier is (] .
listed in the table at tOp. Here \3ams Absolute Scale[Auto Min, Auto Max)
you can see the current value 126000
and graph for each goal aswell 126000
asthe current progress towards 120000
completion given as a 11308 = = - - e
percentage. The progressvalue i
isonly an estimate and the rate
of progress generally increases with time.

4 Click Insert Preview ** | on the Solver toolbar.

5 ThisisthePreview Settings dialog box.
Selecti ng any SolidWorks p| anefromthe Definiion | ettings | Image Atibutes | Options | Fiegion | =
Plane name list and pressing OK will [rorestnie =
create a preview plot of the solution in e Help

i~ Min/Max mods Mod
& Contours

" Manual min/max
€ lsolines

& Auto min/mar
£ Welosity vestars




that plane. For this model Pl ane2 isagood choice to use as the preview plane.

The preview allows you to look at
the resultswhile the calculation is
still running. This helpsto
determine if all the boundary
conditions are correctly defined
and givesthe user an idea of how
the solution will look even at this MnTHO373 0. Mo 118490 Po .
early stage. At the start of therun of
the results might look odd or
change abruptly. However, as the run progresses these changes will lessen and the
resultswill settlein on a converged solution. The result can be displayed either in
contour-, isoline- or vector-representation.

6 Click the Suspend I | button again to let the solver go on.

7 When the solver isfinished, close the monitor by clicking File, Close.

Adjust Model Transparency

Click Flow Simulation, Results, Display, Transparency
and set the model transparency to 0. 75.

Valua o set

Thefirst step for results processing isto create a
transparent view of the geometry, a ‘glass-body’ . This
way you can easily see where cut planes etc. are located |
with respect to the geometry.

Cancel Help

Cut Plots

1 IntheFlow Simulation Analysistree, right-click the Cut . B Resuts
Plots icon and select Insert. LR Mesh

{:\. |sosurfaces
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2 Specify aplane. Choose Pl ane 2 as
the cut plane. To do this, in the flyout
FeatureM anager design tree select
Pl ane 2.

3 Click oK %

The plot you will see looks something like

this.

> Cut Plot

¥ R & 4=

Selection A
@ = @E

@

A cut plot displays the distribution of the selected
parameter on a certain SolidWbrks plane. It can be
represented as a contour plot, isolines, vectors, or as
arbitrary combination of the above (e.g. contours with

overlaid vectors).

If you want to access additional options for this and
other plots, you can double-click on the color bar. Some options
available here include changing the displayed parameter aswell as
changing the min/max plot values. The best way to learn each of
these options is thorough experimentation.

4 Change the contour cut plot to a vector cut plot. To

do this, right-click the Cut Plot 1 icon and select

Edit Definition.

_%>\ Flanel
N i Ll
_Q%amﬂ

— L Origin
B [ Side<1s
-y Sidec2s
-8y Balkis
-8 Handie<1s
-y Lide1s 7
-y Lidezs o7
£

i Groupt

¥ X 48
Settings A
[Fressure; |

B = e (P
i EEEER A(E| o

F Lm E
WTE Bl
E---% Results
o Mesh
[—]& Cut Plots
S JIE  E it Definition...
é. lsosurfe
-5 Flow T1 piear and Hide
LN Parlicle
g a.' Clane
% FointF Delete. .
@) Surface
Wolumne PIe!y .
lﬁ‘i’x 527 Plat Animahion...
iy Goal Pl Savess..
Report
g Ae.port_ Copy to Project...
nimat Properties...




5 Under Display, clear Contours E and select Vectors

| Display
— | cont
- = | Contours
2. —
12,
E1| 1s0lines

6 Click OK o . Yeckars

@ Mesh

Thisisthe plot you should see.

The vectors size and spacing can be controlled under
the Vectors.

Surface Plots

Right-click the Cut Plot 1 icon and select Hide. Y i Pl
1 Right-click the Surface Plots icon and select Insert. @y Ieosufaces !
2 Select the Use all faces check box.

+ Surface Plot ?

The same basic options are available for Surface Plots  «* # -2

as for Cut Plots. Feel free to experiment with different

Selection

*

combinations on your own.

@

¥ Use all faces

Flow Simulation 2011 Tutorial
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3 Clickok ¥ and you get the following picture:

This plot shows the pressure distribution on all faces of
the valve in contact with the fluid. You can also select
one or more single surfaces for this plot, which do not
have to be planar.

Isosurface Plots

Right-click the Surface Plot 1 icon and select Hide.
1 Right-click the Isosurfaces icon and select Insert.
2 Keep the default value under Value 1.

3 Under Appearance, sdlect Grid @J and click OK ¥ .
Thisisthe plot that will appear.

The Isosurface is a 3-Dimensional surface created by
Flow Smulation at a constant value for a specific
variable.
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4 Right-click theIsosurface 1 icon and select Edit
Definition. Enable Value 2 and specify some value in the

&  Tspsurfaces

appeared box that is different to the Value 1. ¥ X & =
Parameter =
5 Click OK o . & IPressure 4
¥alue 1 *
F |111182.838 Fa :ll
L A 1
Yalue 2 3
B |1u25?3.395 Pa |

You should see something similar to thisimage.

The isosurface is a useful way of determining the exact
3D area, where the flow reaches a certain value of
pressure, velocity or other parameter.

Flow Trajectory Plots

Right-click the Isosurfaces icon and select Hide. 2B Resuls

L E Mesh

=% CutPlats

C % CutFlotl

E|<> Surface Plats
{) Surface Plat 1
&y lsosurfaces

E5 Flow Trajectories

1 Right-click the Flow Trajectories icon and select Insert.

1-15
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2 Click the Flow Simulation Analysis Tree tab and |@ EIE]
then click the Satic Pressure 1 item to select e

. ' Lewel 3 1=
the inner face of the Lid <2>. =03 Input Data
. . . e @ Computational Domain
3 Setthe Number of Points |@##|to16. || | | | (@ Fhid Subdomaine
4 Under Appearance, set Draw Trajectories as = | Saldliieily ]
. i B! @ Insulators
«, Bands. [j Eﬁ Boundary Conditions
] Inlet Mass Flaw 1
e m Static Pressure 1
=- F Goals
L ﬂ SG Av Static Pressure 1
B/ 2=

== Flow Trajectories

« ¥ 42

*

| »

Starting Poinks

Clllkll“:

Yakter Qutlet Lid-2

[™ Inplane
@
|'§'| |n_02 ™

Bl

5 Clickok ¥ and your model should look like
the following:

Using Flow trajectories you can show the flow
streamlines. Flow trajectories provide a very good image
of the 3D fluid flow. You can also see how parameters
change along each trajectory by exporting data into
Microsoft® Excel®. Additionally, you can save
trajectories as SolidWorks reference curves.

For this plot we selected the outlet lid (any flat face or
sketch can be selected) and therefore every trajectory
crossesthat selected face. Notice the trajectoriesthat are
entering and exiting through the exit lid. Thisisthe reason for the war ning we received
during the cal culation. Flow Simulation warns us of inappropriate analysis conditions
so that we do not need to be CFD experts. When flow both enters and exits the same
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opening, the accuracy of the results will worsen. In a case like this, one would typically
add the next component to the model (say, a pipe extending the computational domain)
so that the vortex does not occur at opening.

XY Plots

Right-click the Flow Trajectories 1 icon and select Hide.

We want to plot pressure and velocity along the valve. We
have already created a SolidWorks sketch containing

several lines.

This sketch work does not have to be done ahead of time
and your sketch lines can be created after the calculationis
finished. Take alook at Sketchl in the FeatureManager

design tree.

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

2 Choose Velocity and Pressure as
physical Parameters. Select Sketchl
from theflyout FeatureM anager design
tree.

Leave al other options as defaults.

Flow Simulation 2011 Tutorial

XY Plot

« ¥ 42

Selection

=

S B

FI.,x ILength

Parameters

Fal

Pressure

[CTemperature

[w]welocity

[1% — Component of Yelocity
[% — Component of Yelocity
[z - Component of Yelocity
[CIFluid Temperature
[shear Stress

[“IHeat Transfer Caefficient
[[lsurface Heat Flux
[CDensity

Mare Parameters...

_& Flanel
_& Flanez
_& Flane3
— L Origin
=8 [f) Sidec1>
8 Sidec2s
=8 Balc1s
- Handle<s
F-8 Lide1s57
F—8 Lideos 57
E

ﬁ Group1
R

Yy
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3 Clickok ¥ . Excel will
open and generate two 7
columns of data points 6 /\\
together with two charts for / \
Velocity and for Pressure, \ / \
respectively. One of these

Velocity (m/s)
L—
T~
/

chartsis shown below. You 3
will need to toggle between \/ \
different sheetsin Excel to
view each chart. :

(3 The XY Plot allows you to oo1  om oo oo oos  oos o007 ops
view any result along 1
sketched lines. The data is
put directly into Excel.

Surface Parameters

Surface Parameters isafeature used to determine the values of pressure, forces, heat
fluxes aswell as many other variables on any face in your model contacting the fluid. For
this type of analysis, a calculation of the average static pressure drop from the valve inlet
to outlet would probably be of some interest.

1 Right-click the Surface Parameters icon and select Insert.
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2 Click the Flow Simulation Analysis Tree tab and then ClEEEI

click the Inlet Mass Flow 1 item to select the inner @ defout (1
face of theLid <1>. El B Input Data
: @ Caomputational Domain
: gy Fluid Subdomains
E Eﬁ Bnundary Caonditions

Under Parameters, select All.

Click Show. The calculated parameters values are
displayed on the pane at the bottom of the screen.
Local parameters are displayed at the left side of the
bottom pane, while integral parameters are displayed
at theright side.

5 Takealook at the local parameters.

Local Parameter | Minimwn | Maximurn | average |Bulk average | Surface area [m~2]|

Pressure [Pa] 127597 127743 127670 127671 0,000391595

Density [kafm™3] 997,562 997.562 997.562 997.562 0.000391595 aran

Welocity [mfs] 1.61943 1.61943 1.61943 1.61943 0.000391595

% —Component of Yelocity [mfs] 161943 1.61943 1.61943 1.61943 0,000391595

W — Component of Yelacity [mfs] 0 1] 1] [1} 0.000391595 W x

Z — Component of Yelacity [mis]  5.6542e-015  5.6542e-015  5.6542e-015 5.6542e-015 0.000391595

Fluid Temperature [K] 293.2 293.2 293.2 293.2 0,000391595 -

Selection R
The average static pressure at the inlet faceisshown | i [Faezi=alia1

to be about 127670 Pa. We aready know that the

outlet static pressure is 101325 Pa since we have

specified it previously as a boundary condition. So,

the average static pressure drop through the valve is

about 27000 Pa. Parameters

6 Closethe Surface Parameters dialog.

b

[wlPressure

[wlvelocity

[w]% — Component of Yelocity

[w]% — Component of Yelocity

[w|Z - Component of Yelocity

[wIFluid Temperature

[wshear Stress

[w|Heat Transfer Coefficient
[w|Surface Heat Flux x|

_,y»x |I3||:|ba| Coordinate Spstem

Mare Parameters...

Analyze a Design Variant in the SolidWorks Ball part

This section is intended to show you how easy it isto analyze design variations. The
variations can be different geometric dimensions, new features, new partsin an
assembly — whatever! Thisis the heart of Flow Smulation and this allows design
engineers to quickly and easily determine which designs have promise, and which
designs are unlikely to be successful. For this example, we will see how filleting two
sharp edges will influence the pressure drop through the valve. If thereis no
improvement, it will not be worth the extra manufacturing costs.

Create anew configuration using the SolidWorks Configuration Manager Tree.
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all Walve |

1 Right-click theroot item in the SolidWorks OB
@ Diesigr I:h Itvert Selection

Configuration Manager and select Add

Conflguratlon' : “ﬂa Frojec Top Assembly [Ball Yalve)

~ @ defaul Hidden Tree Itams .
Tree Display 4
|,E'@ Addﬁonfiguration...
2 Inthe Configuration Name box type Add Confic 2
Proj ect 2. v X
3 Click OK .

Configuration Properties ]

Configuration name:

I Project 2]

Descripkion:

Comment:
=
=

4 Goto FeatureManager design tree, right-click the £, 0id
Ball item and select Open Part B . A new

R Y

R 78] S e
o b iz

window Ball.SL DPRT appears.

]% Lid GoTo..

E

[E

!

[]...% Hal l% Invert Selection
E

£

[]"@@ Gio Component [Ball)

@ 15 Hidden Tree tems 3
— |% Configure component
|zolate
Component Display »
Fix »
Iw(\é‘rn Copy with Mates
x Delete
Parent/Child...
Add to Mew Falder
$= | Edit Material

Create anew configuration using the SolidWorks
Configuration Manager Tree.

Wiew Settings...

Create Mew Falder
Hide/Show Tree ltems..

¥
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1 Right-click theroot item in the SolidWorks
Configuration Manager and select Add
Configuration.

Hidden Trea Items 4
m Add to Library

Tree Dizplay L4
|,E'@ .&ddr\Configuration...
Docl’l‘Eent Properties...

2 Name the new configuration as L= Add Configuration
1,5 fillet Ball.
- R

3 Click ok % | Configuration Properties

Configuration name:

| 1,5 Fillet Ball]

Descripkion:

Comment:

4 Addal5mm
fillet to the
shown face.

7 =% Bl (1.5 et Bal)

| Manual Fillstitpert

YP

& Constant radius
€ variable radius
7 Face fillet

€ Full round fillet

™ Multiple radius fillst

¥ Tangent propagation
© Full preview
© Partial preview

& Mo preview
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5 Switch back to the assembly Component Properies BE
1 1 General properties
wi ndOW and SeleCt Yesin the C\:lmpur:antpNamE: Eall Instance Id: |1 Full Mame: |Bal<l>
message dial og box that appears. IN | camporert ez 5
the FeatureM anager desi gn tree Model Documert Path; | EVTLITORIALFist Steps - Ball Valva|Ball SLOPRT

ri ght-cl ick the Ball item and sdlect {Please Uss FilsjReplace command to replace mods! of the companent(s})

- Display State specfic properties

CO m p onent Pro p ert I es. ﬁ’ ~Referenced Display State Component visibility ——

™ Hide Component

At the bottom of the Component o |
Properties dialog box, under

Referenced configuration change
the configuration of the Ball part to [ Sereen secicropertes

| Referenced configuration | Suppression state
the new filleted one. [ 1. fillet Ball ® Sopr

* Standard & Resolved
 Lightweight

I | Linked Display: State

[~Solve as
= Rigid
€ Flexiblz

Exchude from bill
Change properties in: This canfiguration al = o;;‘;r;.;? ‘
ok | cancel | Help |

Click OK to confirm and close the
dialog.

Now we have replaced the old ball with our new
1.5 fillet Ball. All we need to do now is re-solve
the assembly and compare the results of the two
designs. In order to make the results comparable
with the previous model, it would be necessary to
adjust the valve angle to match the size of the flow
passage of the first model. In this example, we will
not do this.

Ball W alve Configuration(z] [Pre

Activate Project 1 by using the BL
Configuration Manager Tree. Select Yes
for the message dialog box that appears.




Clone the Project

1 Click Flow Simulation, Project, Clone Project. Clone Project HE
2 Select Add to existing. " Laterew
& Add to existing
3 IntheExisting configuration list select Project 2. Bsrigurtior
IPrD\ecH 1]
4

Click OK. Select Yes for each message dialog box that ¢ contawsion
appears after you click OK. ety

™ Copy results

0K I Cancesl | Help |

3 Now the Flow Simulation project we have chosen is added to the SolidwWorks project
which contains the geometry that has been changed. All our input data are copied, so
we do not need to define our openings or goals again. The Boundary Conditions can be
changed, deleted or added. All changesto the geometry will only be applied to this new
configuration, so the old results are till saved.

Please follow the previously described steps for solving and for viewing the results.

Analyze a Design Variant in the Flow Simulation Application

3 In the previous sections we examined how you could compare results from different
geometries. You may also want to run the same geometry over a range of flow rates.
This section shows how quick and easy it can be to do that kind of parametric study.
Here we are going to change the mass flow to 0.75 kg/s.

Activate the Project 1 configuration.

1 Createacopy of the Project 1 project by clicking Clone Project 1]
Flow Simulation, Project, Clone Project. & Create new
2 TypeProject 3 for the new project name and click sf;‘“l‘mg
OK. [Frofeet 3 -
Eristing canfiguration
Idafau\l j
™ Copy results
,TI Cancel | Help |

Flow Simulation now creates anew configuration. All our input data are copied, so we do
not need to define our openings or goals again. The Boundary Conditions can be changed,
deleted or added. All changes to the geometry will only be applied to this new
configuration, so the old results remain valid. After changing the inlet flow rate value to
0.75 kg/s you would be ready to run again. Please follow the previously described steps
for solving and for viewing the results.
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Imagine being the designer of this ball valve. How would you make decisions concerning
your design? If you had to determine whether the benefit of modifying the design aswe
have just done outweighted the extra costs, how would you do this? Engineers have to
make decisions such as this every day, and Flow Simulation is atool to help them make
those decisions. Every engineer who isrequired to make design decisions involving fluid
and heat transfer should use Flow Simulation to test their ideas, allowing for fewer
prototypes and quicker design cycles.



2

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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Inlet Fan

Main Chip

Heat Sink

PCBs

\

Small Chips

Capacitors

Power Supply Motherboard

Preparing the Model

2-2

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
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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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=
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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...
—_
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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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3

First Steps - Porous Media

In thistutorial we consider flow in asection of an automobile exhaust pipe, whose exhaust
flow isresisted by two porous bodies serving as catalysts for transforming harmful carbon
monoxide into carbon dioxide. When designing an automobile catalytic converter, the
engineer faces a compromise between minimizing the catalyst's resistance to the exhaust
flow while maximizing the catalyst's internal surface area and duration that the exhaust
gases are in contact with that surface area. Therefore, a more uniform distribution of the
exhaust mass flow rate over the catalyst's cross sections favors its serviceability. The
porous media capabilities of Flow Simulation are used to simulate each catalyst, which
allows you to model the volume that the catalyst occupies as a distributed resistance
instead of discretely modeling all of the individual passages within the catalyst, which
would be impractical or even impossible. Here, as a Flow Simulation tutorial example we
consider the influence of the catalysts porous medium permeability type (isotropic and
unidirectional media of the same resistance to flow) on the exhaust mass flow rate
distribution over the catalysts' cross sections. We will observe the latter through the
behavior of the exhaust gas flow trajectories distributed uniformly over the model's inlet
and passing through the porous catalysts. Additionally, by coloring the flow tragjectories
by the flow velocity the exhaust gas residence time in the porous catalysts can be
estimated, which is also important from the catalyst effectiveness viewpoint.
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Open the SolidWorks Model

1 Click File, Open. Outlet

In the Open dialog box, browse to the
Cat al yst . SLDASMassembly locatedin
the First Steps - Porous M edia folder
and click Open (or double-click the
assembly). Alternatively, you can drag
and drop the Cat al yst . SLDASMfileto
an empty area of SolidWorks window.

Porous catalysts

Create a Flow Simulation Project

3-2

1 Click Flow Simulation, Project, Wizard.

Onceinside the Wizard, select Create
new in order to create a new
configuration and nameit | sot r opi c.

20 Fow Trfectores »

The project Wizard guides you through the definition of the project’s properties

step-by-step. Except for two steps (steps to define the project fluids and default solid),

each step has some pre-defined val ues, so you can either accept these val ues (skipping
the step by clicking Next) or modify them to your needs.

These pre-defined settings are:

unit system -9,

analysis type —internal, no additional physical capabilities are considered,

wall condition — adiabatic wall

initial conditions — pressure - 1 atm, temperature - 293.2 K.

result and geometry resolution — level 3,

For this project these default settings suit perfectly and all what we need to do isjust to
select Air asthe project fluid. To avoid passing through all stepswe will use Navigator
pane that provides a quick access to the Wizard's pages.

2 Click anarrow ' at theright.



3 IntheNavigator pane click
Fluids.

[
H

Cogustonnare: [flaropes |

£y S
=B InputData

(] Computational Domain Curten confiration:  [Fefadt

S8 Component Cortro
[ Fud Subdomains
Boundary Condtions

3 Fans
G Porous Media
@ il Conditions
® Gods
@ Local Inital Meshes
= B Resuts
E mesh
& cutphts

Surface Plts

Comments:

& tosutaces

20 Fow Tragectores «

ik | [Hes ]| Cancel Help

4 Open the Gases folder, click iR ]
Air, then click Add.

8 Pt coninastin

Arg (B s system
Butane L |
- Cabon dovide Fre-Defined
Analysis tvne
Chorine Fre-Defined &

Pre Dafned
Pre-Deiined Fue
B el condiions

] Bemove € il concitions

Resuits and geomelry.

resoldion
| Finisn
Flow Characteristic TValue |
Flow type Laninar and Tubuient
| | High Mach number flow (1
Humidity O «

<Book | [[Her ]| Coredl | bep |

5 Since we do not need to change other propertieswe can closethe Wizard.  n—
Click Finish in the Navigator panel. :

Ry Presect consiguration

9‘ Units system

B anatyz ype

Fuuiss

e pp——

@ Initial conditions
B e

# gy

You can click Finish at any moment, but if you attempt to close Wizard without
specifying all obligatory properties (such as project fluds), the Wizard will not close
and the page where you need to define a missing property will be marked by the

exclamation icon /.

Now Flow Simulation creates a new configuration with the Flow Simulation data
attached.

In the Flow Simulation Analysistree, right-click the Computational Domain icon and
select Hide to hide the black wireframe box.
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Define the Boundary Conditions

1 IntheFlow Simulation Analysis tree, B Input Data
right-click the Boundary Conditions iconand -] Camputational Damain
select Insert Boundary Condition.

I."g Goals Insert Boundary Condition...

2 Select theinner face of theinlet lid as shown.

Select Other
-

b3

3 Select Flow Openings | B+ |and Inlet Velocity. Selection

>@Lid Inlet-1

&
% [Face Comrdinate System
}z_’x

Reference axis: Ix vl
Type 3
NES
Inlet jFIow Dpeningsl -
Inlek Waldme P

Inlet Mach Mumber
Outlet Mass Flow
Duklek Yolume: Flow
Qutlet welogity

L

4 Set the Velocity Normal to Face V¥ t010 m's. Flow Parameters
) (6% (]
5 ClickOK % . ——

v I'Il:lma’s L:L
With the definition just made, we told Flow Smulation w

that at this opening air isflowing into the catalyst with a
velocity of 10 m/s.

b3
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6 Select theinner face of the outlet lid as shown.

7 Right-click theBoundary Conditions iconand
select Insert Boundary Condition.

[l Face@lCatalyst Housing<L
@[Lid Outlet <1>]
F: 1]

=
%Eaka\yst Housing <13
GLid Outlet<1>

8 Select Pressure Openings |®|and Static Type A
Pressure. |E||'E§é| =
9 Keep the defaults under Thermodynamic Parameters, Erviranment Pressure Openings

Turbulence Parameters, Boundary Layer and

Tokal Pressure

Options.Click OK o

With the definition just made, we told Flow Smulation
that at this opening the fluid exits the model to an area of
static atmospheric pressure.

Now we can specify porous mediain this project. To define a porous medium, first we
need to specify the porous medium’s properties (porosity, permeability type, etc.) in the
Engineering Database and then apply the porous medium to a component in the
assembly.

Create an Isotropic Porous Medium

The materia you are going to create is already defined in the Engineering Database under
the Pre-Defined folder. You can skip the definition of porous material and select the
pre-defined "Isotropic" material from the Engineering database when you will assign the
porous material to a component later in this tutorial.

1 Click Flow Simulation, Tools, Engineering Database.

2 IntheDatabase tree select Porous Media, o ——
User Defined. b Ciligs
#-@ Contact Thermal Resistancs
3 Click New Item g on the toolbar. The blank Item -4 Custom - Visualization Parar
Properties tab appears. Double-click the empty cellsto :EE EZ”; ke
set the corresponding property values. B Materials
4 Name the new porous medium | sot r opi c. Ei% Porous Media
. TR PreDefined
5 Under Comment, click the ... button and typethe desired | = ™ User Defined

comments for this porous medium. The Comment
property is optional, you can leave this field blank.
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6 Setthe medium’s Porosity t0 0. 5.

Porosity isthe effective porosity of the porous medium, defined as the volume fraction
of the interconnected pores with respect to the total porous medium volume; here, the
porosity is equal to 0.5. The porosity will govern the exhaust flow velocity in the porous
medium channels, which, in turn, governs the exhaust gas residence in the porous
catalyst and, therefore, the catalyst efficiency.

7 ChooselIsotropic asthe Permeability type.

First of all let us consider an I sotropic permeability, i.e, a medium with permeability
not depending on the direction within the medium. Then, as an alternative, we will
consider a Unidirectional permeability, i.e., the medium permeable in one direction
only.

8 Choose Pressure drop, Flowrate, Dimensions asthe Resistance calculation
formula.

For our media we select the Pressure Drop, Flowrate, Dimensions medium
resistance to flow, i.e., specify the porous medium resistance ask = APx S/(mx L) (in
units of s'), where the right-side parameters are referred to a tested parall el epiped
sample of the porous medium, having the cross-sectional area Sand the length L in the
selected sample direction, in which the mass flow rate through the sampleis equal tom
under the pressure difference of 4P between the sample opposite sides in this
direction.

In this project we will specify 4P = 20 Pa at m= 0.01 kg/s (and AP = 0 Pa at
m=0kg/s), S= 0.01 m?, L = 0.1m. Therefore, k= 200 s1.

Knowing Sand L of the catalyst inserted into the model and m of the flow through it,
you can approximately estimate the pressure loss at the model catalyst from

AP = kxmx L/S.
9 ForthePressure drop vs.
flowrate choose Mass Flow IC o |E=[Es oo @ el « »R]x § BRI

Rate. Click the ...| button to
switch to the Tables and
Curves tab.
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10 In the Property table specify the
linear dependency of pressure drop
vs. mass flow rate as shown.

11 Go back to the Item Properties tab. otigr

12 Set Length to 0. 1 mand Area to
0.01n?.

13 Click Save E.

14 Click File, Exit to exit the database.

ats

o 00033 Qo067 o
00017 0.005 00083
Massflom ate

Now we will apply the specified porous

Pressure drop vs. flowrate

medium to the model components Lergh
. . rea
representing the porous bodies. Use calbration viscosity

Heat conductivity of porous matris

A porous medium can be applied only to

Mass Flow Rate
01 m

0.0 m"2

O

O

a component that is not treated by Flow Simulation as a solid. To consider amodel’s
component as not belonging to a solid region, you need to disable the component in the
Component Control dialog box. Components are automatically disabled when you assign
aporous mediato them by creating the Porous Medium condition, so you do not need to

disable them manually.

Define the Porous Medium - Isotropic Type

1 Click Flow Simulation, Insert, Porous Medium.

2 Intheflyout FeatureManager
design tree, select the
M onolith<1> and Monolith<2> Manolith-2
components.

Selection

W | Monalith-1@Cat

Digable solid
] components

Flow Simulation 2011 Tutorial

b

alyst
Lalyst

s Flanes

;-» Origin
% [f] Catalyst Housing< 1>

W LidInletc1s +
By Lid Outlet<1s >
(ST .
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Chapter 3 First Steps - Porous Media

3 Expand thelist of the User Defined porous media and
selegt Isotropic. If you S.kl pped the defllnltl on of porous — FreDeired
medium, use the Isotropic materia available under 5. User Defined

Pre-Defined. i [Isotropic|

4 Clickok % to compl ete the definition of porous media
and exit the Porous Medium dialog.

b3

Porous Medium

To obtain the total pressure drop between the model inlet and fsctropic [

outlet we will specify an Equation Goal based on two

Surface Goals.

Specifying Surface Goals

1 Right-click the Goals icon and select Insert Surface 5 Porous Media
Goals. @ Foraus Medium 1
;\:i Goals
-% Res Insert Global Goals...
ﬁ Irsert Paoint Goals...

Inzert Surface Goals...

[ Ingert Volume Goals... k
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2 Click the Flow Simulation Analysis Tree tab

and click the Inlet Velocity 1 item to select the
inner face of theinlet lid.

3 IntheParameter table select the Av check box

in the Total Pressure row.

4 Accept the selected Use for Conv. check box to
use this goal for convergence control.

5 Under Name Template, located at the bottom

of the PropertyManager, click Inlet |<*l_> |

Mame Template

#

ISG Inlet <Parameter: <Mumber:

[ e o o)

6 Click OK 4 - the new
SG Inlet Av Total
appears.

Pressure 1 god

MEE

% |zotropic

[—j @- Input Data

------- @ Computational Domain
E| 'Eﬁ Boundary Conditions

i Statit®ressure 1
% Porous Media
....... @ Porous Media 1

I_IIﬁH%H:@?

¥y Surface Goals

Selection

b

@ [Face<i>@lid Inlet-1

7 Right-click the Goals icon and select Insert Surface Goals.

Flow Simulation 2011 Tutorial

)

Parameter A
Paramater |Min |.C\V|Max|BuI|U5||A
Static Pressure [ (10 [
TatalPressure (1 R0 O
Drvnarmic Pressc ] (10 [
Temperature ol (][] [
Diensity O o0 O
Mass Flow Rake O
Yolurne Flow R O
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8 Click the Flow Simulation Analysis Tree tab SNEIE

and click the Static Pressure 1 item to select - rpe— -
the inner face of the outlet lid. 20 Input Data :|
9 Inthe Parameter table select the Av check box [ Computational Domein

E'Eﬁ Boundary Conditions

in the Total Pressure row. )
] Inlet Velocity 1

10 Accept the selected Use for Conv. check box to
use this goal for convergence control.

11 Under Name Template, located at the bottom r_| ﬁ""'@ﬁf”m Media 1 .
: -

1]

£

Mame Template & E ﬁ, | |% | -
mn!' =F. =':i IE _A p—

ISG Outlet <Parameter: <Murmber:
«

e Selection

[ |Face<t>@Lid outet-1

of the PropertyManager, click Outlet [,

]

@)
Parameter ]
Parameter |Min |.¢W|Max|BuI|Us-|A
Static Pressure (1 (1 [ [
Total Pressure (1 P00 O
12 Click oK o the new Dynamic Press [ [ [ [
Temperatorec [ [ ] |
SG Qutlet Av Total Pressure 1 god Density O oo o
appears. Mass Flow Rat |

Yalurne Flow R O
Define the Equation Goal

Equation Goal isa goal defined by an analytical function of the existing goals and/or
parameters of input data conditions. This goal can be viewed as equation goal during
the calculation and while displaying results in the same way as the other goals. As
variables, you can use any of the specified goals, including another equation goals,
except for goalsthat are dependent on other equation goals, and parameters of the
specified project’s input data features (general initial or ambient conditions, boundary
conditions, fans, heat sources, local initial conditions). You can also use constantsin
the definition of the equation goal.

1 Right-click the Goals icon and select Insert Equation SR Gosks

Goal. Ingert Global Goals...

Inzert Point Goals...
Inzert Surface Goals...
Inzert Yolume Goals...

Inzert Equation Goal...

Delete Al
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2 IntheFlow Simulation Analysistree select the SG Inlet Av Total Pressure 1 god. It
appears in the Expression box.

3 Click the minus"-" button in the calculator.
4 IntheFlow Simulation Analysistree select the SG Outlet Av Total Pressure 1 goal.

J You can use goals (including previously specified Equation Goals), parameters of
input data conditions and constantsin the expression defining an Equation Goal. If the
constants in the expression represent some physical parameters (i.e. length, area, etc.),
make sure that they are specified in the project’s system of units. Flow Smulation has
no information about the physical meaning of the constants you use, so you need to
specify the Equation Goal dimensionality by yourself.

5 Make surethat Pressure & Stress is selected in the Dimensionality list.

6 Click OK. The new Equation Goal 1 Equation Goal (1]
|tem aF)p%rs in the tree. S5 Inlet A Total Pressure 11456 Oullet Av Totdl Pressure 1] Undo Add
’7 Clear
e B
E e e
ey e | =
o o e [ =
Eer |
I¥ Use the goal for convergence conirol
0K | Cancal Help
Solution
1 Click Flow Simulation, Solve, Run. Run [71=]
. — Startup
2 CI ICk Run. ¥ | hiesh I™ | Tiahe previous results pe
. . Close
After the calculation has finished, closethe o f,'N » -
. . + Mew calculation elp
Monitor dlalog bOX ! Continuz caloulation
i~ CPU and memary usag
Use [z ] CRUG
r— Results processing after finishing the calculation
¥ Load results Batch Results.
Viewing the Goals
1 Right-click the Goal Plots icon under Results and select Ly %Y Plots
Insert. - Goal Plots
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2 Select the Equation Goal 1 inthe Goals dialog box. 5
T —

3 Click OK.

An Excel spreadsheet with the goal results will open. Thefirst sheet
will contain a table presenting the final values of the goal.

1., [reerations -

You can see that the total pressure drop is about 120 Pa.
Catalyst.SLDASM [Isotropic]

[Goal Name Junit [Value [Averaged Value [Minimum Value [Maximum Value[Progress [%] [Use In Convergence |
[Equation Goal 1 | IPa] | 120.0326909] 121.774802] 120.0326909] 124.432896| 100[Yes

To see the non-uniformity of the mass flow rate distribution over a catalyst’s cross section,
we will display flow trajectories with start points distributed uniformly across the inlet.

Flow Trajectories

1 Right-click the Flow Trajectories icon and select Insert.

2 Click the Flow Simulation Analysis Treetab and then click the I nlet Velocity 1 item.
This selects the inner face of theinlet lid.

3 Under Appearance, make surethat Color by Parameter

Appearance A
| n.ol is selected.and then change the parameter to S =
Velocity. X |D'Dm - j

4 Click Adjust Minimum/Maximum and Number of f&_l " =] E:]ll

Levels E# and set the Max valueto 12 m/s.

[z H£=
5 Click OK w E, IDma"s _'I |£|

To seetrgectories inside the porous media we will apply some transparency to the model.
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6 Click Flow Simulation, Results, Display, Transparency
and set the model transparency to 0. 75.

Value to set

1 um

ok | Gl | Help

Thisis the picture you will see.
12
[ 0.8
98
L 8.4
7.2
B
L 4.8

- 3B
2.4

[ 1.2 o
g i

walocity [mis]

To compare the effectiveness of aunidirectional porous catalyst to an isotropic catalyst, let
us calculate the project with a porous medium of unidirectional type.

Clone the Project

1 Click Flow Simulation, Project, Clone Project.
2 Enter Uni directi onal asthe Configuration name. s HE
3 Click OK.

' Create new
" Add to existing

Configuration name:

[uridirectional
Eristing eorfiguratiorn:
[oetau =

™ Copy results

K | Cancel Hep |

Create a Unidirectional Porous Medium

The materia you are going to create is already defined in the Engineering Database under
the Pre-Defined folder. You can skip the definition of porous material and select the
pre-defined "Unidirectional" material from the Engineering database when you will assign
the porous material to a component later in this tutorial.
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1 Click Flow Simulation, Tools, Engineering Database. |patabase hee:

2 IntheDatabase tree select Porous Media, User Defined. | -da Cities
#-@ Contact Thermal Resistancs

3 Ontheltems tab select the Isotropic item. G- Custom - Visualization Parar
Bl Fans

4 Click Copy . - Heat Sinks
- b aterialks
=-7% Parous Media

% Pre-Defined
T User Defined

5 Click Paste E The new Copy of Isotropic (1) item
appearsin thelist.

6 Select the Copy of

Isotropic (1) item and click the [SReracom@sonx i me
Item Properties tab. d

7 Renametheitemto
Uni di recti onal .

8 Changethe Permeability type
to Unidirectional.

9 Save the database and exit.

[Unidrectional 151 fmkars] Z

Now we can apply the new porous medium to the monoliths.

Define the Porous Medium - Unidirectional Type

3-14

1 Right-click the Porous Medium 1 icon and select Edit Definition.



2 Expand thelist of User Defined porous medium and
select Unidirectionallf you skipped the definition of the
unidirectiona porous medium, use the Unidirectional

b3

Porous Medium

- Pre-Defined
=) User Defined

material available under Pre-Defined. ‘.- |sotropic
3 Inthe Direction, select the Z axis of the Global

Coordinate System.

For porous media having unidirectional permeability, we
must specify the permeability direction as an axis of the
selected coordinate system (axis Z of the Global

coordinate systemin our case). [uridirectional =]
4 Clickok ¥ .

Direction A

. IGIDbaI Coordinate System

Direckion: I_ 'I

Since all other conditions and goals remain the same, we can
start the calculation immediately

Compare the Isotropic and Unidirectional Catalysts

When the calculation is finished, create the goa plot for the Equation Goal 1.

Catalyst.SLDASM [Unidirectional]

[Goal Name [unit [value [Averaged Value [Minimum Value [Maximum Value[Progress [%] [Use In Convergence |
|Equation Goal 1 | Pa | 117.0848512] 118.6235708| 117.0761518| 121.5639633| 100|Yes

Display flow trajectories as described above.

12 BTy
| R T8 )
96 - J
¥
L 7.2
N
L 4.8
. 3.6

2.4
[ 1.2
0

welocity [mis]

Comparing the trajectories passing through the isotropic and unidirectional porous
catalystsinstalled in the tube, we can summarize:
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Dueto the asymmetric position of the inlet tube with respect to the larger tube in which
the catalyst bodies are installed, the incoming flow is non-uniform. Since the incoming
flow is non-uniform, the flow inside the first catalyst body is non-uniform also. It is seen
that the catalyst type (isotropic or unidirectional) affects both the incoming flow
non-uniformity (slightly) and, more substantially, the flow within the catalysts (especialy
thefirst catalyst body). In both the cases the gas stream mainly entersthe first catalyst
body-closer to the wall oppositeto the inlet tube. For the isotropic case, the gas flows into
the first body nearer to the wall than for the case of the unidirectional catalyst. As aresullt,
the flow intheinitial (about one-third of the body length) portion of thefirst catalyst body
is noticeably more non-uniform in the isotropic catalyst. Nevertheless, due to the isotropic
permeability, the main gas stream expands in the isotropic catalyst and occupies alarger
volume in the next part of the body than in the unidirectional catalyst, which, duetoits
unidirectional permeability, prevents the stream from expanding. So, the flow in the last
two-thirds of the first catalyst body is less non-uniform in the isotropic catalyst. Since the
distance between the two porous bodiesinstalled in the tube is rather small, the gas stream
has no time to become more uniform in the volume between the catalyst bodies, although
in the unidirectional case a certain motion towards uniformity is perceptible. As aresult,
the flow non-uniformity occurring at the first catalyst body's exit passes to the second
catalyst body. Then, it is seen that the flow non-uniformity does not change within the
second catalyst body.

L et us now consider the flow velocity inside the catalyst. Thisis easy to do since the flow
trajectories colorsindicate the flow velocity value in accordance with the specified
palette. To create the same conditions for comparing the flow velocitiesin theisotropic
and unidirectional catalysts, we have to specify the same velocity range for the palette in
both the cases, since the maximum flow velocity governing the value range for the palette
by default is somewhat different in these cases. It is seen that, considering the catalyst on
the whole, the flow velocities in the isotropic and unidirectional catalysts are practically
the same. Therefore, from the viewpoint of gas residence in the catalyst, thereisno
difference between the isotropic and unidirectional catalysts.

We can conclude that the isotropic catalyst is more effective than the unidirectional
catalyst (of the same resistance to uniform flows), since the flow in it, as awhole, is more
uniform. In spite of specifying the same resistance of the catalysts to flow, the overall
pressure lossis lower by about 2% in the case of employing the unidirectional catalyst.
This difference is due to the different flow non-uniformity both in the catalyst bodies and
out of them.



4

Determination of Hydraulic Loss

In engineering practice the hydraulic loss of pressure head in any piping systemis
traditionally split into two components: the loss due to friction along straight pipe sections
and the local loss due to local pipe features, such as bends, T-pipes, various cocks, valves,
throttles, etc. Being determined, these losses are summed to form the total hydraulic loss.
Generally, there are no problems in engineering practice to determine the friction lossin a
piping system since relatively simple formulae based on theoretical and experimental
investigations exist. The other matter is the local hydraulic loss (or so-called local drag).
Here usually only experimental data are available, which are alwaysrestricted due to their
nature, especially taking into account the wide variety of pipe shapes (not only existing,
but also advanced) and devices, aswell as the substantially complicated flow patternsin
them. Flow Simulation presents an alternative approach to the traditional problems
associated with determining this kind of local drag, allowing you to predict
computationally almost any local drag in a piping system within good accuracy.

Click File, Open. Inthe Open dialog box, browse to the Valve.SL DPRT model located in
the Tutorial 1 - Hydraulic Loss folder and click Open (or double-click the part).
Alternatively, you can drag and drop the Valve.SL DPRT file to an empty area of the
SolidWorks window.
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Model Description

4-2

Thisisaball valve. Turning the handle closes or
opensthe valve.

Thelocal hydraulic loss (or drag) produced by a ball
valve installed in a piping system depends on the
valve turning angle or on the minimum flow passage
area governed by it. The latter depends also on a ball
valve geometrical parameter, which isthe ball-to-pipe
diameter ratio governing the handle angle at which
the valve becomes closed:

6= arcsin [ ZM}
pipe
The standard engineering convention for determining local drag is by calculating the
difference between the fluid dynamic heads measured upstream of the local pipe feature
(ball valvein our case) and far downstream of it, where the flow has become uniform
(undisturbed) again. In order to extract the purelocal drag the hydraulic friction lossin the
straight pipe of the same length must be subtracted from the measured dynamic head loss.

In this example we will obtain pressure loss (local drag) in the ball valve whose handle is
turned by an angle of 40°. The Valve analysisrepresents atypical Flow Simulation internal
analysis.

Internal flow analyses deal with flowsinside pipes, tanks, HVAC systems, etc. The fluid
entersamodel at the inlets and exits the model through outlets.

To perform an internal analysisall the model openings must be closed with lids, which are
needed to specify inlet and outlet flow boundary conditions on them. In any case, the
internal model space filled with afluid must be fully closed. You simply create lids as
additional extrusions covering the openings. In this example the lids are semi-transparent
allowing aview into the valve.



To ensure the model isfully closed click Flow Simulation, Tools, E=z==3

Check Geometry. Then click Check to calculate the fluid and pd
solid volumes of themodel. If thefluid volumeis equal to zero, the
model is not closed.

Click Fluid Volume to see the volume that will be occupied by
fluid in the analysis.

Uncheck Fluid Volume. Close the Check Geometry dialog box.

The Check Geometry tool allowsyou to calculate the total fluid
and solid volumes, check bodies for possible geometry
problems (i.e. invalid contact) and visualize the fluid area and
solid body as separate models.

Components:

I Exelude cavities without flow condiions

Enable
Disable
Enable Al
Disable All

The salid valume i 0.0037337722 m°3

Inyalid contacts:

Flid Volue

ik

Help

1

Thefirst step isto create a new Flow Simulation project.

Creating a Project

1 Click Flow Simulation, Project, Wizard. The project wizard guides you through the

definition of a new Flow Simulation project.

In the Project Configuration dialog box,
click Use current. Each Flow Simulation
project is associated with a SolidWorks
configuration. You can attach the project
either to the current SolidWorks
configuration or create a new SolidWorks
configuration based on the current one.

Click Next.

In the Unit System dialog box you can
select the desired system of units for both
input and output (results).

For this project use the International
System S| by default.

Click Next.

Flow Simulation 2011 Tutorial

[ wizard - Project configuration

c »
C Createrew

@ {lize cuient
Configuation name: 40 degrees - short valve (1]
on: (40 degrees - short velve,

1 compenent Contrl
I Fluid subdomains

18 Boundary Candtons|
. Tlet s Fow
M Statc pressure
B Fans
S Heat sources

Bk | [ News | | Cancel Hip |

Urit system:

[ Comment [
CGS (ema-s)
FPS (itds)

System
€65 (emgs]
FPS (ftbs)
1PS: (irib-s)

Physical time:
Geometiical Characteistc

LoadstMotion

Heat =l

<oook | [Heio ] cowdl | e |
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4

Inthe Analysis Type dialog box you can  E=xEmmm
select either Internal or External type of
the flow analysis.

To disregard closed internal spaces not
involved in theinternal analysis, you
select Exclude cavities without flow
conditions.

The Reference axis of the global
coordinate system (X, Y or Z) is used
for specifying datain atabular or
formulaform inacylindrical coordinate
system based on this axis.

Thisdialog a so alows you to specify advanced physical featuresyou may want to take
into account (heat conduction in solids, gravitational effects, time-dependent problems,
surface-to-surface radiation, rotation).

O00000fE|

<Book | [Her ] _ Comeol | Hep |

Specify Internal type and accept the other default settings.
Click Next.

Since we use water in this project, open
the Liquids folder and double-click the
Water item.

<Back | Net> | cameel | Hep

Engineering Database contains

4-4

numerical physical information on a wide variety of gas, liquid and solid substances as
well asradiative surfaces. You can also use the Engineering Database to specify a
porous medium. The Engineering Database contains pre-defined unit systems. It also
contains fan curves defining volume or mass flow rate versus static pressure difference
for selected industrial fans. You can easily create your own substances, units, fan
curves or specify a custom parameter you want to visualize.

Click Next.



6 Sincewe do not intend to calculate heat
conduction in solids, in the wall
Conditions dialog box you can specify
the thermal wall boundary conditions
applied by default to all the model walls
contacting with the fluid.

For this project accept the default
Adiabatic wall feature denoting that al
the model walls are heat-insul ated.

In this project we will not consider rough P e v
walls.
Click Next.

7 Inthelnitial Conditions dialog box specify
initial values of the flow parameters. For
steady internal problems, the specification of
these values closer to the expected flow field
will reduce the analysis convergence time.

aaaaaaaa

Value
User Defined
ggggggg

101325 Pa
2832K

mis
oms
mis

gk |[CED ]| ol | b |

For steady flow problems Flow Smulation
iterates until the solution converges. For unsteady (transient, or time-dependent)
problems Flow Simulation marches in time for a period you specify.

For this project use the default values.
Click Next.

8 IntheResults and Geometry Resolution — CEEEmETRZI
dialog box you can control the analysis
accuracy as well as the mesh settings and,
through them, the required computer
resources (CPU time and memory).

For this project accept the default result
resolution| evel 3.

I~ Manual specification of the minimum wallthickness
| i vl Bhickin ss efers b e Feaine dlimersion

| | Minimum wal thickness:

- 4
| EEsrerr
vy

N e

Result Resolution governs the solution accuracy via mesh settings and conditions of
finishing the calculation that can be interpreted as resolution of calculation results.
The higher the Result Resolution, the finer the mesh and the stricter the convergence
criteria. Naturally, higher Result Resolution requires more computer resources (CPU
time and memory).
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Geometry Resolution (specified through the minimum gap si ze and the minimum wall
thickness) governs proper resolution of geometrical model features by the
computational mesh. Naturally, finer Geometry Resol ution requires more computer
resources.

Select the Manual specification of the minimum
gap size check box and enter 0. 04 mfor the
Minimum gap size.

Flow Simulation calculates 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. However, this
information may be insufficient to recognize
relatively small gaps and thin model walls. This may
cause inaccurate results. In these cases, the
Minimum gap size and Minimumwall thickness must
be specified manually.

Click Finish.

The Flow Simulation Analysistree provides a convenient specification of project
data and view of results. You also can use the Flow Simulation Analysis tree to modify
or delete the various Flow Smulation features.

At the same time, a computational domain appears in the SolidWorks graphics areaas a
wireframe box.

The Computational Domain isa rectangular
prism embracing the area inside which the flow
and heat transfer calculations are performed.

The next step is specifying Boundary Conditions. Boundary Conditions are used to
specify fluid characteristics at the model inlets and outletsin an internal flow analysis or
on model surfacesin an external flow analysis.
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Specifying Boundary Conditions

1 Click Flow Simulation, Insert, Boundary Condition.
2 Select thelnlet Lid inner face (in contact with the fluid).
The selected face appearsin the Faces to Apply the

Boundary Condition @ list.

3 IntheType of Boundary Condition list, select the Inlet
Velocity item.

4 Click the Velocity Normal to Face V' edit box and set
itsvalueequal to 1 m' s (type the value, the units will
appear automatically).

5 Accept al the other parameters and click OK W )

Select Other E3

b3

Type
B

Inlet Mass Flow
Inlet Wolume Flow

O'—'tl1 Type of Boundary Cnnditionl

Outlerremem

b3

Flow Parameters
&) (=)&)
v |1 s a (£

™ Fully developed Flow

This simulates the water flow which enters the valve with the velocity of 1.0 m/s.

Flow Simulation 2011 Tutorial
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Chapter 4 Determination of Hydraulic Loss

6 Select the Outlet Lid inner face.

7 Inthe graphics area, right-click
outside the model and select Insert
Boundary Condition, Other. The
Boundary Condition dialog
appears with the selected face in the
Faces to apply the boundary

condition @ list.

WE &S
MEEa e

Zoom/Pan/Ratate

Recen! Commands

ace
53 3D Sketch On Plane

Exportto DXF / DWG
Live Section Plans
| Have.,

@ | Change Transparency
Feature (Dutlet Lid)

v
3%

Parent/Child.
[ | Configwe featue
| Delete.
Body

Isolats

W .
Insert Boundary Canditon...  » Enviranment Fressure
Insert Fan » Inlet Mass Flow
Inset Suface Goals Oufet Mass Flaw

Iniet Yolume Flow

Outet Vaume Flow
Iniet Velacity
Oufet Velagity
Other

Before the calculation starts, Flow Simulation checks the specified boundary
conditions for mass flow rate balance. The specification of boundary conditionsis
incorrect if the total mass flow rate on the inletsis not equal to the total mass flow rate
on the outlets. In such case the calculation will not start. Also, note that the mass flow
rate value is recalculated from the vel ocity or volume flow rate value specified on an
opening. To avoid problems with specifying boundary conditions, we recommend that
you specify at least one Pressure opening condition since the mass flow rate on a
Pressure opening is automatically calculated to satisfy the law of conservation of

mass.
. . ) . Type A

8 Click Pressure Openings |@| and in the Type of = -

Boundary Condition list select the Static Pressure |E”'ﬁ{j§”t|

item. Ervviranment Pressure Openings

Tokal Pressure
9 Accept the default values for Static Pressure P ghesmodsnamic A
Parameters

(101325 Pa), Temperature T (293.2K) and all the other | P |1U1325F'a :L Fe

parameters. T |2E|3.2K .:L Fe
10 Click ok ¥ .

By specifying this condition we define that at the ball valve pipe exit the water has a static
pressure of 1 atm.

4-8



The hydraulic losses are cal culated through the outlet and inlet total pressure difference
AP from the following formula:
_ AP

pVZ/2

where O isthe water density, and V is water velocity. Since we already know the water
velocity (specified by usas 1 m/s) and the water density (998.1934 kg/ m? for the specified
temperature of 293.2 K), then our goal is to determine the total pressure value at the
valve'sinlet and outlet. The easiest and fastest way to find the parameter of interest isto
specify the corresponding engineering goal.

Specifying Surface Goals

1 IntheFlow Simulation Analysistree, right-click the
Goals icon and select Insert Surface Goals. =B

2 Select the inner faces of theinlet lid and the outlet lid
(this can be done easily by holding down the CTRL
key and clicking the corresponding boundary
conditionsin the Flow Simulation Analysis tree).

Inzert Global Goals...

Ihzert Point Goals...

Ingert Wolume Goals...

3 Select Create goal for each surface

Selection "
check box to create two separate goals, S
i.e. one for each of the selected faces. Face<ls
4 IntheParameter table sdlect the Av -
check box in the Total Pressure row. |7 |
5 Accept selected Use for Conv. check box ¥ Create qgoal for each surface
to use the goals being created for
convergence control. fasameten A
Parameter |Min |.Cw |Max |Bu|k .ﬂ.v|Use |A
. w Skatic Pressure O oo |d
6 Click OK . The new SG Av Total Total Preceure O ®o 0
Pressure1 ar_ld SG Av Totgl Pressure2 ||oamicpresse 0 1 0 O
Items appear In the Flow Simulation Temperature of Fliid [ [ [ [
Analysistree.

Now the Flow Simulation project is ready for the calculation. Flow Simulation will finish
the calculation when the steady-state average val ue of total pressure calculated at the
valveinlet and outlet are reached.
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Running the Calculation

1 Click Flow Simulation, Solve, Run. The Run dialog box appears.
2 Click Run to start the calculation.

Flow Simulation automatically
generates acomputational mesh. The [z =22 +#B0r i+
mesh is created by dividing the

computational domain into slices,
which are further subdivided into cells.
The célls are refined as necessary to
properly resolve the model geometry.
During the mesh generation procedure,
you can see the current step and the =
mesh information in the M esh
Generation dialog box.

[@ o Log

Monitoring the Calculation

After the calculation starts, the Solver
Monitor dialog provides you with the
current status of the solution. You can
also monitor the goal changes and view
preliminary results at selected planes.
In the bottom pane of the Info window
Flow Simulation notifies you if
inappropriate results may occur. In our

case, the message “A vortex crosses w -
the pressure opening” appears to —

inform you that there is a vortex e L_sla ' =
crossing the opening surface at which ~ fe = S

you specified the pressure boundary

condition. In this case the vortex is broken into incoming and outgoing flow components.
When flow both enters and exits an opening, the accuracy of the results is diminished.
Moreover, there is no guarantee that convergence (i.e., the steady state goal) will be
attained at al. Anyway, in case a vortex crosses a pressure opening the obtained results
become suspect. If this warning persists we should stop the calculation and lengthen the
ball valve outlet pipe to provide more space for development of the vortex. It isaso
expedient to attach the ball valve inlet pipeto avoid the flow disturbance caused by the
valve's obstacle to affect the inlet boundary condition parameters.

Since the warning persists, click File, Close to terminate the calculation and exit the
Solver Monitor.
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You can easily extend the ball valveinlet and outlet sections by changing the offset
distance for the Inlet Plane and Outlet Plane features. Instead, we shall clone the project
to the pre-defined 40 degrees - long valve configuration.

Cloning the Project

1 Click Flow Simulation, Project, Clone Project. Clane Project HE
Click Add to existing.

" Lreate new
* Add to sxisting

Configuration game

3 IntheExisting configuration list, select 40 degrees -

40 dearees - short valve [1]

long valve. P——
4 Click OK. o
5 Flow Simulation has detected that the model was oK ] Coes Hep

modified. Confirm the both warning messages with Yes.

The new Flow Simulation project, attached to the 40 degrees - long valve configuration,
has the same settings as the old one attached to the 40 degrees - short valve so you can
start the calculation immediately.

Inthe Flow Simulation analysistree, right-click theroot % [
40 degrees - long valveitem and select Run. Then click =5 meuiData v Aulomalc Rcbuld

X @ Compute  Rebuild
Run to start the Ca] Cul ation. -Ff Boundar Hide Coordinate Spstem

Clone Project..

When the calculation is finished, close the Solver

Create Template...
Clear Configuration

Monitor dl alog bOX' Open Project Directory
L. X . Show Basic Mesh
L et us now see the vortex notified by Flow Simulation Basic Mesh Color..

during the calculation, as well as the total pressure loss.

Customize Tge...
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Creating a Cut Plot

4-12

Cut Plot dialog box appears.

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

% Resuls

; H‘E'E Mesh

The Cut Plot displays results of a selected parameter in a selected view section. To

define the view section, you can use SolidWorks planes or model planar faces (with the
additional shift if necessary). The parameter values can be represented as a contour
plot, asisolines, as vectors, or in a combination (e.g. contours with overlaid vectors).

In the flyout FeatureM anager
design tree, expand the Valve

item and select Plane2. Its name

appears in the Section Plane or

Planar Face NF list.

In the Cut Plot dialog box, in
addition to displaying Contours

=7 an
|_"| select Vectors |)_"|

Under Contours specify the parameter which vauesto [contours

Selection

@ g (@ )

A= —Q Planel
\9\
—Q Plane3

—5L Origin
", Az

—Q Plane5
H—6%2 Base-Revolve

Display

['___| Conkours
IQ | 1sclines
Eg; ‘ectors

|@| IMesh

L4
show at the contour plot. In the Parameter = box,

select X - Component of Velocity.

Under Vectors set the Vector Spacing \’% t00.012m

and set the Arrow size 1111 to 0.02 m.

In the Cut Plot diaog box click OK W . The new
Cut Plot 1 item appearsin the Flow Simulation

Analysistree.

ol

[E] CutExtudet
]—@ Boss-Extrude2
—Q Planeg
[]—@ BossSwespl
[]—S\f\h Bozz-Revalvel
—Q Plane?
& CurEstudes

= D‘@ Boss-Extrude?

£
[]—@ BossExtrudel
[
[

=(8)

_'.- IX — Companent of Yelocity

.& |Global Coordinate System

f# 1 =
L |
|§| 30 profile
Yectors ~
2 IVeIocity j |§_]|
‘%{ [Lizm j
[ TN EENRERERERENERRNEEECT T T
Al [A0zm :II
&) I -
|&_/.| IPressure j

| Z | SO wectars

|E| Gradient plok



However, the cut plot cannot be seen through the model. In order to see the plot, you can
hide the model by clicking Flow Simulation, Results, Display, Geometry. Alternatively,

you can use the standard SolidWorks Section View L] option.

7 Click View, Display, Section View. Under Section 1 section 1
specify Plane2 as a Reference Section Plane/Face and —

click oK ¥ |

b3

& [Fommooom |
[ [oooes |

. Edit Color |

¥ Show section cap

| T‘ | [EEEE

IR R S

8 IntheFlow Simulation Analysistree, right-click the |

Computational Domain icon and select Hide. =-Ff Bounds L
Now you can see a contour plot of the velocity and the o

velocity vectors projected on the plot.

For better visualization of the vortex you can scale small vectors:

9 IntheFlow Simulation Analysistree, right- £ B8 Resuls
click the Cut Plot icon and select Edit - Mesh
Definition. =3 CutPlots
L%
{) Surface Plots Edit Defimitian. .. I

é:, ::siosugac.es Hide
- wf' ra|ect?r Clear and Hide
ot Particle Studie Clare

. Point Paramet Delete. .
efd Surface Paran
--[[F] “elume Pararr Play

[{\:{1t ¢ Plats Apimation..

g Goal Plots Save Az

- faf] Repart Comn to Proiect

.- Tign Animations APy 10 FIOJEC.
Properties....
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10 Under Vectors click the Adjust Minimum and

Maximum|.E_:].| and change the Minimum Fovalue

to2ns.

Yectors

A
;’; I\;'elocity j@
A CEEEEED :II & s
Fo [Ams g =

I Mirimum] —
za [BoTZm j

[ TN IEE NN NNNNRE T T 1}
Afl [00zZm :II

[ TN RN NN ENENREETT [T 1}

By specifying the custom Minimum we change the vector length range so that the
vectorsin areas where velocity is less than the specified Minimum value will appear
asifitisequal to Minimum. This allows us to visualize the low velocity area in more

detail.

11 Click OK 4 to save the changes and exit the Cut Plot dialog box. Immediately the

cut plot is updated.

You can easily visualize the vortex by displaying the flow relative to the X axis. For that,
you can display the X - Component of Velocity component in atwo-color palette and set

the value, separating two colors, at zero.

12 In the graphics area, double-click the palette bar or right-click on it and select Edit

Definition.
13 Under Settings using the slider set Number of

Levels E# to 3.
14 In the Maximum E' box type 1.

15 In the Minimum £+« box type- 1.

16 Click OK ¥ .

4-14

! Color Bar 7

R

Settings A
: IX — Component of velocity j

,va |Ei|0ha| Coordinate System

" [ i -
L iz -
f# 3 =
“ ]
I - |




Now the distribution of the X - Component of Velocity component is displayed in red-
blue palette so that all the positive values arein red and al the negative values are in blue.
This means that the blue area show the region of reverse flow, i.e. half of the vortex.

Next, we will display the distribution of total pressure within the valve.

Working with Parameter List

By default the total pressureis not included in the list of parameters available to display.
To enable or disable a physical parameter for displaying you can use Parameter List.

1 Inthe Analysistree, right-click the Results B Disoiy Paranctr HE
icon and select Parameter List. Expand the S'P" e [~
Local item and select the Total Pressure e, —
check box or select parameter’srow and click J
Enable. B

[m]
2 Click OK to close the Display Parameters c
. [m]
dialog box. =
E—
Now you can apply the total pressure for the contour plot.
3 Inthe palette bar click the caption with the name of the current 1.000

visualization parameter and select Total Pressure in adropdown

list and click [,

-1.000

3

- Companent of Yelocly
¥ - Companent of Velacity
Z - Companent of Yelocly

4 Inthegraphics area, double-click the palette bar.
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5 Under Settings using the slider, set the Number  [cings A
of Levels e to about 30. |T0ta| Pressure =]

£ |114991.188 Pa = - ()

- v . = A (#

6 Click OK " tosave the changes and exit the F, [T = -~ @)
Color Bar dialog box. —

Ex a0 E

L 1

[ |

Immediately the cut plot is updated to display the
total pressure contour plot.

The cut plot shows you the flow pattern. To obtain the exact value of the total pressure
which isrequired to calculate the loss, we will use the surface goal plot.

Creating a Goal Plot

The Goal Plot allows you to study how the goal value changed in the course of
calculation. Flow Smulation uses Excel to display goal plot data. Each goal plot is
displayed in a separ ate sheet. The converged values of all project goals are displayed
in the Summary sheet of an automatically created Excel workbook.

Click view, Display, Section View to hide the section.

1 IntheFlow Simulation Analysis tree, under Results, oy s Plats
right-click the Goal Plots icon and select Insert. The Goal B, Goal Plots
Plot dialog box appears. ] Report
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2 SelectAll.

3 Click OK o . The Goalsl Excel workbook is

created.

Goals

b

[wl53 &v Tatal Pressure 1
[¥l5i3 &v Tatal Pressure 2

F.T..x IIterations j

This workbook displays how the goal changed during the calculation. You can take the
total pressure value presented at the Summary sheet.

Valve.SLDPRT [40 degrees - long valve]

Goal Name Unit

Value

Averaged Value

Minimum Value

Maximum Value|Progress [% |Use In Convergence

SG Av Total Pressure 1 [Pa]

101833.4184

101833.8984

101833.3951 101834.7911 100|Yes

SG Av Total Pressure 2 [Pa]

111386.6792

111389.5793

111384.8369 111399.0657 100|Yes

In fact, to obtain the pressure loss it would be easier to specify an Equation goal with the
difference between the inlet and outlet pressures as the equation goal’s expression.
However, to demonstrate the wide capabilities of Flow Simulation, we will calculate the
pressure loss with the Flow Simulation gasdynamic Calculator.

The Calculator contains various for mulae from fluid dynamics which can be useful for
engineering calculations. The calculator is a very useful tool for rough estimations of
the expected results, as well as for calculations of important characteristic and
reference values. All calculationsin the Calculator are performed only in the
International system of units Sl, so no parameter units should be entered, and Flow
Smulation Units settings do not apply in the Calculator.

Working with Calculator

1 Click Flow Simulation, Tools, Calculator.

2 Right-click the Al cell inthe Calculator sheet
and select New Formula. The New Formula
dialog box appears.

Result

3 IntheSelect the name of the new formula tree
expand the Pressure and Temperature item
and select the Total pressure loss check box.

Flow Simulation 2011 Tutorial
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Chapter 4 Determination of Hydraulic Loss

4 Click OK. Thetotal pressureloss formula
appears in the Calculator sheet.

In the Result (or A) column you seethe formula
name, in the next columns (B, C, etc.) you see
names of the formula arguments (variables and
constants). You can either type all the formula
arguments' values in cells under their namesin
the Sl units, or copy and paste them from the
goa s Excel worksheet table obtained through the
Goalsdiaog box. Theresult value appearsin the

New Formula

=

Selectthe name of the new formula:

#- O MNumeric Calculations
#- [ Dimensionless Parameters
#- [0 Compressible Flow
#- [ Thermodynamic Properties and Heat Transfer
=-OFressure and Temperature
[0 Total temperature
[ Total pressure
O Dynamic pressure
[ Total pressure loss
[ Fressure coefficient
#- [0 Gasdynamic Function
#-[JMass and Yolume Flow Rate
#- [ Constants

Result column cell immediately when you enter K i
all the arguments and click another cell. W e

[T Preview formula

5 Specify the valuesin the cells as follows:

Density = 998.1934 (the water density for the
specified temperature of 293.2 K),
Velocity = 1.

| Untitled - Gasdynamic Calculator
File Edit “iew Hepot Units Help

D &*tB28 A + 3

IS

Result
A B [ D E
Total p Total pi Total p
loss at point 1 at point 2
2 95981934 kg/m™3 1 m/s

Hame

1| Total pressure loss Density Yelocity

6 Open the goalsl Excel workbook and copy the Value of SG Av Total Pressure 1 into
the Clipboard.

7 Go tothe Calculator, click the B2 cell and press Ctrl+V to paste the goal value from
the Clipboard.

8 Return to Excel, copy the Value of SG Av Total Pressure 2. Go to the Calculator,
click the C2 cell and press Ctrl+V. Click any free cell. Immediately the Total pressure

loss value appearsin the Result column.

Total p Total p
loss at point 1

19141113 1833418 Pa

Tolal_r

Total pressure loss at point 2

Density Yelocity

19981934 kg/m™3 1 mis

9 Click File, Save.

10 Inthe Save As dialog box browse to the folder where the ball valve model used in this
exampleislocated, enter bal | val ve for the file name, and click Save.

11 Click File, Exit to exit the Calculator.
To obtain the pure loca drag, it is necessary to subtract from the obtained value the total
pressure loss due to friction in a straight pipe of the same length and diameter. To do that,

we perform the same calculations in the ball valve model with the handle in the 0° angle
position. You can do this with the 00 degrees - long valve configuration.
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Since the specified conditions are the same for both 40 degrees - long valve and 00
degrees - long valve configurations, it is useful to attach the existing Flow Simulation
project to the 00 degrees - long valve configuration.

Clone the current project to the 00 degrees - long valve Sy HES
configuration.  Bmzn

& Add to existing

Existing configuration:

Since at zero angle the ball valve becomes a simple straight pipe, there is no need to set the
Minimum gap size value smaller than the default gap size which, in our case, is
automatically set equal to the pipe’s diameter (the automatic minimum gap size depends
on the characteristic size of the faces on which the boundary conditions are set). Note that
using asmaller gap size will result in afiner mesh and, in turn, more computer time and
memory will be required for calculation. To solve your task in the most effective way you
should choose the optimal settings for the task.

Changing the Geometry Resolution

Check to see that the 00 degrees - long valve is the active configuration.

1 Click Flow Simulation, Initial Mesh. EIZD (1]
Automatic Setings \
2 Clear the Manual specification of [
the minimum gap size check box. e — S
. gap — || e
3 Click OK.
™ Manual specification of the minimum gap size
i
. X X Minimum gap size:
Click Flow Simulation, Solve, Run. 4
Then click Run to start the calculation. F————

I Manwal specification of the minimum wall thickness

After the calculation isfinished, create st oo
the Goal Plot. The goals2 workbook is =
created. Go to Excel, then select theboth - e aron chometcienent izt estton

cellsin the Value column and copy them e [ e

into the Clipboard.

Goal Name Unit Value Averaged Value |[Minimum Value

SG Av Total Pressure 1 [Pa] 101805.2057 101804.8525 101801.4794

SG Av Total Pressure 2 [Pa] 102023.7419 % cut 102022.7459
= -]
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Chapter 4 Determination of Hydraulic Loss

Now you can calculate the total pressure lossin a straight pipe.
1 Click Flow Simulation, Tools, Calculator.

2 IntheCalculator menu, click File, Open. Browse to the folder where you saved the
calculator file earlier in this tutorial and select the ball valve.fwc file. Click Open.

3 Click the B4 cell and in the Calculator toolbar click E to paste data from the
Clipboard.

4 Savetheexisting value of thetota pressureloss: click the A2 cell, click , then click
the A7 cell and finaly clickﬂ.

5 Double-click the Name7 Total pressure loss Total pressure  Total pressure
cell and type 40 degr ees. nss il
-13.1411019 10833418 Pa
1018062057
1020237419
40 degrees
6 Right-click the Total B | C | D
pressure at point 1 cell and select Add Total mressure - Tofal nressure G
iat Mew Fomula..
;@ 11" Delete Formula 1334 kg
Relation. The cursor appears. O
Delete Row
Add Relation

Delete Relation

| mport: frem the Engnesnng DEL..
B urmernc Ealeulation

7 Click the B4 cell. The value of total pressureis ‘Total pressure |
now taken from the B4 cell. atpoint1
8 Right-click the Total pressure at point 2 cell and select Add 101833 418 Fa
Relation. 751 101805.2057
102023.7413
9 Click theB5 cell. Thevalueof total pressureisnow taken fromthe ' 1gtal pressure
B5 cell. Immediately the total pressure valueis recal culated. at point 1=B4
101305, 206 Pa
1018052067

@ 102023.7419
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Now you can calculate the local drag in the ball valve whose handle is set at 40°.

Total Pressure loss (40 deg) | Total Pressure loss (0 deg) Local Drag
19.14 0.44 18.70
Flow Simulation 2011 Tutorial 4-21
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5

Cylinder Drag Coefficient

Flow Simulation can be used to study flow around objects and to determine the resulting
lift and drag forces on the objects due to the flow. In this example we use Flow Simulation
to determine the drag coefficient of acircular cylinder immersed in a uniform fluid
stream. The cylinder axisis oriented perpendicular to the stream.

The computations are performed for arange of Reynolds numbers (1,1000, 105), where
_pub , , , . ) . :
Re= 0 D isthe cylinder diameter, U isthe velocity of the fluid stream, pisthe
density, and uisthe dynamic viscosity. The drag coefficient for the cylinder is defined as:
F

D
Ch= ———
° 1%L
P
where Fpy isthe total force in the flow direction (i.e. drag) acting on acylinder of diameter

D and length L.

The goal of the simulation isto obtain the drag coefficient predicted by Flow Simulation
and to compare it to the experimental data presented in Ref.1.
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Chapter 5 Cylinder Drag Coefficient

Click File, Open. In the Open diaog box, browse to the Cylinder 0.01m.SLDPRT part
located in the Tutorial 2 - Drag Coefficient\cylinder 0.01m folder and click Open (or
double-click the part). Alternatively, you can drag and drop the cylinder 0.01m.SLDPRT
file to an empty area of SolidWorks window.

The Cylinder analysis represents atypical Flow Simulation External analysis.

External flows analyses deal with flows over or around a model such as flows over
aircrafts, automobiles, buildings, etc. For external flow analyses the far-field
boundaries are the Computational Domain boundaries. You can also solve a combined
external and internal flow problemin a Flow Smulation project (for example flow
around and through a building). If the analysis includes a combination of internal and
external flows, you must specify External type for the analysis.

The first step isto create a new Flow Simulation project.

Creating a Project

5-2

1 Click Flow Simulation, Project, Wizard. The project wizard guides you through the
definition of a new Flow Simulation project. In this project we will analyze flow over
the cylinder at the Reynolds number of 1.

2 Select Create new. Inthe Configuration
name box type Re 1. Thisisthe name of
the SolidWorks configuration that will be
created for the associated Flow
Simulation project.

Click Next.




3 IntheUnit System diaog box you can e
select the desired system of unitsfor both
input and output (results).

Urit system:

In this project we will specify the
International System Sl by default.

Click Next.

| T edenew Neme: [ETlmkgs) modhed

Paraneter

Pressure & stiess Pa 12
Velacity ms 23
Mass

#
i
A NN
4 \§\\\§\\\ P’
- # Length m 123
Temperature K 12

<Book | [Her ] _ Comeol | Hep |

- Anapsis ype Considerclased cavies | (%
 Intemal T Exclude cavites without flow condiions.
@ Edemal I~ Exclude intemal space

Physical Features. TValue
Heal conduction in solids

4 IntheAnalysis Type dialog box select an  EzEmmm
External type of flow analysis. Thisdiaog
also allows you to specify advanced
physical features you want to include in
the analysis. In this project we will not use
any of the advanced physical features

Reference 2 vis: [X = Deperdeny,. | )
<Bock |[_Bet> | Cawel | Hep |

To disregard closed internal spaces within the body you can select Exclude internal
spaces; however no internal spaces exist within the cylinder in thistutorial. The
Reference axis of the global coordinate system (X, Y or Z) isused for specifying data
in atabular or formula form with respect to a cylindrical coordinate system based on
thisaxis.

The flow over a cylinder is steady at a Reynolds number Re < 40 (see the cylinder Re
definition above) and unsteady (time-dependent) at Re > 40. Snce in this tutorial the
first calculation is performed at Re=1, to accelerate the run, we perform a steady-state
analysis.

Click Next.
5 Since we use water in this project, open

the Liquids folder and double-click the
Water item. ‘ :
o = J
- R123 Pre-Defined
- R134a Pre-Defined
! R22 Pre-Defined
Pre-Defined
Add
| Remove
[ Flow Characteristic TValue
type Laminar and Turbulent
* >
CI |Ck Next. - <Back | New> | Cemeel | Hep
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Chapter 5 Cylinder Drag Coefficient

6 Inthewall Conditions dialog box you

may specify the default thermal wall
conditions applied to al the model wallsin
contact with the fluid.

In this project we keep the default
Adiabatic wall setting, denoting that all the
model walls are heat-insulated and accept
the default zero wall roughness.

Click Next.

ooy |G
<Book | [ New> | Concdl | Heb |

For asteady Exter nal problem, such asthe
cylinder in thistutorial, the I nitial and Ambient Conditions dialog box asksyou to
specify the ambient flow conditions of the undisturbed free stream. Thus you will
specify initial conditions inside the Computational Domain and boundary conditions
a the Computational Domain boundaries. The ambient conditions are
thermodynamic (static pressure and temperature by default), velocity, and turbulence
parameters.

In this project we consider the flow under the default thermodynamic conditions (i.e.,
the standard atmosphere at sea level), and set the incoming stream (X-component)
velocity in accordance with the desired Reynolds number.

For convenience we can use the
Dependency box to specify the incoming
flow velocity in terms of the Reynolds
number.

Click inthe Velocity in X direction field.
The Dependency button is enabled.

TValie | @
User Defined

aaaaaaaaa
101325 Pa
232K

Omis
s

Click Dependency. The Dependency
dialog box appears.

(e )| ©
<Bock |[_Bet> | Cawel | Hep |

Using Dependency you can specify data in several ways: as a constant, as a tabular or

9

5-4

formula dependency on x, y, z 1, 8, ¢ coordinates and timet (only for time-dependent
analysis). Theradiusr isthe distance from a point to the Reference axis selected from
the reference coordinate system (the Global Coordinate System for all data set in the
Wizard and General Settings dialog boxes), while 8 and ¢ arethe polar and
azimuthal angles of spherical coordinate system, respectively. Therefore, by
combination of r, 6, and ¢ coordinates you can specify datain cylindrical or spherical
coordinate systems.

Inthe Dependency type list select Formula Definition.



10 Inthe Formula box type the formula defining the flow Dependency 1]

velocity using the Reynolds number: ot |
1*(0. 0010115/ 0. 01/ 998. 19) . Here: T
1 —the Reynolds number (Re) Bokipce | cem
8 | (] sn % T

0.0010115 (Pa* s) - the water dynamic viscosity (1) at the
specified temperature of 293.2 K

0.01 (m) - the cylinder diameter (D)

998.19 (kg/m°)- the water density () at the specified
temperature of 293.2 K

11 Click OK. You will return to the Initial and Ambient K] Corcd | e
Conditions dialog box.

S| )| e y | phi

~ | tan z | theta

of ||~
o
mlw|o|w

For most flowsiit isdifficult to have agood estimation of their turbulence a priori, so it
isrecommended that the default turbul ence parameters be used. The default turbulence
intensity values proposed by Flow Simulation are 0.1% for external analyses and 2%
for interna analyses and these values are appropriate for most cases. In this project we
will specify aturbulence intensity of 1%.

12 Expandthe Turbulence parameters item
and in the Turbulence intensity box
type 1.

Click Next.

TValie | @
User Defined

101325 Pa
232K

<Dependsncy »

mie
me

13 IntheResult and Geometry Resolution
dialog box specify the result resolution
level of 7 and accept the automatically
defined minimum gap size and minimum
wall thickness.

Click Finish. The project is created and
the 3D Computational Domain is
automatically generated.

7 Opinis 9

<Back |[Emsh | Cawe | Heb

In thistutorial we are interested in determining the drag coefficient of the cylinder only,
without the accompanying 3D effects. Thus, to reduce the required CPU time and
computer memory, we will perform a two-dimensional (2D) analysisin thistutorial.
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Chapter 5 Cylinder Drag Coefficient

Specifying 2D simulation

5-6

In the Flow Simulation Analysis tree, expand the Input Data item.

2 Right-click the Computational Domain icon and B InputDats

H Q Cormputational Dogain

select Edit Definition. Yo
: Eﬁ Boundary EDndItIEM
: Hide |
Under Type select 2D simulation | ] | and XY plane | Type 2
(since the Z-axis isthe cylinder axis). ()| 30 simulation
@l 20 simulation
& 2y plane
%7 plane
Y7 plane

Automatically the Symmetry 4] condition is specified |size and Conditions
at the Z min 8, and Z max &, boundaries of the
Computational domain under Size and Conditions.

g

&, 0055 m

@ @
ENQEN

&, [003Em

You can see that the Z min &, and Z max (&,
boundaries are set automatically, basing on the model
dimensions. = |n_035 m
Thus the reference cylinder length L in the cylinder &
drag (Cp) formula presented aboveisequal toL = Z i
max-Z min = 0.002 m.

e bl bl L
EiE
Lol L

I-D.EIBS m

&, [0.00T j|}] =]
&, [0.007m ;||;.}] =]

For most cases, to study the flow field around an external body and to investigate the

effects of design changes it is recommended to use the default Computational Domain
size as determined by Flow Smulation. However, in this case we will compare the
Flow Smulation results to experimental results and we would like to determine the
drag coefficient with a high degree of accuracy. In order to eliminate any disturbances
of the incoming flow at the Computational Domain boundaries due to the presence of
the cylinder, we will manually set the boundaries farther away from the cylinder. The
accuracy will be increased at the expense of required CPU time and memory dueto the
larger size of Computational Domain.



5 Under Size and Conditions specify the X and Y

. i X . Size and Conditions
coordinates of the Computational domain boundariesas

g

shown on the picture to the right. &=, ID.15m j| -]
& [0%5m j| =]
&, [01Em :II =]
&, [075m :II =]
6 ClickOK % .

Since the incoming flow is aligned with the X-axis direction, the cylinder drag coefficient
is calculated through the X-component of the force acting on the cylinder.

The X-component of force can be determined easily by specifying the appropriate Flow
Simulation goal. For this case you will specify the X - Component of Forceasa Global
Goal. Thisensuresthat the calculation will not be finished until X - Component of Force
in the entire computational domain (i.e. on the cylinder surface) is fully converged.

Specifying a Global Goal

1 Click Flow Simulation, Insert, Global Goals.

2 Inthe Parameter table select thefirst
check box in the X - Component of

Parameter &

Parameter |Min |.Cw |Max |Bu|k .ﬂ.v|Use |:|
Force row. Heat Flux O OO
3 Accept selected Use for Conv. check box | |- Companent of Heat F LI L] []
t this goal for convergence control, | |- comeerentof eatt L L) L]
ouse g g © | |Z - Compornent of Heat F [ ][]
Heat Transfer Rate O
¥ - Component of Heat © O
¥ - Component of Heat © O
7 - Component of Heat © O
Maormal Force O
For the X(Y, Z) - Component of Force % - Companent of Norme O
and X(Y, Z) - Component of Torque goals | |« - companent of Marm: O
you can select the Coordinate systemin | |2 - Component of Horme O
which these goals are calculated. In this | [T ; Ll
le the default Global C dinat ¥ - Companent of Force §
exampl e the defau obal Coordinate |, -omponent of Force i
System meets the task. Z - Comporent of Force O
4 Clickok ¥ The new GG X - .  E# Goas
Component of Force 1 item appearsin the Flow L.J BB X - Comporent of Force 1
Simulation Analysis tree. =-0F Fesuls
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Specifying an Equation Goal

When the calculation is finished, you will need to manually calculate the drag coefficient
from the obtained force value. Instead, let Flow Simulation to make all the necessary
calculations for you by specifying an Equation Goal.

1

5

Click Flow Simulation, Insert,

HE
Equation Goal. —
In the Flow Simulation Analysis tree

select theGG X - Conponent of
Force 1 goal. It appearsin the
Expression box.

Use buttons in the calculator or keyboard to complete the expression as follows:
{GG X - Conponent of Force 1}/(0.002*(1*0.0010115)"2)*(2*998. 19*0. 01).

Select No units inthe Dimensionality list and click OK. The new Equation Goal 1 item
appearsin the Flow Simulation Analysistree.

Rename the Equation Goal 1 toDrag Coeffi ci ent.

To compare the Flow Simulation results with the experimental curve taken from Ref.1, we
will obtain the results at a Reynolds number of 1, 10° and 10°. Aswith Re = 1, the
Cylinder 0.01m.SLDPRT is used to calculate the flow at the Reynolds number of 10°.
The Cylinder 1m.SLDPRT is used to calculate the flow at the Reynolds number of 10°.

Cloning a Project and Creating a New Configuration

5-8

Inthe Flow Simulation Analysistree, right-click thetop % _ :
Re 1 icon and select Clone Project. =5 [l v aiﬂzt'c Flebuld
Inthe Configuration name box, typeRe 1000. Hide Coordinate System

[

8
! Create Template. ¥

Clear Configuration

Open Project Directony
|" Show Basic Mesh
1 Basic Mesh Calor..
{  Customize Tree...




3 Click OK. The new Re 1000 configuration is Clone Project HE
created with the Flow Simulation project
attached.

& Create new
' Add to existing
Configuration name:

[Fre 1000

Eristing canfiguration:

I Default j

™ Copy results

QK I Cancel | Help |

Since the new project isa copy of theRe 1 Flow
Simulation project, you only need to change the flow velocity value in accordance with
the Reynolds number of 1000. Usethe General Settings dialog box to change the data

specified in the Wizard, except the settings for Units and Result and Geometry
Resolution.

The General Settings always presents the current state of the project parameters. You
can change General Settings to correct the settings made in the Wizard or to modify
the project created with the Flow Simulation Template in accordance with the new
project requirements.

Changing Project Settings

1 Click Flow Simulation, General Settings. The General Settings dialog box appears.

2 Asit has been mentioned above, since
the flow over acylinder isunsteady at |05 | TEIEEEL Ll ©
Re > 40, sd ect the Time-d epend ent & Edtemal ™ Exclude intemal space —
physical feature for this project. - — . fane

) ::::;i:r'l‘duulmn in solids E G sl conditons
3 IntheNavigator click Initial and Time-dopendent g Pt ot
Gravity [m] conditions

ambient conditions. Hoin 0

Retererce s [~ DEendey
ok | ey Carced | Hep |
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4 Click the Velocity in X direction field
and then click Dependency.

5 IntheFormula box, type the formula
for the new Reynolds number:
1e3*(0. 0010115/ 0. 01/998. 19) .

General Settings [7]x]
Parameter Definition User Defined
= Thermodynamic Parameters @ Anelysis type
o Pressure 101325 Pa

932K Fluids

& vl conitons
- VelocitpinZ drection Infial and amblent
Turbulence Parameters condiions
Dependency..
ok | aeey | cencel | Hep |
Dependency type:
[Formuia Definiion |
Formula:
IT e3(0.0010115/0.01/998.19)
7|83 + [ | =in E T
41568 - ] | cos ¥ phi
1 2 3 * “ | tan z | theta
1] E /| exp| log t

6 Click OK toreturn to the General Settings dialog box.

7 Click OK to save changes and close the General Settings

dialog box.

Changing the Equation Goal

ok | cencal Help

1 Right-click the Drag Coefficient icon under Goals and select Edit Definition.

2 IntheExpression box type the new formulafor the new Reynolds number:
{GG X - Conponent of Force 1}/(0.002*(0.0010115*10"3)"2)*(2*998. 19*0. 01).

3 Select No units inthe Dimensionality list.
4 Click OK to save changes and close the Equation Goal dialog box.
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In the experiments performed with one fluid medium, the Reynolds number’slargeriseis
usually obtained by increasing both the velocity and the model overall dimension (i.e.
cylinder diameter) sinceit isdifficult to increase only velocity by e.g. 10° times. Since our
simulation is performed with water only, let us increase the cylinder diameter to 1 mto
perform the calculation at a Reynolds number of 10°.

Cloning a project is convenient if you want to create similar projects for the same model.
The easiest way to apply the same general project settings to another model isto use the
Flow Simulation Template.

[J Template contains all of the general project settings that can be used as a basis for a
new project. These settings are: problemtype, physical features, fluids, solids, initial
and ambient flow parameters, wall heat condition, geometry and result resolution, and
unit settings. Notice that Boundary Conditions, Fans, Initial Conditions, Goals and
other features accessible fromthe Flow Simulation, Insert menu, aswell asresultsare
not stored in the template. Initially, only the New Project default template is available,
but you can easily create your own templates.

Creating a Template

1 Click Flow Simulation, Project, Create Template. (=]

The Create Template dialog box appears.

In the Template name box, type Cyl i nder Dr ag.

3 Click Save. The new Flow Simulation template is
created.

Template name.

Cyiinder Drag

D All templates are stored as .fwp filesin the <install_dir>/Template folder, so you can
easily apply a template to any previously created models.

4 Savethe model.
Next, create a new project based on the Cylinder Drag template.

Creating a Project from the Template

Open the Cylinder 1m.SLDPRT file located in the cylinder 1m folder.
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1 Click Flow Simulation, Project, New. The New Flow N Flow Simulation Project
Simulation Project dialog box appears. [ e
1 Use cument
In the Configuration name box, type Re 1e5. B
. ) IF\ETEﬂ
3 InthelList of templates, select Cylinder Drag. P—
. [Detau |
4 Click OK.
= Flow Simulation template
List of templates:
[Cyiinder Drag =
[ ] Cancel Hep |

The newly created project has the same settings as the Re 1000 project with the cylinder
0.01m model. The only exceptions are Geometry Resolution and Computational
Domain size, which are calculated by Flow Simulation in accordance with the new model
geometry.

Notice that the 2D simulation setting and Global Goal are retained. Next, you can modify
the project in accordance with the new model geometry.

1 Click Flow Simulation, Computational Domain and

Size and Conditions R

adjust the computational domain size as shown at the

picture to the right. &, [&Em :II E =]
&y [15m j = -]
@, [fEm j ==
&, [15m j =k
@, [iTm :II [@ ]
&, [0Tm j [a =]

Click OK % .

3 Open the General Settings dialog box and click Initial and ambient conditions, click
the Velocity in X direction field, then click Dependency.

4 Changethe velocity X component formula as follows:
1le5* (0. 0010115/ 1/998. 19).

Click OK to return to the General Settings dialog box. E e

By default, Flow Simulation determines the default e |t |
turbulence length basis equal to one percent of the model e ==
overdl dimension (i.e. cylinder diameter). Since the Re 15
project was created from the template, it inherited the
turbulence length value caculated for the small cylinder

(d =0.01m). For the cylinder 1m we need to change thisvalue.

1| eos v | ehi

o ten 2 | thets

of ||~
@




8
9

In the General Settings dialog box Goneral Sotings 1]

expand the Turbulence parameters S I I oo |
Parameter Definition User Defined @ ant .
H H Thermodynamic Parameters nalysis type
item. Type 0. 01 mintheTurbulence [ " iszEP
. " Temperatuie 29326 Fluids
len g th fi d d = Velocity Parameters "
- Velacity in % direction « Dependency > W ‘Wl condtions
. S Velocity in'Y direction Omds
L Velocity in Z dirsction Omds Intisl and ambient.
CI ICk OK . = Turbulence Parameters condtions
o Parameters: Turbulence intensity and length
o Tubulence intensity
“- Tubulence length 0.0 m

Create the Equation Goal for the drag coefficient of the cylinder asit was described
before. In the Expression box enter the formula:

{GG X - Conmponent of Force 1}/ (0.2*(0.0010115*1075)~2)*(2*998. 19*1).
Select No units in the Dimensionality list.
Click OK. Rename the Equation Goal 1to Drag Coefficient.

Now you can solve all of the projects created for both the cylinders.

Solving a Set of Projects

Flow Simulation alows you to automatically solve a set of projects that exist in any
currently opened document.

1
2

3

Click Flow Simulation, Solve, Batch Run.

Select the Solve check  Eozxmm BE
bOX | n the A“ pI’OjeCtS Projects [Mesh [Solve [New [ Close Montor | Fiun At [Use CPU[S) [Status. 1
Allprojects ) This computer (CAD session) | 2
row to select Solve for 1 i mstore
ﬂ - FRetes © This compuler (CAD session] | 2
I 5 cylinder 0.01m SLOPY
al projects (Re 1, e v s o 40 s 2
e Re = This computer [CAD session]

Re 1000, Re 1€5). Also
select the Close Monitor
check box in the

All projects row. When
theClose Monitor check
box is selected, Flow
Simulation
automatically closesthe R —— Bahents
Solver Monitor window
when the calculation
finishes.

Click Run.

Getting Results

After al calculations are complete, go to the cylinder 0.01m model and activate the Re
1000 configuration. Create Goal Plot to obtain the Drag Coefficient value:

1

Click Flow Simulation, Results, Load\Unload Results.
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5-14

2 InthelLoad Results dialog box, keep the default project’s resultsfile (2.fld) and click

Open.

3 IntheFlow Simulation Andysis tree, under Results,
right-click the Goal Plots icon and select Insert. The
Goal Plot dialog box appears.

4 Select All.

5 Click OK 4 . The Goalsl Excel workbook is created.
Switch to Excel to obtain the value.

Goals

g IAII Goals

W15 % - Component of Force 1
[WEquation Goal 1

F.T..x IIterations

cvlinder 0.01m .SLDPRT [Re 1000]

Goal Name

Unit

Value

Averaged Value

Minimum Value

Maximum Value

GG X - Component of Forcg

[N]

0.000118661

0.000112731

0.000102502

0.000122439

Drag Coefficient

B

1.157683117

1.099830977

1.00002738

1.194542459

6 ActivatetheRe1 configuration and load results. Create the goal plot for both the goals.

cvlinder 0.01m.SLDPRT [Re 1]

Goal Name Unit Value Averaged Value [Minimum Value [Maximum Value
GG X - Component of Forcq [N] 1.14446E-09 1.16833E-09 1.12811E-09 1.8234E-09
Drag Coefficient [1] 11.1656052 11.3984466 11.00608012 17.78943946

7 Switch to the cylinder 1m part, activate the Re 15 configuration, load results and
create the goal plot for both the goals.

cvlinder 1Im.SLDPRT [Re 1e5]

Goal Name Unit Value Averaged Value |[Minimum Value |Maximum Value
GG X - Component of Forcqd [N] 0.44242974 0.442499134 0.429568256 0.451472343
Drag Coefficient [1] 0.431644044 0.431711746 0.419096102 0.440466204

Even if the calculation is steady, the averaged value is more preferred, since in this case
the oscillation effect is of 1ess perceptibility. We will use the averaged goal value for the
other two cases as well.



You can now compare Flow Simulation results with the experimental curve.

‘G'? sl saasal i Licl 1 L saaaal i sl PEEEEETIT | L
|:!
o4
1 &
107 3
n‘.ﬁ 3 =
w2 3 i
| 4 L
il
[=] “ |
LE] D“ 14.*_“.. .
1073 D seess Bt R E
E E A
b [m] "] L
=T
. [}
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Ref.1Roland L. Panton, “Incompressibleflow” Second edition. JohnWiley & sonsinc., 1995
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6

Heat Exchanger Efficiency

Flow Simulation can be used to study the fluid flow and heat transfer for awide variety of
engineering equipment. In this example we use Flow Simulation to determine the
efficiency of acounterflow heat exchanger and to observe the temperature and flow
patternsinside of it. With Flow Simulation the determination of heat exchanger efficiency
is straightforward and by investigating the flow and temperature patterns, the design
engineer can gain insight into the physical processes involved thus giving guidance for
improvements to the design.
A convenient measure of heat exchanger performanceisits“efficiency” in transferring a
given amount of heat from one fluid at higher temperature to another fluid at lower
temperature. The efficiency can be determined if the temperatures at all flow openings are
known. In Flow Simulation the temperatures at the fluid inlets are specified and the
temperatures at the outlets can be easily determined. Heat exchanger efficiency is defined
asfollows:

actual heat transfer

maximum possible heat transfer

The actual heat transfer can be calculated as either the energy lost by the hot fluid or the
energy gained by the cold fluid. The maximum possible heat transfer is attained if one of
the fluids was to undergo a temperature change equal to the maximum temperature
difference present in the exchanger, which is the difference in the inlet temperatures of the

hot and cold fluids, respectively: (Tjnlet—Tinlety . Thus, the efficiency of a counterflow

cold

inlet _ Toutlet
hot Thot

inlet inlet
Thot _Tcold

heat exchanger is defined asfollows: e= - if hot fluid capacity rateisless

Toutlet_ inlet
cold cold

inlet inlet
Thot _Tcold

cold fluid capacity rate, where the capacity rate is the product of the mass flow and the

than cold fluid capacity rate or €= - if hot fluid capacity rate is more than

specific heat capacity: C=MC (Ref.2)
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Chapter 6 Heat Exchanger Efficiency

The goal of the project is to calculate the efficiency of the counterflow heat exchanger.
Also, wewill determinethe average temperature of the heat exchanger central tube’swall.

The obtained wall temperature value can be further used for structura and fatigue
analysis.

Open the Model

Click File, Open. In the Open dialog box, browse to the Heat Exchanger.SL DASM
assembly located in the Tutorial 3 - Heat Exchanger folder and click Open (or double-

click the assembly). Alternatively, you can drag and drop the Heat Exchanger.SLDASM
file to an empty area of SolidWorks window.

Cold water = 0.02 kg/s
l Tintet = 293.2 K

Warm water

!

Air

A

>
P

Hot air = 10 m/s

Steel

Tinlet =600 K

Creating a Project

1 Click Flow Simulation, Project, Wizard.

2 Select Create new. Inthe Configuration
name box typeLevel 3.The'Level 3
name was chosen because this problem
will be calculated using Result
Resolution level 3.

Click Next.
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By default, Flow Smulation will consider

Flow Simulation 2011 Tutorial

[wizard - Unit System

In the Units dialog box select the desired
system of units for both input and output
(results). For this project we will use the
International System SI by default.

Click Next.

[ wizard - Analysis Type

In the Analysis Type dialog box among
Physical features select Heat conduction
in solids.

heat conduction not in solids, but only
within the fluid and between the walls and
the fluid (i.e., convection). Selecting the
Heat conduction in solids option enables
the combination of convection and
conduction heat transfer, known as
conjugate heat transfer. In this project we will analyze heat transfer between the fluids
through the model walls, as well asinside the solids.

Click Next.

Since two fluids (water and air) are used
in this project, expand the Liquids folder
and add Water and then expand the
Gases folder and add Air to the Project
Fluids list. Check that the Default fluid
type isLiquids.

[wizard - D efault Fluid

<Back | [ New> | Cacel |  Hep

Click Next.

Since we have selected the Heat conduction in solids option at the Analysis Type
step of the Wizard, the Default Solid dialog box appears. In this dialog you specify the
default solid material applied to all solid components. To assign a different material to
a particular assembly component you need to create a Solid Material condition for this
component.
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Chapter 6 Heat Exchanger Efficiency

If the solid material you wish to specify as D
the default is not available in the Solids v
table, you can click New and define a new
substance in the Engineering Database.
The tube and its cooler in this project are
made of stainless stedl.

Expand the Alloys folder and click Steel
Stainless 321 to makeit the default solid
material.

Defoult sol [Steel Sailess 321 —
C||Ck Nex'[_ <Bock | [ New» Carcel | Hep

If a component has been previously assigned a solid material by the SolidWorks'
Materials Editor, you can import this material into Flow Smulation and apply this
solid material to the component in the Flow Smulation project by using the Insert
Material from Model option accessible under Flow Simulation, Tools.

7 Inthewall Condition dialog box, select
Heat transfer coefficient as Default outer
wall thermal condition.

This condition allows you to define the
heat transfer fromthe outer model wallsto
an external fluid (not modeled) by
specifying the reference fluid temperature
and the heat transfer coefficient value.

Set the Heat transfer coefficient value to 5 W/mZ/K.
In this project we do not consider walls roughness.
Click Next.

8 Inthelnitial Conditions dialog box under
Thermodynamics parameters enter
2 at min the Vvalue céll for the Pressure
parameter. Flow Simulation automatically
converts the entered value to the selected
system of units.

Click Next accepting the default values of
other parameters for initial conditions.

6-4



9 IntheResults and Geometry Resolution — TR
dialog box we accept the default result
resolution level 3 and the default minimum
gap size and minimum wall thickness.

fvanced narow charel efinement [ Optinizs thin wals resolution

CIICk FInISh <geck | B Coeel | b |

After finishing the wizard you will complete the project definition by using the Flow
Simulation Analysis tree. First of al you can take advantage of the symmetry of the heat
exchanger to reduce the CPU time and memory required for the calculation. Since this
model is symmetric, it ispossibleto “cut” the model in half and use a symmetry boundary
condition at the plane of symmetry. This procedure is not required, but is recommended
for efficient analyses.

Symmetry Condition

1 IntheFlow Simulation Anaysistree, expand the Input Data item.
2 Right-click the Computational Domain icon and select Edit Definition.

3 Under Size and Conditions select the Symmetry i#] |size and Conditions &
condition at the X max boundary and type O in the X 8 -
0 |
max &, edit-box x [0m = =
&

oiznzdm . = [m -
To resize the domain manually, select the X I =l I =l

Computational Domain itemin the Flow Smulation

analysistree, and in the graphics area click and drag =, 02402533 m =@ -]

the arrow handles at thg sides of t.he computati.onal (7, |-D.12D3599 — =] B

domain frame to the desired positions, then adjust the

exact coordinatesin the appearing callouts..

@, [L3zIm :II ]
&, [03122Tm j| =]
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4 ClickOK %

Specifying a Fluid Subdomain

6-6

Since we have selected Liquids asthe Default fluid type and Water as the Default fluid in
the Wizard, we need to specify another fluid type and select another fluid (air) for the fluid
region inside the tube through which the hot air flows. We can do this by creating a Fluid
Subdomain. When defining a Fluid Subdomain parameters we will specify Gas asthe
fluid type for the selected region, Air as the fluid and the initial temperature of 600 K and
flow velocity of 10 m/sasthe initial conditionsin the selected fluid region.

1 Click Flow Simulation, Insert, Fluid Subdomain.

2 Select the Flange 1 inner face (in contact with the fluid).
Immediately the fluid subdomain you are going to create is
displayed in the graphics area as a body of blue color.

To specify the fluid subdomain within a fluid region we must
specify this condition on the one of the faces lying on the
region’s boundary - i.e. on the boundary between solid and
fluid substances. The fluid subdomain specified on the
region’s boundary will be applied to the entire fluid region.
You may check if the region to apply a fluid subdomain is
selected properly by looking at the fluid subdomain
visualization in the graphics area.

*

3 Accept the default Coordinate System L5 and the Selection
Reference axis. Nl Fcc < -aFlange -1

.éix IGIDbaI Coordinate System

Reference axis: Ix vI



4 IntheFluid type list select Gases / Real Gases /
Steam. Because Air was defined in the Wizard as one
of the Project fluids and you have selected the
appropriate fluid type, it appears as the fluid assigned to
the fluid subdomain.

In the Fluids group box, Flow Smulation allows you to
specify the fluid type and/or fluids to be assigned for the
fluid subdomain as well as flow characteristics,
depending on the selected fluid type.

5 Under Flow Parameters in the Velocity in Z Direction

Vz box enter -10.

Flow Smulation allows you to specify initial flow
parameters, initial thermodynamic parameters, and
initial turbulence parameters (after a face to apply the
Fluid Subdomain is selected). These settings are applied
to the specified fluid subdomain.

6 Under Thermodynamic parameters in the Static

Pressure P box enter 1 at m Flow Simulation
automatically converts the entered value to the selected
system of units.

7 Under Thermodynamic parameters in the Temperature

T pox enter 600.

These initial conditions are not necessary and the
parameters of the hot air inlet flow are defined by the
boundary condition, but we specify them to improve
calculation convergence.

8 Clickok % . Thenew Fluid Subdomain 1 item
appearsin the Analysistree.

Flow Simulation 2011 Tutorial

ko

Fluids

Fluid type:

IGases | Real Gases | Steam j

Air [ @ases )

#Add Fluid. ..

b3

Flow Parameters

@&
N T —
O r—
Vaglore

Welocity in £ Direction

b3

Thermodynamic
Parameters

B Pe)(r)

P |1 atm
h K

BB BB

=) @)

b3

Thermodynamic

Parameters
P P-p e
]
P [101325Pa =

l} IEEIIZIK %

Temperature
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9 To easily identify the specified condition you can
give amore descriptive name for the Fluid
Subdomain 1 item. Right-click the Fluid
Subdomain 1 item and select Properties. In the
Name box type Hot Ai r and click OK.

You can also click-pause-click an item to rename it
directly in the Flow Smulation Analysis tree.

Specifying Boundary Conditions

Feature Properties

Mame:

E‘@ Input Data
[ @ Computational Domain
Fluid Subdomains

Edit Definitiat...
Suppress
Delete...

W 5olid Materisls
Eﬁ Boundary Cond
: ,"ﬁ Goals -
% Results i

Copy to Pruie! !

[7]%]

[Hat &if

6-8

1 Right-click the Boundary Conditions icon in the Flow Simulation Anaysis tree and
select Insert Boundary Condition. The Boundary Condition dialog box appears.

2 Select the water Inlet Lid
inner face (in contact with
the fluid).

The selected face appears
in the Faces to Apply the

Boundary Condition @
list.

3 Accept the default Inlet
Mass Flow condition and
the default Coordinate

W
System -;z"x and
Reference axis.

If you specify a new

Selection

@ [Face<z>@water Inlet Lid-2

7

R

_be |Face Coordinate System

Reference axis: Ix 'I

Type

B

R

Duklek Yolume Flow
Cutlet welocity

Inlet Mass Flow

0.0001 ka's

N7

\L________,__V

boundary condition, a callout showing the name of the condition and the default values

of the condition parameters appears in the graphics area. You can double-click the

callout to open the quick-edit dialog.

4 Click the Mass Flow Rate Normal to Face M box and
setitsvalueequal t0 0. 01 kg/ s. Since the symmetry

plane halves the opening, we need to specify a half of the

actual mass flow rate.

5 Click ok % . Thenew Inlet Mass Flow 1 item appears

inthe Analysistree.

Flow Parameters

&) (=)&)

b3

nh%plm kats :L Fo

e
%5{ Maszs Flow Rate Mormal to Faceh

™ Fully developed Flow



This boundary condition specifies that water enters the steel jacket of the heat exchanger

at amass flow rate of 0.02 kg/s and temperature of 293.2 K.

6 Renamethelnlet MassFlow 1itemtol nl et E|Eﬁ Boundam Condition:

Mass Flow - Cold Water.

Goals Edit D efinition...

. I’.‘E
% Fesults Suppress
ﬁ Mesh Delete...
' &p Cut Plats Hide

O D-Profie Plol ﬁ
.@ Suface Plot:| Copy to Projest;

Feature Properties [ 7]

Mame: Ilnlet Mass Flow - Cold W ater

Next, specify the water outlet Environment Pressur e condition.

7 Inthe Flow Simulation Analysistree, right-click
the Boundary Conditions icon and select Insert
Boundary Condition.

8 Select the Water Outlet Lid inner face (in contact
with the fluid). The selected face appearsin the

Faces to Apply the Boundary Condition @ list.

9 Click Pressure Openings |@| and in the Type of
Boundary Condition list select the Environment
Pressure item.

4=
10 Accept the value of Environment Pressure F“£+I=' (202650
Pa), taken from the value specified at the Initial
Conditions step of the Wizard, and the default values of

Temperature T (293.2 K) and all other parameters.

Flow Simulation 2011 Tutorial

Select Other
[ Face@[External Pipe <1

[ Face@[Wwater Cutlet Lid
%Water Outlet Lid<2 =
W Fa Qutlet Lid

Type ]

Ftezsure Openings

Environrent Fressure
Skatic Pressure
Tokal Pressure

b3

Thermodynamic
Parameters

R |2IZI255IZI Pa =) 1,
T |2E|3.2K :L Fe

6-9



Chapter 6 Heat Exchanger Efficiency

6-10

11 Click OK % . The new Environment Pressure 1 item appears in the Flow
Simulation Analysistree.

12 Rename the Environment Pressure 1 itemto E-Ff Boundary Conditions

Envi ronment Pressure — W\arm Water. R Inlet Mass Flov - Cold ' ater
'E'ﬂ Emviratiment Pressure - W arm WwWater

e Goals

Next we will specify the boundary conditions for the hot air flow.

13 In the Flow Simulation Andysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

14 Select the Air Inlet Lid inner face (in contact with
the fluid).

The selected face appearsin the Faces to Apply the

Boundary Condition @ list. Accept the default

w
Coordinate System -;z"x and Reference axis.
Select Other

15 Under Type select the Inlet Velocity condition. [ Face@{Flangs1 <1
n Face@[Air Inlet Lid

b3

Flow Parameters

16 Click the Velocity Normal to Face V' box and set ——
its value equal to 10 (type the value, the units will appear [Ell‘ﬁjll&l

automatically). v [1omrs )
Sy

17 Expand the Th ermodynam ic Parameters item. Thg Thesmodynanic =
default temperature valueis equal to thevalue specified as | Parameters

the initial temperature of air in the Fluid Subdomain ~p |—1u1325 Fa ]

dialog box. We accept this value. T W;C;

18 Click OK % . The new Inlet Velocity 1 item appearsin
the Analysistree.

This boundary condition specifiesthat air enters the tube at the velocity of 10 m/s and
temperature of 600 K.

19 Renamethe Inlet Velocity litemtolnl et Vel ocity — Hot Air.



Next specify the air outlet Environment Pressur e condition.

20 In the Flow Simulation Analysistree, right-click the Boundary Conditions icon and
select Insert Boundary Condition. The Boundary Condition dialog box appears.

21 Select the Air Outlet Lid inner face (in contact with the
fluid).

The selected face appearsin the Faces to Apply the

Boundary Condition @ list.

.

Select Other E R
[ Face@[Flangsz<1>] |

ir Cutlet Lid 4
@ Air Dutlet Lid<1>
n Face@[Air Outlet Lid

. . 6 . Type 4l
22 Click Pressure Openings |@| and in the Type of = -
Boundary Condition list select the Environment |E”'- ||
;
Pressure item. Ervviranrment Fr&ssurs

Skatic Pressure
Tokal Pressure

+=
23 Check the values of Environment Pressure Rf-*P (101325 | Thermodynamic Parametersz
i Ric =l
Pa) and Temperature ¥ (600 K). If they are different, | =P |1D1325 Pa =l

correct them. Accept the default values of other T |suu K. j
parameters.
Click ok % .

24 Rename the new item Environment Pressurel 5 Boundary Conditions
to Envi ronment Pressure — Air. . B Inlet Mass Flow - Cald Water
'Eﬁ Erreironment Presaure - \Warm W ater
E‘ﬂ Inlet Yelocity - Hat Air
'E‘ﬁ Errviranment Pressure - Air
I"-'a Goals

This project involving analysis of heat conduction in solids. Therefore, you must specify
the solid materia s for the model’s components and the initial solid temperature.
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Specifying Solid Materials

Noticethat the auxiliary lids on the openings are solid. Since the material for the lidsisthe
default stainless steel, they will have an influence on the heat transfer. You cannot
suppress or disable them in the Component Control dialog box, because boundary
conditions must be specified on solid surfaces in contact with the fluid region. However,
you can exclude the lids from the heat conduction analysis by specifying the lids as

insulators.
1 Right-click the Solid Materials -
. ) Selection ] 1. Origin
icon and select Insert Solid : : d
Material % Air Inlet Lid-1@Heat Exchs []—% [ Tubes1:
1al. Air Dutlet Lid-1i@Heat Exch -
Waker Inlst Lid-2@Haat Ex =% Euemal Pipect> >
2 Intheflyout FeatureManager Water Outlet Lid-2@Heat § 5B Flanget<t> »
design tree, sdlect all the lid F-® Flange2<t> >
. -y
components. Asyou select the lids, = = @
. . 5 I
their names appear in the = : IS
Components to Apply the Solid = '?‘Efeft'glid LY
5 Glasses and Minerals Al MateGroupt

Material B‘% list.
3 IntheSolid group box expand the

. . . [+ Non-izotropic
list of Pre-Defined materials and - Polyrers
select the Insulator solid in the - Semicanductors
Glasses & Minerals folder. - Alloys
4
4 Clickok %  Now dl auiliary ™ = |

lids are defined asinsulators.

The thermal conductivity of the Insulator substance is zero. Hence thereis no heat
transferred through an insulator.

5 Renamethelnsulator Solid Material 1itemtol nsul at or s.
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Specifying a Volume Goal

1 Inthe Flow Simulation Analysistree, right-click the Goals icon and select Insert
Volume Goals.

2 Inthe Flyout FeatureManager

. Selection A 1, Origin
Design tree select the Tube part. S
[]—@ Esternal Pipe<1s -»
3 IntheParameter table select the Av 5% Flangel <1 >
check box in the Temperature of Parameter A E];% nen
Solid row. Accept the selected Use Parameter [t [ae M [Bulk A Lse ] || -G ai Dutet Lt >
. Static Pressure (1 01 01 |0 - water Inket Lide2> >
for Conv. check box to use this goal TetalPressurs 0 |00 |0) BBy yaor Ol L2557
D P o oo g
for convergence control. Tt ot S T 1T 10 B Matefiroupt
Density Ood |d
4 Inthe Name template type Msss in Volume 5]
Yelocity O oo o
VG Av T Of Tube. % - Componentof ve (1 1 O[]
¥-Componentof ve (1 [ O [
w Z-Comporentof ¥e (1 1 O[]
i Turbulent Viscosity 1 1 O[]
S CI ICk OK . Turbulent Time O oo |a 1
Turbulent Length [ [ O [ 4
Turbulent Intensity (] [ [ [
Turbulent Energy O 1 O[]
Turbulent Dissipstion (][] [0 [
Temperature of Salid (] |
Melting Temperature (1 [ [
Mass Fraction of &r 1 [ [0 ]
Mass Fraction of wal (] [ [ ]
walume Fractionof & (][] 1 []
Wolume Fractionof W (1 [ [ []

»

Mame Template

|va fw T of Tube

@)

Running the Calculation

1 Click Flow Simulation, Solve, Run. The Run dialog box appears.
2 Click Run.

After the calculation finishes you can obtain the temperature of interest by creating the
corresponding Goal Plot.

Flow Simulation 2011 Tutorial 6-13



Chapter 6 Heat Exchanger Efficiency

Viewing the Goals

6-14

In addition to using the Flow Simulation Analysistree you can use Flow Simulation
Toolbars and SolidWorks CommandManager to get fast and easy access to the most
frequently used Flow Simulation features. Toolbars and Solidworks CommandM anager
are very convenient for displaying results.

Click View, Toolbars, Flow Simulation

F st g = | L3
Results. The Flow Simulation Results i m o |lvhkavaB e

toolbar appears.

Click View, Toolbars, Flow Simulation Results [ —
i iy . : £ 3
Features. The Flow Simulation Results ] ROOHE G WP 7

Features toolbar appears.

Click View, Toolbars, Flow Simulation Display. The

Flow Simulation Display toolbar appears. a g %ﬁ E

The SolidWorks CommandManager is a dynamically-updated, context-sensitive toolbar,
which allows you to save space for the graphics area and access all toolbar buttons from
one |location. The tabs below the CommandManager is used to select a specific group of
commands and features to make their toolbar buttons available in the CommandM anager.
To get access to the Flow Simulation commands and features, click the Flow Simulation
tab of the CommandM anager.

S Wizard %h [ fﬁ' & B o5 O » ?@ & 33 ‘lﬁ
D Dew [E SGetTraI [:I: SimFuIDaJ;J'... @ g LoaRdENTtI;)ad & é Sinﬁjg... 1] SimFuIDaJ;J'...
Clone Project @ L m‘ - = Ea - :'\.:, - @ % .

| Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation |

If you wish, you may hide the Flow Simulation toolbars to save the space for the graphics
area, since all necessary commands are available in the CommandManager. To hide a
toolbar, click its name again in the View, Toolbars menu.

1 Click Generate goal plot i# onthe Results Main toolbar or CommandManager. The
Goal Plot dialog box appears.

2 Select the goals of the project (actually, in our Goals
case there is only one goal) . B [WIVG Av T of Tube

»»

3 Click OK 4 . The Goalsl Excel workbook is
created.

FI.., IIterations j




You can view the average temperature of the tube on the Summary sheet.
heat exchanger.SLDASM [level 3]

[Goal Name [unit [value [Averaged Value [Minimum Value [Maximum Value[Progress [%] [Use In Convergence |
[VG Av T of Tube K1 | 343.2771368] 342.7244032] 341.792912| 343.2771368| 100[Yes

Iterations: 40
Analysis interval: 20

Creating a Cut Plot

1 Click Cut Plot & ontheFlow Simulation Results Features toolbar. The Cut Plot
dialog box appears.

2 Intheflyout FeatureManager design tree

o Planes Selection R
ect Plane3. —_—
R SN
3 Inthe Cut Plot dialog, in addition to R
.— LII_JJ Plane3
displaying Contours |_"| select Vectors
= B |Om |
i) =
Display ]
ril Contours
|@| Isolines
@| Vectors
|@| Mesh
4 Under Contours specify the parameter which Contours A
valuesto show at the contour plot. Inthe Parameter | B [renperatre =1 (€7
" =
= box, select Temperature. B 2= 31
5 Usi ng the slider set the Number of Levels to (2] 30 profie
maximum. —
6 Under Vectors click the Adjust Minimum and — =
Y 1 A N - 1
Maximum!£4) and change the Maximum E 5 Ivelocty ka3
i ¢ [0:004 m (=
velocity to 0. 004 1 s. E | S =&
£, ID e :II
7 Click ok % . Thecut plot is created but the o @@ 124
model overlapsit.Click the Right view on the Standard Views

toolbar.
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8 Click Geometry |8 on the Flow Simulation Display toolbar to hide the model.

600.0
576.4
552.8
529.2
505.6
482.0
4584
434.8
411.2
3876
364.0
340.4
3168
293.2

Temperature [K]

Cut Plot 1: contours

Let usnow display the flow development inside the exchanger.

Flow Simulation allows you to display resultsin al four possible panes of the SolidWorks
graphics area. Moreover, for each pane you can specify different View Settings.

9 Click window, Viewport, Two View - Horizontal.
10 To restore the view orientation in the top pane, click Right view on the

Standard Views toolbar. & & h@i

11 Click the bottom pane and select the Isometric view on the Standard
P o)

Views toolbar. J&q_

The gray contour around the pane border
indicates that the view isactive.

Y

Q

12 OntheFlow Simulation Display toolbar,
click Geometry |8, then on the View
toolbar click Hidden Lines

Visible | to show the face outlines. g CAP T

Click the top pane and set the same i 1AW
display mode for it by clicking Hidden

Lines Visible |7 again.

To see how the water flows inside the
exchanger we will display the Flow
Trajectories.

b

A

*lsemetric

Click the bottom pane to make it the active pane.
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Displaying Flow Trajectories

1 Click Flow Trajectories £ ontheFlow Simulation MlEdl b

. . =2 @ Input D ata
Results Features toolbar. The Flow Trajectories 7 . @ Bmpfettre] Demeto
d|a|0g appears_ : Fluid Subdamaing
; Hot Air
2 Click the Flow Simulation Analysistreetab and select E @ Solid Materials

thelnlet MassFlow — Cold Water item. ' Insulators
E| Eﬁ Boundary Conditions

{5 fll Inlet M ass Flow - Cold Water
Eﬁ Environment Pressure - YW arm
E‘,ﬁ Inlet Welocity - Hot Air

: P Environment Pressure - Air
el

4 | B
BT (3]

<& How Trajectories |
« ¥ 4=

This selects the inner face of the Water Inlet Lid to
place the trajectories start points on it.

Starting Points
B () ()

LL& Face <1 =@wWater Inlet Lid-2

b

[T 1nplane
B =
|¥E||D.D2m :II
. |g| Appearance A
3 Under Appearance, inthe Color by Parameter l=*= : F
list, select Velocity. o e
. ) o ) X [0 m =
4 Click the Adjust Minimum/Maximum and Number =l
|a| , ) (:| I'v'elouty J @|
of Levels | and set Maximum £ velocity to Sl T a—
mds |,4 |
0.004 m's. el
E 0 miz :II
5 ClickOK % _ Trajectories are created and Ex 55 =
displayed. ! ]
2.1 i
o &
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By default the trajectories are colored in accordance
with the distribution of the parameter specified in the

By | . . 40603

Color by Parameter 22 list. Since you specified ien:
velocity, the trajectory color correspondsto the S ee0s
velocity vaue. To define a fixed color for flow 22003
1.8e-03

. . . By . 1.58-03
trajectories click Color 2] and select adesired sae0e

6.2e-04

color. 2rend
o

Welocity [mis]

Notice that in the top pane the temperature Flow Trajectares 1
contours are still displayed.

Since we are more interested in the temperature distribution let us color the tragjectories
with the values of temperature.

1 Inthevelocity palette bar click the caption with the name of ' 4.08-03

the current visualization parameter and select Temperature 3ol

in adropdown list. | 316-03
| 2.8e-03
2 Click [, | mmediately the trajectories are updated. I iiiﬁi
| 1.8e-03
L 1.5e-03
L 1.2e-03
L 92e-04

f.2e-04
[ 31e-04
1]
Welocity '"?' xl El

Pressure

600.0
576.4
652.8
5282
604.6
4g2.0
458.4
4348
a11.2
3876
364.0
3404
368
2832

| I T

Yelocity
# - Companent of Yelocity
" - Companent of Yelocity
Z - Companent of Yelocity
\ Fluid Temperature

Flow Trajectories 1 Sy tach Mumber

Densit

Temperature [K]

The water temperature range isless than the default overall (Global) range (293 — 600), so
all of the trgjectories are the same blue color. To get more information about the
temperature distribution in water you can manually specify the range of interest.

Let usdisplay temperatures in the range of inlet-outlet water temperature.

The water minimum temperature value is close to 293 K. Let us obtain the values of air
and water temperatures at outlets using Surface Parameters. You will need these values to
calculate the heat exchanger efficiency and determine the appropriate temperature range
for flow trajectories visualization.

Sur face Par ameter sallows you to display parameter values (minimum, maxi mum,
average and integral) calculated over the specified surface. All parameters are divided
into two categories: Local and Integral. For local parameters (pressure, temperature,
vel ocity etc.) the maximum, minimum and aver age values are eval uated.
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Computation of Surface Parameters

1 Click Surface Parameters & onthe BE R =

Flow Simulation Results Features B Level
[L]@ Input Data

toolbar. The Surface Parameters dialog T
pUtalona amain
appears. El [gy Fluid Subdamains
2 Click the Flow Simulation Analysis tree i [y Hot i
tab and select the Environment Pressure - =3 @ Solid Materials
Warm Water item to select the inner face P @ Insulators

E| Eﬂ Boundary Conditions

P Eﬁ Inlet Mass Flow - Cold W ater

m Erwironment Preszure - Warm W ater
Eﬁ Inlet Welocity - Hat A

------- Eﬁ Environment Pressure - &ir

of the Water Outlet Lid.

_lﬁllt‘?a

= |

3 Select Consider entire model to take into

account the Symmetry condition to see the v X

values of parametersasif the entiremodel, | selection A
not a half of it, was calculated. Thisis @ [Faco<t >@water Outiet Lid-2
especially convenient for such parameters
as mass and volume flow.
W Consider entire model
4 Under Parameters, select All.
Parameters -
5 Click Show. The calculated parameters 2l =
values are displayed on the pane at the WIFressure
bottom of the screen. Local parameters are ”B'Ddt‘f -
. . | — i
displayed at the left side of the bottom pane, >< LIS 6 Holoeley
=Y . ¥ — Component of Velocity
while integral parameters are displayed at B2 — Companent of Velocity
the right side. [w|Fluid Temperature
[ 5alid Temperature
[WIrMelting Temperature Exceead
[WrMach Murmber hd|
}zftx | Global Coardinate System
6 Takealook at thelocal parameters.  ispareter [Miimom [Maxioum  |Averags |Bulk Average
Pressure [Pa] 202650 202650 202650 202650
Density [kafm~3] 990,994 997,357 995,695 995,534
Welocity [mfs] 0.000273491 0.00374312 0.00246493 0.00300314

# — Component of Yelocity [mfs]  -0.000169079 | 0.000170163  -2.53344e-005  -4.91866e-005
¥ = Component of Yelocity [mfs] 0000231458 | 0.00374815 0.00245914 0.00300585
2 - Component of Yelocity [mfs]  -0.000177123 | 0.00014593 1.36949e-005  4.30211e-005

Mach Nurnber [ ] i i i i
SurFace Heat Flux [Wm~2] -0 -0 0

Fluid Temperature [K] 294,008 314,304 300,357
Solid Temperature [K] 296,155 305,591 300.171 300,765
Melting Temperature Excesd [K]  -1386.99 -1377.56 -1353.09 -1382.39
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You can see that the average water temperature at the outlet is about 300 K.

Now let us determine the temperature of air at the outlet.

7 Click the Environment Pressure- Air item B level 3
to select the inner face of the Air Outlet

Lid.

= @ Input Data

@ Computational Domain
= Fluid 5 ubdomairs
Fluid S ubdorain 1

8 At the bottom pane, click Refresh *# .

9 Look at thelocal parameters at the
left side of the bottom pane.

You can see that the average air
temperature at the outlet is about 585 K.

10 The values of integral parameters are
displayed at the right side of the
bottom pane. You can see that the
mass flow rate of air is 0.046 kg/s.
Thisvalueis calculated with the

=T Solid Material:
% Imsuilators
—-Ff| Boundary Conditions

Eﬁ Inlet Mass Flow - Cold "Water

Eﬁ Environment Preszure - Warm Water
Eﬁ Inlet Welociy - Hot A

= B
— |$= Goals
o I

=B Resuls
Local Parameter Minimurn
Pressure [Pa] 101325
Density [kafm~3] 0.56522%
welocity [mjs] §.33569
% — Component of Velacity [mfs] | -0.170256
¥ — Component of Velocity [mfs] | -0.164565
Z - Companent of Velocity [mfs]  -10.1412
Mach Mumber [ ] 0.0181421
Surface Heat Flux [Wm~z] 0
Fluid Temperature [K] 578,939
Solid Temperature [K] 357.211
Melting Temperature Exceed (K] -1325.94
Integral Parameter Walue
Heat Transfer Rate [w] i
Mass Flow Rate [kafs]
Walume Flow Rate [m™3s] -0,076427
Suwrfacs Area [m"2] 00106466
Total Enthalpy Rate [wW] -27508.6
Uriformity Indes [ ] 1,95363
CAD Fluid Area [m~2] 0.00787803

ironment

WiE Ay T of Tube

Mazximum
101325
0.667233
10,1413
0.164865
0.169146
-G.33412
0.0208413
-0
599,951
361,034
-1322.12

%-component

-0.000216526

Awerage Bulk Average
101325 101325
0604367 0602515
972103 97892
00389458 | -0.0381724
000122779 0.00110737
-9.7206 -9,76851
00202105 0.0202842

0

565,315
359,134 359,125
-1324.02 -1324.02

V-component | Z-compenent

-9.24096e-006  0.0100263

Consider entire model option selected, i.e. taking into account the Symmetry

condition.

11 Click ok % to close the dialog box.



Calculating the Heat Exchanger Efficiency

The heat exchanger efficiency can be easily calculated, but first we must determine the

fluid with the minimum capacity rate (C=nc ). In this example the water mass flow rate
is0.02 kg/s and the air mass flow rate is 0.046 kg/s. The specific heat of water at the
temperature of 300 K isabout five times greater than that of air at the temperature of

585 K. Thus, the air capacity rate isless than the water capacity rate. Therefore,
according to Ref.2, the heat exchanger efficiency is calculated as follows:

_ Thle Ty
Thoet —Tag
where Tinlet isthe temperature of the air at theinlet, Toull®t isthe temperature of the

air at theoutlet and TN isthe temperature of the water at the inlet.

We already know the air temperature at the inlet (600 K) and the water temperature at the
inlet (293.2 K), so using the obtained values of water and air temperatures at outlets, we
can calculate the heat exchanger efficiency:

_ T -Tey'™ _ 600584

= - = = 0.052
Tinlet _Tinet 600 —293.2
Specifying the Parameter Display Range

1 Inthetemperature pal ette bar c!ick the maximum b B0000 PIOE AR

value and type 300 K in an edit box a78.40

5280.20

2 Click %] Immediately the trgjectories are updated. P

#2480

411.20

387 .60
364.00
340.40
3680
29320

Temperature [K]

Flow Trajectaries 1
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Temperature [K] [283.2; 600]

300
' 299.32
L 20864
- 20796
. 207.28
206 6
| 29592
L 20524
204 56
29388

2932
Temperature [K]

Temperature [K]

Wector Plot Velocity [mis]

Asyou can see, Flow Simulation is a powerful tool for heat-exchanger design
calculations.

Ref. 2 J.P. Holman. “Heat Transfer” Eighth edition.
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Mesh Optimization

The goal of thistutorial exampleis to demonstrate various meshing capabilities of Flow
Simulation allowing you to better adjust the computational mesh to the problem at hand.
Although the automatically generated mesh isusually appropriate, intricate problemswith
thin and/or small, but important, geometrical and physical features can result in extremely
high number of cells, for which the computer memory istoo small. In such cases we
recommend that you try the Flow Simulation options allowing you to manually adjust the
computational mesh to the solved problem's features to resolve them better. This tutoria
teaches you how to do this.

The Ejector in Exhaust Hood example aims to:

« Settlethe large aspect ratio between the minimum gap size and the model size by
adjusting the initial mesh manually.

« Resolve small features by specifying local mesh settings.
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Problem Statement

The gector model is shown on the picture. Note that the gjector orifice's diameter is more
than 1000 times smaller than the characteristic model size determined as the
computational domain’s overall dimension.

Exhaust 7
LA
Opening

Baffles / ’ /

Ejector \

Ejected chlorine orifice

A
e

—
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SolidWorks Model Configuration

Copy the Tutorial 4 — Mesh Optimization folder into your working directory and ensure
that the files are not read-only since Flow Simulation will save input data to these files.
Open the Ejector in Exhaust Hood.SLDASM assembly.

Project Definition

Using the Wizard create a new project as follows:

Project Configuration Use current

Unit system USA

Analysistype Internal; Exclude cavities without flow conditions

Physical features Gravity; Default gravity (Y component:
-32.1850394 ft/s"2)

Fluids substances Air, Chlorine

Wall Conditions Adiabatic wall, default smooth walls

Initial Conditions Initial gas concentration: Air — 1, Chlorine - 0

Result and Geometry Resolution | Default result resolution level 3;
Default geometry resolution: automatic minimum
gap size and minimum wall thickness, other
options by default

3 When you enabl e gravitation, pay attention that the hydrostatic pressure is calcul ated
with respect to the global coordinate system, as foll ows:
Phydrostatic = 29" X + 9y*y+ 9;°2), where p —reference density, g; - component of the
gravitational acceleration vector and X, y, z - coordinates in the global coordinate
system.
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Conditions

7-4

At first, let us specify all the necessary boundary conditions because they influence the
automatic initial mesh through the automatic minimum gap size, which depends on the
characteristic size of the faces on which the boundary conditions are set.

Flow Smulation cal culates the default minimum gap size using information about the
faces where boundary conditions (as well as sources, fans) and goals are specified.
Thus, it is recommended to set all conditions before you start to analyze the mesh.

The first two boundary conditions are imposed on the exhaust hood's inlet and outlet.

Inlet Environment Pressure:

Boundary | Default values (14.6959 Ibf/in?, gas
Condition | substance— Air) of the Environment
pressure and Temperature (68.09 °F)
at the box's Lid for Face Opening;

Outlet Outlet Volume Flow:

Boundary | Qutlet volume flow rate of
Condition | 1000 ft3/min at the box's Exhaust Lid.

If you open the Initial Mesh dialog box (click Flow Simulation, Initial Mesh) and select
the M anual specification of the minimum gap size option, you can see that the current
automatic minimum gap sizeis 0.5 ft, which isthe width of the outlet opening (if you have
opened the I nitial M esh dialog box, click Cancel to discard changes).



The next inlet volume flow rate condition defines the gas gjected from the bottom of the
Ejector component.

Inlet Inlet Volume Flow:

Boundary | Inlet chlorine (Substance

Condition | concentrations: Chlorine—1; Air —0)
volume flow rate of 0.14 ft3/min at the
lid that closes the orifice (make sure
that you have selected the upper face
of thelid).

If you now look at the automatic minimum gap size value (click Flow Simulation, Initial
Mesh, Manual specification of the minimum gap size), you can seethat it isclose to the
orifice diameter - 0.0044528 ft.

0 The Minimum gap size is a parameter governing the computational mesh, so that a
certain number of cells per the specified gap should be generated. To satisfy this
condition the corresponding parameter s governing the mesh are set by Flow
Smulation (number of basic mesh cells, small solid features refinement level, narrow
channel resolution, etc.). Note that these parameters are applied to the whole
computational domain, resolving all its features of the same geometric characteristics
(not only to a specific gap).

Since the minimum gap size value influences the mesh in the entire computational
domain, the large aspect ratio between the model and the minimum gap size val ue will
produce a non-optimal mesh: not only will all small gaps be resolved, but there will aso
be many small cellsin places where they are not necessary. As aresult, an extremely large
mesh will be produced, which may result in overly large computer memory requirements
exceeding the computers' available resources. Moreover, if the aspect ratio between the
model and the minimum gap size is more than 1000, Flow Simulation may not adequately
resolve such models with the automatically generated mesh anyway.

Finally, let us create the gjector’s porous media and apply it to the gjector’stop and side
screens.

The materia you are going to create is already defined in the Engineering Database under
the Pre-Defined folder. You can skip the definition of the porous material, then when
creating the porous condition, select the pre-defined " Screen Material" from the
Engineering database.
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Porous Screen material:
M edl a POI’OSI ty 05, ltems  ltem Properties
eab i . Property [Walue
Per m . I l Ity type M ame Screen material
| sotropic, Comment
Porosity 1k}
Depmdency on Permeahbility type |sotropic
Vd 0C| ty Resistance calculation formula Dependency on velocity
4 & 0.07 kg/m4
A= 007 kg/m ) B 26008 kg/fem™3)
f x
B = 3e-008 kg/(s*nP). R, 50 Desnn
[#-fae] Lights and Cameras
v S FRONT
Componentsto apply: Selection al| | ease
2 CENTERLINE
Top Screen 1, Digin
. -8y (1 Boxc
reen ’ ,
S de &: ¥ Disabls solid components = Eiector<1> [Ejsctar, first ...
EH§| Mates in Ejectar in Ex..
Porous Medium ] BH{A] Annctations
7 Fre Defined []—\é} Diesign Binder
i e lsobiopic \::\ FRONT
2 Bese
ridrectional —x CENTERLINE
User Defined —L Origin
[}% [f) Ejector Baze<1s
D—% [] Ejector tube< 1>
-8 [ Soreen Base<ls
D—% [] Top Ring<1>
[
Screen Material = []—Qs
: b 5% sutct>
I 5 s

To see advantages of the local mesh and refinement options better, now let ustry to
generate the computational mesh governed by the automatic mesh settings. The resulting
mesh consists of more than 1100000 cells, and cannot be processed by old computers due

to the computer memory restriction (you may get awarning message about insufficient
memory)

7-6




Manual Specification of the Minimum Gap Size

We can distinguish two very different parts of the model: arelatively big cavity having
several thin walls within and no small solid features, and the gjector’s region containing
some very fine geometrical features. Therefore, the mesh required to properly resolve the
ejector and the mesh appropriate for the rest of the model should be also very different.
Since the gjector region is a part of the entire computational domain, we need to specify
such settings for the automatic mesh generation that the model’s geometry outside the
ejector’sregion will be resolved without excessive mesh splitting.

The minimum gap size value, automatically defined from the dimensions of the gjector’s
Top Screen and Side Screen components, istoo small and resultsin excessive mesh
splitting.

To define an appropriate minimum gap size we need to examine all narrow flow passages
outside the ejector’s region:

¢ Boundary conditions;

¢ The passages connecting the gjector’s internal volume with the model’s cavity;

* The narrow flow passages between the baffles.

After reviewing the model we can accept the width of
the gap between the middle and upper baffles as the
minimum gap size. To avoid excessive mesh splitting,
we will specify the same value for the minimum wall
thickness.

1 Click Flow Simulation, Initial Mesh.

2 Usethe dider to set the Level of the initial mesh to
5.

3 Select the Manual specification of the minimum
gap size checkbox and enter 0. 067 ft inthe
Minimum gap size box.

4 Select the Manual specification of the minimum
wall thickness checkbox and enter 0. 067 ft in
the Minimum wall thickness box.

‘ 0.067 ft

¥ Manu

r 2

feso | P Automatic settings I~ Show basic mest h
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5 Click OK.

To see the resulting mesh:

1 Click Flow Simulation, Solve, Run

2 Clear the Solve check box in order to generate the
mesh only.

3 Click Run.

After the mesh generation finishes you can obtain the

resulting mesh by creating a Cut Plot based on the
CENTERLINE with the Mesh option selected.

[=1x]
Fiun
¥ st ™| Tiake previous results |_|
Cle
" 5o st ] | ]
Help

Flesults prosessing after firishing the: caloulation

Balch Resulls.




The resulting mesh has significantly less cells than the mesh generated automatically with
the default values of Minimum gap size and Minimum wall thickness. Thetotal number
of cellsislessthan 200 000.

it 2t

Hf
U
.ll_

Tu—*—«-.._lllll

_\_‘I_‘_
|

—TH

ECCT

Flow Simulation 2011 Tutorial 7-9



Chapter 7 Mesh Optimization

Switching off the Automatic Mesh Definition

We have successfully reduced the number of cells, yet using the mesh of the higher level.
The higher level mesh provides better refinement in the regions with small geometrical
features. However, we actually do not need such a fine mesh in some regions where the
flow field changes slowly. We can further decrease the number of cells by switching off
the automatic definition of the mesh generation settings and adjusting these settings
manually. The decreased number of cellswill provide us a computer memory reserve
needed to better resolve fine geometrical features of the gjector.

Click Flow Simulation, Project, Rebuild.

1 Click Flow Simulation, Initial Mesh. Switch off the automatic mesh settings by
clearing the Automatic settings check box. The Initial Mesh dialog box controls the
basic mesh and the initial mesh within the entire computational domain unless local
initial mesh settings are specified.

0 The mesh is named I nitial since it isthe mesh the calculation starts fromand it could
be further refined during the calculation if the solution-adaptive meshing is enabled.
Theinitial mesh is constructed from the Basic mesh by refining the basic mesh cellsin
accordance with the specified mesh settings. The Basic mesh is formed by dividing the
computational domain into slices by parallel planes which are orthogonal to the
Global Coordinate System’s axes.

Thelnitial Mesh’s parameters are currently set by Flow Simulation in accordance with the
previously specified automatic mesh settings, including Minimum gap size and Minimum
wall thickness.

2 GototheNarrow channel tab and set
i ssic Mesh | Solid/Fluid Interface | Fiefining Cells - Marraw Channels
the Narrlow channels refinement level Basehech | SolFLidiner :f e |
to 1. This alows usto reduce the | e
number of cellsin the channels R , el E=
between the baffles and the wall of the ) N ar——
B OX. I Enable the minimum height of nariow channels
The mirimum height of nao channels: 3 ﬂ

0 TheNarrow channelsrefinement level T

specifiesthe smallest sizeof thecellsin - werme g

model’s flow passages with respect to
the basic mesh cells. S0if N=0...7is
the specified Narrow channels

refinement level, the minimum size of
the cells obtained due to the mesh refinement is 2\ times smaller (in each direction of

the Global Coordinate System, or 8\ times by volume) than the basic mesh cell’s size.

Feset I™ Automatic seltings ™ Show basic mes} h

To see the resulting mesh create the mesh again (without the following calculation).
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The resulting mesh is shown below. It has about 75 000 cells.

sszaaazias

+
He==LL [ ]

| |
| |
| geena
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Using the Local Initial Mesh Option

7-12

The gjector’s geometry is resolved reasonably well. However, if you generate the mesh
and zoom in to the gector’s orifice region, you will see that the gasinlet faceis till
unresolved. The resolution of the boundary condition surface is very important for
correctly imposing the boundary condition. To resolve the gasinlet face properly we will
usethe Local Initial M esh option.

Thelocal initial mesh option allows you to specify an initiadd mesh in alocal region of the
computational domain to better resolve the model geometry and/or flow peculiaritiesin
this region. The local region can be defined by acomponent of the assembly, disabled in
the Component Control dialog box, or specified by selecting aface, edge or vertex of the
model. Local mesh settings are applied to all cellsintersected by a component, face, edge,
or acell enclosing the selected vertex.

1 Click Flow Simulation, Insert, Local Initial Mesh.

2 Select theinlet face of the gjector’s orifice or click the
Inlet Volume Flow 1 boundary condition in the Flow
Simulation Analysis tree to select the face on which
this boundary condition is applied.

3 Clear theAutomatic settings check box

. . . nggim| Solid/Flid Interface  Refining Cells | Mamow Channels
and switch to the Refining cells tab. S |
4 Select the Refine all cells checkbox and i smgacas — —'
usetheslider to set the Level of refining  roscis
H H Lewel of refiring fuid cels J—
all cells to its maximum value of 7. il Yo o000 o
5 CIICk OK " :v:j”::::lpj:\ cells J @ o o o0 o o o
I™ | Rifire solid cells
To see the resulting mesh create the mesh
again (without the following calculation). [Rpre——




Now we have specified to refine al cells at the gjector’s orifice inlet face up to the
maximum level. The locally refined mesh is shown below.

Specifying Control Planes

The basic mesh in many respects governs the generated computational mesh. The proper
basic mesh is necessary for the most optimal mesh.

You can control the basic mesh in several ways:
¢ Change number of the basic mesh cells along the X, Y, Z-axes.
 Shift or insert basic mesh planes.

e Stretch or contract the basic mesh cells locally by changing the relative distance
between the basic mesh planes.

The local mesh settings do not influence the basic mesh but are basic mesh sensitive:
all refinement levels are set with respect to the basic mesh cell.

You may notice that the mesh resolving the gjector’s orifice inlet face is not symmetric. It
can has a negative effect on the specified boundary condition. We will add a control plane
to shift the boundary between cells so that it will pass through the center of the inlet face.

1 Inthelnitial Mesh diaog box, go to the Basic Mesh tab.
2 Click Add Plane. The Create Control Planes dialog box

appears.
3 IntheCreating mode list select Reference geometry.

4 Under Parallel to select XY. Q
5 Zoom into the ejector’s orifice area and select edge of the “

inlet face in the graphics area. The control plane will pass

through the middle of the edge parallel to the Global

Coordinate System plane selected in the Parallel to group.

Please check that the value of offset along the Z axis,

appeared in the Control planes list, is equal to 0.703125 ft. If not, it means that you
have mistakenly selected another geometry feature. In this case, right-click on the

Flow Simulation 2011 Tutorial 7-13



Chapter 7 Mesh Optimization

7-14

Control planes list and select Delete All, then try to select the edge of the inlet face
again.

6 Click OK. The Z2 control plane appearsin the Control intervals table.

You can visualize the basic mesh before solving the problem. To see the basic mesh,

click Show basic mesh in the I nitial Mesh dialog box or click Flow Simulation,
Project, Show Basic Mesh.

7 Click OK to save changes and close the Initial Mesh dialog box.

Then, generate the initial mesh to check whether the thin walls and the other geometry are
resolved.

1 Click Flow Simulation, Solve, Run. Fun GE

2 Clear the Solve check box in order to generate the
mesh only.

I

Help

Clear the Load results check box.
Click Run.

= )
se 5
Resuls processing after finshing the caloulation

{l‘ Load resuls Balch Resuls.

Prior to visualizing the initial computational mesh, let us switch the Flow Simulation
option to use the meshed geometry instead of the SW model's geometry to visualize the
results.

By default, Flow Simulation shows the SolidWorks model’s geometry when displaying
the results. Depending on how exactly the model has been resolved with the
computational mesh, the SolidWorks model’s geometry may differ from the geometry
used in the calculation. To display the rea captured geometry the Use CAD geometry
option isreserved.

5 Click Tools, Options, then click Third Party. Third Pany Options HE
Flow Simulation Options |

6 OntheFlow Simulation Options tab, under
General Options, select the Display mesh
check box.

7 Under View Options clear the Use CAD
geometry (Default) check box.

8 Click OK.

[Wale =

Englsh

Default

CADOCUME~T%p0
d

s I

Next load the file with the initial computational
mesh: right-click the Results icon and select Load C o | coe | bk |

Results, then select the 1.cpt file and click Open.
Note that the total number of cellsis about 75 000.



The calculation results, including the current
computational mesh, are saved in the .fld files,
whereas the initial computational mesh is
saved separately in the .cpt files. Both of the
files are saved in the project folder, whose -
numerical name is formed by Flow Smulation
and must not be changed.

Create acut plot based on the CENTERLINE with the Mesh option selected. Create a
second cut plot based on the gjector’s orifice inlet face with the Offset of -0.00025 ft
relative to the selected face and the same settings as the first cut plot.

Now you can see that the generated mesh is symmetrical relative to the center of the inlet
face.

Creating a Second Local Initial Mesh

With the specified mesh settings the € ector’s geometry will be resolved properly. But we
need to create the mesh successfully resolving not only fine geometrical features, but the
small flow peculiarities as well. In the Ejector Analysis project such peculiarities can be
found within the internal volume of the gjector, where the thin stream of chlorineis
injected from the gjector’s orifice. Therefore the mesh within the gjector’s region must be
split additionally. To refine the mesh only in thisregion and avoid excessive splitting of
the mesh cellsin other parts of the model, we apply alocal initial mesh at the component
surrounding this region. The component was created specially to specify the local initial
mesh.

Set to resolved the L ocalM esh2 component. Click Close after Flow Simulation shows
you awarning message. Note that this component was created so that there isa small
distance between the boundaries of the component and the solid feature of interest (i.e.,
the gjector). Because the local settings are applied only to the cells whose centerslie
within the selected model component, it is recommended to have the component's
boundaries offset from the solid component's walls.
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After resolving the L ocalM esh2 component an error message appears informing you that
theinlet volume flow condition is not in contact with the fluid region. The problem
disappears after disabling the component in the Component Control dialog box to treat it
asafluid region.

Click Flow Simulation, Component Control and disable the
L ocalM esh2 component. Click OK.

3
Enchle
EjectorcTy
{Dissble

Rebuild the project by clicking Flow Simulation, Project,
Rebuild.

Enable Al

Disable Al

_Diaied |

[ You can also disable components directly fromthe Local %‘

Initial Mesh dialog box by selecting the Disable solid
components option on the Region tab.

Next specify the local mesh settings for the gjector’sregion.
1 Select the LocalM esh2 component.

Fiegion | SolidfFlid Intettace | Refiring Cells Nanow Channels |

2 Click Flow Simulation, Insert, Local I
In |t|a| MeSh . Charlatisti number of ool acioss anarow chanet[15 i‘ E;::‘ !
3 Clear the Automatic settings check box = e — U

and switch to the Narrow Channels tab.

I™ Engbls the minimum height of narrow channels

The i height of nariow chanms i j’

4 Specify the Characteristic number of
cells across a narrow channel equal to e

15 The madmum Heicht cf ez charmels o7t 4

urm height of narrow channels

5 Usethe dlider to set the Narrow
channels refinement level to 3.

6 Click OK.

I~ Automatic seltings

] The settings on the Narrow Channels tab controls the mesh refinement in the model’s
flow passages. Characteristic number of cellsacrossa narrow channel box specify
the number of initial mesh cells (including partial cells) that Flow Simulation will try
to set across the model’s flow passagesin the direction normal to solid/fluid interface.
If possible, the number of cells across narrow channelswill be equal to the specified
characteristic number, otherwise it will be close to the characteristic number. If this
condition is not satisfied, the cellslying in this direction will be split to satisfy the
condition.

Rebuild the project. Create the mesh again (without the following calculation) and load
the 1.cpt file.

Click Flow Simulation, Results, Display, Geometry to hide the model.
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Finally, let us compare how the final mesh resolves the solid geometry and the fluid region
within the ejector with only about 100 000 cellsin contrast with 1 100 000 cells generated

by the automatic mesh settings.
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8

Application of EFD Zooming

Problem Statement

The Flow Simulation PE capability of EFD Zooming is demonstrated as an engineering
tutorial® example of selecting a better heat sink shape for amain chip taking into account
other electronic components in an electronic enclosure.

The assembly model of the el ectronic enclosure including the main chip’s heat sink under
consideration is shown in picture. The fan installed at the enclosure inlet blows air
through the enclosure to the outlet slots with the goal of cooling the heated electronic
elements (having heat sourcesinside). The planar main chip is attached to a motherboard
made of an insulator. To cool the main chip better, its opposite plane surface is covered by
aheat sink cooled by the air stream from the fan.

1.This example can be runin Flow Simulation PE only.
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Heat Sink PCB

Inlet Fan Small Chips

Main Chip
Capacitors

Power Supply

Mother Board
Electronic
enclosure

The problem’s engineering aim isto determine the temperature of the main chip when
using one of two heat sink designs. All other conditions within the enclosure will be
invariable. Asaresult, we will find out the difference in cooling capability between these
two competing shapes.

No.2

The heat sink’s competing shapes (No.1 and No.2)

Asyou can see, all components within the electronic enclosure except the main chip’s heat
sink are specified as coarse shapes without small details, since they do not influence the
main chip’s temperature which isthe aim of the analysis (the enclosure model was
preliminary simplified to this level on purpose). On the contrary, the heat sink of each
shape is featured by multiple thin (thickness of 0.1 in) fins with narrow (gaps of 0.1 in)
channels between them.



Two Ways of Solving the Problem with Flow Simulation

Flow Simulation alows usto simplify the solution of this problem. Two possible
techniques are listed below.

In the first and more direct way, we compute the entire flow inside the whole electronic
enclosure for each heat sink shape with using the Local Initial Mesh option for
constructing a fine computational mesh in the heat sink’s narrow channels and thin fins.
Naturally, the Heat conduction in solids option isenabled in these computations.

In the other, two-stage way (EFD Zooming using the Transferred Boundary Condition
option), we solve the same problem in the following two stages:

1 computing the entire flow inside the whole el ectronic enclosure at alow result
resolution level without resolving the heat sink’s fine features (so, the parall el epiped
envelope is specified instead of the heat sink’s comb shape) and disabling the Heat
conduction in solids option;

2 computing the flow over the real comb-shaped heat sink in a smaller computational
domain surrounding the main chip, using the Transferred Boundary Condition option
to take the first stage’s computation results as boundary conditions, specifying afine
computational mesh in the heat sink’s narrow channels and thin fins to resolve them,
and enabling the Heat conduction in solids option.

The first stage’s computation is performed once and then used for the second stage’s
computations performed for each of the heat sink’s shapes.

The EFD Zooming Approach

L et us begin from the second (EFD Zooming) approach employing the Transferred
Boundary Condition option. Then, to validate the results obtained with this approach, we
will solve the problem in the first way by employing the Local Initial Mesh option.
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First Stage of EFD Zooming

In accordance with the 1% stage of EFD Zooming aimed at computing the entire flow
inside the electronic enclosure, it is not necessary to resolve the flow’s small features, i.e.
streams between the heat sink’s fins, at this stage. Therefore, we suppress the heat sink’s
comb shape feature in the assembly model, obtaining the parall el epiped envelope instead.

A parallelepiped heat sink is used at the 15! stage of EFD Zooming.

The model simplification at this stage allows us to compute the el ectronic enclosure’s flow
by employing the automatic initial mesh settings with alower level of initial mesh (we use
4) and accepting the automatic settings for the minimum gap size and the minimum wall
thickness. Moreover, at this stage it isalso not necessary to compute heat conduction in
solids, since we do not compute the main chip temperature at this stage. Instead, we
specify surface heat sources of the same (5W) heat transfer rates at the main chip and heat
sink (parallel epiped) faces and at the small chips' faces (they are heated also in this
example) to simulate heating of the air flow by the electronic enclosure. Thisis not
obligatory, but removing the heat conduction in solids at this stage saves computer
resources. As aresult, the computer resources (memory and CPU time) required at this
stage are substantially reduced.

Project for the First Stage of EFD Zooming

8-4

SolidWorks Model Configuration

Click File, Open. In the Open dialog box, browse to the Enclosure Assembly.SL DASM
assembly located in the Tutorial PE1 - EFD Zooming folder and click Open (or
double-click the assembly). Alternatively, you can drag and drop the

Enclosure Assembly.SL DASM file to an empty area of SolidWorks window. Make sure
that the Zoom — Global - L4 configuration is the active one. Note that heat sink
(HeatSink.SLDPRT) isthe parallel epiped obtained by suppressing the heat sink’s cuts.



Project Definition

Using the Wizard create a new project asfollows:

Project name Use current: Zoom—Global - L4
Unit system USA
Analysistype Internal; Exclude cavities without flow conditions

Physical features

No physical features are selected

Fluid

Air

Wall Conditions

Adiabatic wall, Default smooth walls

Initial Conditions

Default conditions

Result and Geometry Resolution

Result resolution level set to 4, other optionsare
default

For this project we use the automatic initial mesh and the default computational domain.

Note that Level of initial mesh is set

to 4 in accordance with the Result
resolution level specified in the

Wizard. The Result Resolution
defines two parametersin the

created project, namely, theLevel of = | ru

initial mesh and the Results

Automatic Setings |

1 2 3 4 5 8 7 8 _ Conedl |
—— . e |

tion of the minimum gap size

refers bo the festire divension

resolution level. The Level of initial
mesh is accessible from the I nitial
Mesh dialog box and governsthe
initial mesh only. The Results
resolution level is accessible from
the Calculation Control Options
dialog box and governs the

imum wall thickness

o e feature dimension

™ Advanced nanew channel refinement

IV Ogtimize thin walls resalution

Heset ¥ Automatie setlings

™ Show basic mes h

refinement of computational mesh during cal culation and the calculation finishing

conditions. The Geometry Resolution options, which also influence the initial mesh,
can be changed in the I nitial Mesh box, and/or their effects can be corrected in the
I nitial Mesh and Local Initial Mesh dialog boxes.

Flow Simulation 2011 Tutorial
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Unit System

After passing the Wizard, first we will adjust the system of units. The new custom system
of unitsis based on the selected USA pre-defined system, but uses Watts for power, and

inches for length.
1 Click Flow Simulation, Units.

2 Specify Inch for the Length and Watt for the
Total Heat flow & power.

3 Click Save.

4 Inthe Save to Database dialog box, expand the
Units group and select the User Defined item.

5 Name the new system of units El ectroni cs.
6 Click OK toreturn to the Unit System dialog box.
7 Click OK.

Conditions

tttttttttt

UsA
Unit Decimals in esults display 151 urit equak s

Biin2 123456
s 123

w 12
B2 1234
B 1234

123
A/ 1234

=

We specify External Inlet Fan at the inlet, Environment Pressure at three outlets. For more
detailed explanation of how to set these conditions please refer to the First Steps -

Conjugate Heat Transfer tutorial.

Inlet External Inlet Fan:
Boundary | Pre-Defined \Fan Curves\
Condition PAPST\ DC-Axial\ Series

400\ 405\ 405 with default
settings (ambient pressure
of 14.6959 Ibf/in?,
temperature of 68.09 °F)
set at theInlet Lid;




Outlet
Boundary
Condition

Environment Pressure:
Default thermodynamic
parameters (ambient
pressure of 14.6959 Ibf/in?,
temperature of 68.09 °F)
for the Environment

pressure at the Outlet Lids.

« R

Selection

) [Face<i>@0utiet Lid2
Face<1=@0utlet Lid-1
Face<1=@0utlet Lid-3

(@)
_g»x Global Coordinate Syztem
Reference axis: Ix vl

Type R

(&)@

»

Environment Pressure
Skatic Pressure
Tokal Pressure

Thermodynamic Parameters 2

RS [145553473 \win“zj £

; =
T |62.09°F =i Fe

14.6959473 |bflin*2

Heat Sources

As mentioned earlier in this chapter, to simulate the flow heating by the electronic
enclosure, we specify surface heat sources of the same (5W) heat transfer rates at the main
chip and the heat sink (parallel epiped) faces and at the small chips' faces. Since we do not
consider heat conduction in solidsin this project, the surface source can be applied only to
facesin contact with fluid. Follow the steps below to create the sources on the necessary

faces:

1 Click Flow Simulation, Insert, Surface Source.

In the Flyout FeatureManager Design Tree, select the

Heat Sink and Main Chip components. Flow Simulation
automatically selects all faces of the Heat Sink and Main
Chip components. Faces that are not in contact with fluid
must be removed from the Faces to Apply the Surface

Source [TJ list.

Click Filter Faces | ¥ |. Select Keep outer and

Filter Faces

|| Rermove out of domain Faces

&

|@| Remove auter faces

|@| Remove Fluid-contacting Faces
Iji Keep ouker and
fluid-contacting Faces

fluid-contacting faces, and click Filter.It is convenient to
select all faces of the component by selecting this component in the Flyout
FeatureManager Design Tree, though finding and removing unnecessary faces from
the selection manually (one by one) may require excessive time, especially when there
are many facesto remove. The Filter allows you to remove unnecessary faces of

specified type from the list of selected faces.

Flow Simulation 2011 Tutorial
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2 Under Parameter, set the Heat Generation Rate @ to

T
< Surface Source

5W. @ X
The specified heat source value (Heat Transfer Rate) is | selection ~
distributed among the selected faces in proportion to @ [Face<iz@Heatsink-1  «
their areas. Face <2 =@Heat Sink-1 j
Face <3 =@Heat Sink-1

Face <4 =@Heat Sink-1
. (e | | Face <5 =@Heat Sink-1
3 ClickOK % . |7 hd

Fare <7 =@Main Chin-1

_be |G|Dba| Coordinate Systemn

Reference axis: Ix vl

Parameter

DY
=)=

*

Following the same procedure, create a surface
source of 5 W on the fluid-contacting surfaces of

smadll chips.
Parameter &
@
= =]
N —
Goals

Specify the surface goals of mass flow rate at the inlet and outl et.

E|Fa Goals
- ﬁ 5G Mass Flow Ratel
e ﬁ SG Mass Flow Rate2

Run the calculation. After the calculation is finished you can start the second stage of EFD
Zooming to focus on the main chip.

Save the model.
Second Stage of EFD Zooming

At the 2™ stage of EFD Zooming aimed at determining the main chip’s temperature, we
compute the flow over the heat sink in a smaller computational domain surrounding the
main chip, using the Transferred Boundary Condition option to take the first stage’s

8-8



computation results as boundary conditions. To compute the solids temperature, we enable
the Heat conduction in solids option. Since at this stage the computational domain is
reduced substantially, a fine computational mesh with an affordable number of cells can
be constructed in the heat sink’s narrow channels and thin fins, even when considering
heat conduction in solids during computation.

Project for the Second Stage of EFD Zooming

SolidWorks Model Configuration

Activate the Zoom - SinkNo1l - L4 configuration. Note that heat sink’s cuts are resolved

now.

Project Definition

Using the Wizard create a new project asfollows:

Project name Use current: Zoom- SnkNol - L4
Unit system Electronics
Analysistype Internal

Physical features

Heat conduction in solids is enabled

Fluid Air
Default solid MetalAluminum
Wall Condition Default condition (Adiabatic); Default smooth

walls (0 microinches)

Initial Conditions

Default initial conditions (in particular, the initial
solid temperature is 68.09 F)

Result and Geometry Resolution

Result resolution | assssiies

level set to 4; I S
Minimum gap | |
Si €= 01 in’ ’NL_”‘”M“W‘*D ‘ fication of the miimum gap size
automa“ C I~ M refers to the feature dimension
minimum wall . 4
thickness;
other options are
default.

I El

I~ Adyanced narrow channel iefinement [ Optirize thin wal resolution

Here, we use the automatic initial mesh by specifying the Result resolution level (Level
of initial mesh) of 4, but in contrast to the first stage’s computation, we specify manually
the minimum gap size of 0.1 in to resolve the fine features of heat sink.

Flow Simulation 2011 Tutorial
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Next, we will reduce the computational domain to focus on the main chip, i.e. perform
EFD Zooming.

Computational Domain

When reducing the computational domain for EFD Zooming purposes, it is necessary to
take into account that the first stage’s computation results will serve as the boundary
conditions at this domain’s boundaries. Therefore, to obtain reliable results in the second
stage's computations, we have to specify computational domain boundaries (as planes
parallel to the X-, Y-, Z-planes of the Global Coordinate system) satisfying the following
conditions:

1

the flow and solid parameters at these boundaries, taken from thefirst stage's
computation, must be as uniform as possible;

the boundaries must not lie too close to the object of interest, since the object’sfeatures
were not resolved at the first stage’'s computation. The computational domain must be
large enough not to receive influence from more complex features of the newly added
object;

the boundary conditionstransferred to or specified at the boundaries must be consi stent
with the problem’s statements (e.g., if in the problem under consideration the mother
board is made of a heat-conducting material, then it isincorrect to cut the mother board
with computational domain boundaries, since thiswill yield an incorrect heat flux from
the chip through the mother board).

In this project we specify the following computational domain boundaries satisfying the
above-mentioned requirements. Click Flow Simulation, Computational Domain to adjust
the computationa domain size as follows:

* Xpmin=-2.95in (entirely lies inside the el ectronic enclosure side wall made of
aluminum, this material does not influence the main chip’s temperature since it is
insulated from the chip by the heat-insul ating mother board and the air flow, its
boundary condition is automatically specified as the 68.09 °F temperature specified
astheinitial condition for all solids),

* Xmax = 0.7 in (the boundary conditionsin the fluid region of this boundary are
transferred from the first stage’s computation results, the same boundary conditions
asat Xpin = -2.95 in are automatically specified at this boundary’s upper solid part
lying in the electronic enclosure's aluminum wall, and the same boundary
conditionsas at Z i, = -1 in are automatically specified at the lower solid part lying
in the mother board),

* Ypin=-1in, Y na = 4in(the boundary conditions at these boundaries are specified
in the same manner as at Xy = 0.7 in, aswell as at the boundaries' side parts also
lying in the auminum wall),

* Zmyin=-1.1in (entirely liesinside the mother board specified as a heat insulator,
therefore the adiabatic wall boundary condition is automatically specified at this
boundary),



* Znax = 1.21in (entirely liesinside the electronic enclosure’s a uminum upper wall,
therefore the same boundary condition, as at Xmin =-2.95 in, are automatically
specified at this boundary).

The reduced computational domain.

Conditions

First, we specify Transferred Boundary Conditions.

1 CI|Ck Flow Simulation, Insert, Step 1 - Selecting Boundaties HE
Transferred Boundary Condition. ST e e b o
2 Addthe Xmax, Ymax and Ymin
Com pu tational Domain boundaries to Computational damain boundaries:  Boundaries to appl the transferred boundary condition:
. B 2 man
theBoundaries to apply the transferred B =

boundary condition list. To add a
boundary, select it and click Add, or
double-click a boundary.

Click Next. et ([T 1| [ || [T

At Step 2, C“ck Browse to %lect the [ 5{tep 2- Selecting Results to Transfer
Fl ow S| mu| an on proj ect Whose re&]“s Select FIoEFD.Pta project of results (") fle t apply the transferred bsundary candition.
will be used as boundary conditions for

the current Zoom — SinkNo1 - L4 project.

& FloEFD.Pro project

You can select a calculated project of any

 Resuts fle (" id)

currently open model, or browse for the Selcted FLEFD Pro et e (el
results (ﬂ d) f| | e IENELDELIF\E_AEEEMBLYASM@ZDDM_GLDEAL_U Browse:

< Back News | Cancd |
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5 IntheBrowse for Project dialog select the Zoom — Global - L4 configuration and

click OK.
6 Click Next.

7 At Step 3, accept Ambient asthe Boundary condition type.

The Ambient boundary condition consists
of Spec|fy| ng (by taki ng results of a Select type of the iansferied boundary candition

previous calculation) flow parameters at
the boundary's section lying in the fluid,
so they will act during the calculation in
nearly the same manner as ambient
conditionsin an external analysis. If Heat
Conduction in Solids is enabled, then the

Boundary condition type:

Tmpuise:
Velocity

Static pressure
Total pressure

solid temperature is specified at this

< Back

I Finish I Cancel Help

boundary's section lying in the solid (by
taking results of a previous calculation).

The heat flux at this boundary, which will be obtained as part of the problem solution,

can be non-zero.
8 Click Finish.

Specify the other conditions as follows:

Heat Sources

Volume Source of 5W heat

generation rate in the main chip. @ %

Selection

¥

% MMain Chip- LZEnclosure As

}zf’x IGIDbaI Coordinate System

Reference axis: Ix vl

Parameter
OF| 18T

Q [@w Sl

3

]—% MotherBoards1x -»
7 pCe<ts

Wy PrE<2

]—% Capacitars 13 -+

]—% Capacitors 2> -»

]—% Capacitars 3 -+

]—% Power Supply<1: -»
) Heat Sink<1> > [Res..
%

8 Small Chipe1s -
8 Small Chip<2s -
8 Small Chipeds -
Y Small Chipcds -
8 Small Chip<ss -
8y Small Chip<ks -
8 Small Chip<Ts -
Y Small Chipcds -

R N e s



Solid Materials

a) Main Chip is made of silicon

(Pre-Defined/Semiconductors); B () Enclosurect >

[2

D—% MotherBoard<1s -»
E]—% PCB<1> -»
% PCE< »
[]—% Capacitor<1 -»
E]—% Capacitors 2 -»
[]—% Capacitor< 3 -»
E]—% Power Supply<1s >
" Heat Sink<1> -» [Res..
-y

- Small Chipe1s -
[

[

[2

[

[2

[

[2

E

[2

Solid 3
- 5
b ?-Efef:;id 8 Small Chipe2>
Glagzes and Minerals ]_% Small Chip< 3> -»
Morvisotropic 3—% Srall Chipe 4y >
- Palymers % Small Chip<s>
E| Semiconductors ]—% Srnall Chip<Bs >
e - icon | % Small Chip<?>
Y Small Chipe8s
78 Inlet Lick 1> ->
| =% Outet Lidet> >
ISiIicon j _N\?:'j [-] Farn Houzing= 1= [D...

. % () Screwe 1> [Defaul)
% () Screnc (Defa

b) M otherBoard and Enclosure are
made of insulator (Pre-Defined/Glasses & Mineras);

Solid Material
W R

b

Selection

% Enclosure- i@Enclosure Ass:

MokherBoard- L@Enclosure

Solid

b

S| F'lre-Defined
[+ Metals
- Glasses and Minerals

Moreizotiopic
Polyrners
Semiconductors
[+ Allops

IInsuIator j
Create/Edit...

c) al other parts (e.g. the heat sink) are made of aluminum.
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Goals

Specify the Volume Goals of maximum and average B Gods

temperatures of the main chip and the hest sink.

Ru

M WG Mavimum T of Main Chip
: l"% WG Average T of Main Chip
By WG Masimum T of Heat Sink

n the calculation.

The obtained computational results are presented in tables and pictures below. These
results were obtained with the heat sink’s shape N.1.

If you look at the computational mesh you can see that it has two cellsfor each of the heat
sink’s channels, and two cellsfor each of the sink’sfins.

The mesh cut plot obtained for the heat sink No.1 at Y=-0.3in.

In fact, the Minimum gap size and Minimum wall thickness influence the same
parameter, namely, the characteristic cell size. By default, Flow Smulation generates
the basic mesh in order to have a minimum of two cells per the specified Minimum gap
size. The number of cells per the Minimum gap si ze depends non-linearly on the L evel
of initial mesh and cannot be less than two. In turn, the Minimum wall thickness
condition induces Flow Simulation to create the basic mesh having two cells (two cells
are enough to resolve a wall) per the specified Minimum wall thickness (regardless of
the specified initial mesh level). That's why, if the Minimum wall thicknessis equal to
or greater than the Minimum gap size, then the former does not influence the resulting
mesh at all.

Changing the Heat Sink

8-14

Let usnow see how employing the heat sink’s shape No. 2 changes the computational
results. To do this, we change the heat sink configuration to the No.2 version, whereas all

the

EFD Zooming Flow Simulation project settings of 2" stage are retained. Thereisno

need to perform the EFD Zooming computation of 1% stage again, aswe may useiits
resultsin this project too.

The easiest way to create the same Flow Simulation project for the new model
configuration isto clone the existing project to this configuration.



Clone Project to the Existing Configuration

1 Click Flow Simulation, Project, Clone Clone Project HE
PrOJeCt' " Create new

2 CI|Ck Add to existing. % Add to existing

3 IntheExisting configuration list select Zoom

- SinkNo2 - L4. |

Click OK. After clicking OK, two warning
messages appear asking you to reset the
computational domain and to rebuild the [ oK | concs Help
computational mesh. Select No to ignore the
resizing of computational domain, and Yes to
rebuild the mesh.

A The gecmety of the model or project settings have been changed. Do pou want ta reset the computational domain?
_d ]

) Flow Simulation has detected that the model was modified. Do you want to reset mesh settings?
EAY

Exizsting configuration:

Naote: Pressing "ves'" is highly recommended but you have to start the computation from the beginning. Press "No' if you are sure that the geometry was not changed. Continuation of the

calwation with the modified peomety wil produce wiona resuls:
-

After cloning the project you can start the cal culation immediately.

The obtained results are presented in tables and pictures below. It is seen that due to the
new shape of the heat sink the main chip’s temperature is reduced by about 15 °F. That is
caused by both the increased area of the heat sink’sribs and streamlining the flow in the
heat sink’s narrow channels between theribs (in heat sink No.1 about half of the channel is
occupied by a counterflow vortex).
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The Local Initial Mesh Approach

To validate the results obtained with the EFD Zooming approach, let us now solve the
same problems employing the Loca Initial Mesh option. To employ this option, we add a
parallelepiped surrounding the main chip to the model assembly and then disable it in the
Component Control dialog box. Thisvolume represents afluid region in which we can
specify computational mesh settings differing from those in the other computational
domain, using the Local Initial Mesh option.

The electronic enclosure configuration with the additional part for applying the Local Initial Mesh o)

Flow Simulation Project for the Local Initial Mesh Approach (Sink No1)

8-16

To create the project we clone the Zoom — SinkNo1 - L 4 to the existing L ocalM esh —
SinkNol - N2 configuration, but in contrast to the previous cloning we reset the
computational domain to the default size so the computational domain encloses the entire
model.

Activate Zoom — SinkNol - L4 configuration.

Open the Clone Project dialog, click Add to Clone Project HE
existing and, in the Existing configuration list £ Croato ram

select the LocalM esh — SinkNol - N2 asthe P

configuration to which Flow Simulation will attach - o0

the cloned project. [£oam -Sinkiot - L& 1)

After clicking OK, confirm with Yes both the plna oo

appearing messages.

™ Copy results

QK I Cancel Help




Conditions

First remove the inherited transferred boundary E| m Transterred Boundary Conditions

condition. Right-click the Transferred - ned Bourday Copdition
Boundary Condition1 iteminthe tree and select t}‘ Heat Sources 2R DGR
Delete ﬁ) 5 Heat Generatior SUPPIess

) |'£||"¢"= Goals

By VG Maimum T of by 2N

Next, copy the boundary conditionsfrom the Zoom — Global - L 4 configuration using the
Copy Featuretool.

1 ActivateZoom —Global - L4 configuration.

2 C||Ck Flow Simulation, TOOIS, COpy Features. The _mm

Copy Features dialog box ears.
py g app! @ X

3 SwitchtotheFlow Simulation analysis tree tab, hold
down the Ctrl key and in the Flow Simulation Analysis | Pefinition
tree select Environment Pressure 1 and External Inlet | 298t projects:
Fan 1 items. These features appear in the Features to I Zoom - Sinkhol - L4

b3

copy list. ¥ LocalMesh — Sinkhal - N2}
4 Select LocalMesh — SinkNo1 - N2 asthe Target I™ zoom - Global - L4
Project. [ Zoom - Sinkhoz - L4
g-;? Features to copy:
5 Click Ok . Enwironment Pressure 1

External Inlek Fan 1

Rerove

6 Activate LocalM esh — SinkNol - N2 configuration.

Heat Sources

To the already existing volume lume So
source of the 5W specified in the @ X
main chip, add the total 5W heat

generation ratein the small chips. Selection A

% Small Chip- 4@Enclosure_|
small Chip-S@Enclosure
small Chip-6@Enclosure
small Chip-7@Enclosure
Small Chip-S@Endosur

]—% Fower Supply<1: -»
8 Heat Sink<1s -» (Res..
Y Wain Chip<1>

,yox IGIobaI Coordinate System
Ref i5: - .
sference axis: [x ] 8y Inlet Lide 1> -»
Ty Outlet Lide1s >

Parameter A —% [ Fan Housing<1> (D1

(_H(I ||T@| —\QJ [-] Screw< Ty [Default]

= —% [ Serew<2s [Defaul)
Q IEW ] F _\QJ Screw e [Default]

|—||—||—||—||—||—|?|—||—||—||—||—||—|
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Chapter 8 Application of EFD Zooming

8-18

Solid Materials

The following materia definitions were inherited from the previous project so you do not
need to create them again, but you need to edit the Silicon Solid Material 1to include
small chips and to edit Insulator Solid Material 1toincludeinlet and outlet lids:

a) the Main Chip and small chips are made of silicon;

b) the Mother Boar d, the Enclosure, the Inlet Lid and the Outlet Lids are made of
insulator;

c) PCB1 and PCB2 are made of user defined Tutorial PCB material, which is added to
the Engineering Database in the First Steps - Conjugate Heat Transfer tutoria example.

d) all other parts are made of the default aluminum.

Goals

K eep the cloned volume goals of maximum and average temperatures of the main chip
and the heat sink.

Level of Initial Mesh

Click Flow Simulation, Initial Mesh to adjust the automatic initial mesh settings.

Set the Level of initial mesh to 3. Since heat Resel (1]
conduction in solids is enabled, setting the L evel of ~Risettyp
initial mesh to 4 together with the local mesh settings o Memsto

will produce large number of cells resulting in longer vt o

CPU time. To decrease the cal culation time for this U . . . 9
tutorial example we decrease the Level of initial mesh
to 3. Notethat the Result resolution level isstill equal

L~

Cancel | Help |

to 4 asit was specified in the Wizard. To seethe value
of the result resolution level, click Flow Simulation, Calculation Control Options, and
then click Reset. To close the Reset dialog box, click Cancel.

Click Flow Simulation, Project, Rebuild.



Specifying Local Initial Mesh Settings
To apply thelocal mesh setting to a

H Region | Solid/Flid Interface | Refining Cels | Narrow Channels |
regl On We new a Com ponent . LComponents/facesfedges/verices to apply the local initial mesh:
representing this region to be disabled
in the Component Control dialog box. e |

1 Click Flow Simulation, Insert,
Local Initial Mesh.

2 Inthe FeatureManager Design Tree,
select the L ocalM esh component.

W Disable solid companents

I~ Automatic settings

3 Click the Disable solid
components check box.

face | Refining CelsNarow Channels |

4 Clear the Automatic settings check box. S ‘ | e ]
b }
5 Go totheNarrow Channels tab and set the e
Characteristic number of cells across a . C—
narrow channel = 2 and Narrow channels vt e e crchsreh
refinement level = 4. |
6 Click OK.

(D The Narrow Channelstermis conventional
and used for the definition of the model’s flow passages in the normal-to-solid/
fluid-interface direction. The procedure of refinement is applied to each flow passage
within the computational domain unless you specify for Flow Smulation to ignore the
passages of a specified height with the Enable the minimum height of narrow
channels and Enable the maximum height of narrow channels options. The
Characteristic number of cellsacrossa narrow channe (let us denote it as Nc) and
Narrow channelsrefinement level (let us denote it asL) both influence the mesh in
narrow channelsin the following way: the basic mesh in narrow channels will be split
to have the specified Nc number per a channel, if the resulting cells satisfy the
specified L. In other words, whatever the specified Nc¢, a narrow channel’s cells cannot
be smaller in 8- (2" in each direction of the Global Coordinate System) times than the

basic mesh cell. Thisis necessary to avoid the undesir able mesh splitting in superfine
channels that may cause increasing the number of cellsto an excessive value.

In our case, to ensure the 2 cells across a channel criterion, we increased the Narrow
channels refinement level to 4.
We perform these settings for both of the heat sinks under consideration.
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Chapter 8 Application of EFD Zooming

Flow Simulation Project for the Local Initial Mesh Approach (Sink No2)

Clonethe active L ocalM esh — SinkNol - N2 to the
existing L ocalM esh — SinkNo2 - N2 configuration. .

While cloning confirm the message to rebuild the @ B
mesh.

Canfiguration mame:

ILocaIMesh - SinkMal - M2 (1]

Exizsting configuration:

Using the Batch Run calculate both projects.

™ Copy results

QK I Cancel Help

Results

The computational results obtained for both of the heat sinks are presented below in
comparison with the results obtained with the EFD Zooming approach. It is seen that
computations with the local mesh settings yield practically the same results as the EFD
Zooming approach, therefore validating it.

The computed maximum and average main chip and heat sink temperatures when
employing the different heat sinks.

Heat sink No.1 Heat sink No.2
Zoom - LocalMesh - |Zoom - L ocalM esh -
SinkN ol - SinkNol - SinkN o2 - SinkN o2 -
Parameter L4 N2 L4 N 2
tmax, °F 111.1 114.1 96.4 99.4
M ain chip|tayer, °F 110.8 113.8 96.1 99.2
tmax, °F 111 114.1 96.3 99.4
Heat sink [tayer, °F 110.6 113.7 95.9 99
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EFD Zooming Local Mesh

Temperature [°F] Temperature [F]

The temperature cut plots obtained for heat sink No.1 at Y=2.19 in (Top plane) with the EFD Zooming (left) and
Local Mesh (right) approaches.

BB

The temperature cut plots obtained for heat sink No.1 at Z=-0.32 in (Front plane) with the EFD Zooming (left) ant
Local Mesh (right) approaches.

EE

The temperature cut plots obtained for heat sink No.1 at X=-1.53 in (Right plane) with the EFD Zooming (left)
and Local Mesh (right) approaches.
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Chapter 8 Application of EFD Zooming

mperature ['Fl| Ternperature [*F]

The temperature cut plots obtained for heat sink No.2 at Y=2.19 in (Top plane) with the EFD Zooming (left) and
Local Mesh (right) approaches.

N

The temperature cut plots obtained for heat sink No.2 at Z=-0.32 in (Front plane) with the EFD Zooming (left)
and Local Mesh (right) approaches.

The temperature cut plots obtained for heat sink No.2 at X=-1.53 in (Right plane) with the EFD Zooming (left) ai
Local Mesh (right) approaches.
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9

Textile Machine

Problem Statement

The simplified textile machine used by thistutorial is described asaclosed hollow cylinder
having acylindrical stator with anarrow inlet tube. A thin-walled conerotatesat avery high
speed. Theair flowsover therotating cone beforeleaving through the outl et pipe. Dueto the
shear stress, therotating coneswirlstheair. The swirling air motion orientsthefibers, for the
correct formation of yarn.

In this exampl el ahollow cylinder with the following dimensions were used: 32 mm inner
diameter and 20 mm inner height. Air isinjected into an inlet tube of 1 mm diameter a a
mass flow rate of 0.0002026 kg/s. The cone thicknessis 1 mm and the cone's edge is
spaced at 3 mm from the bottom of the main cylinder. The cone rotates at a speed of
130000 RPM. The static pressure of 96325 Pais specified at the cylinder's outlet tube exit.

Flow Simulation analyzes the air flow without any fiber particles. The influence of the
fiber particles on the air flow was assumed to be negligible. Small polystyrene particles
were injected into the air stream using the results processing Flow Trajectory feature to
study the air flows influence on the fibers. A 40 m/s tangential velocity of air is specified
as an initial condition to speed up convergence and reduce the total CPU time needed to
solve the problem.

1.This example can be runin Flow Simulation PE only.
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Chapter 9 Textile Machine

Outlet
P =96325 Pa

Housing

Rotating wall

> w= 130000 RPM

Inlet mass flow rate of
0.0002026 kg/s

Stator

SolidWorks Model Configuration

Copy the Tutorial Advanced 2 - Rotating Wallsfolder into your working directory and
ensure that the files are not read-only since Flow Simulation will save input data to these
files. Open the Textile Machine.SLDASM assembly.



Project Definition

Using the Wizar d create a new project as follows:

Project name Create new: 130000rpm

Unit system 3; select mm (Millimeter) for Length and RPM
(Rotations Per Minute) for Angular Velocity
under Loads& Motion

Analysistype Internal;
Exclude cavities without flow conditions

Physical features No physical features are selected

Fluid Air

Wall Conditions Adiabatic wall, default smooth walls

Initial Conditions Default conditions

Result and Geometry Resolution Result resolution level set to 4;
Minimumgap size= 1 mm automatic minimum
wall thickness, other options are default

Boundary Conditions

Specify the inlet and outlet boundary conditions as follows:

Inlet
Boundary
Condition

Inlet Mass Flow = 0.0002026:
Inlet mass flow rate of
0.0002026 kg/s normal to the
inlet face of the Sator; To do
this, you may need to hide the
Initial Velocity 1 and Initial
Velocity 2 components.

-
=
-
—
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Chapter 9 Textile Machine

Outlet Outlet Static Pressure =
Boundary | 96325 Pa:
Condition | Satic pressure of 96325 Pa at

the outlet face of the Housing
(the other parameters are
default).

.]I "ll\-lréf'

Specifying Rotating Walls

9-4

The influence of parts and components rotation on the flow can be simulated in Flow
Simulation in two ways. With the Rotating Region feature you can assign arotating
reference frame to a selected fluid region. This alows to simulate the rotation of
components of complex geometry, such as fans, pump whedls, impellers, etc. In this
tutorial we consider rotation of a component with arelatively simple geometry. All
surfaces of the textile machine rotor are surfaces of revolution such as cones or cylinders.
For this kind of rotating geometry the M oving Wall boundary condition is better suited
and usually provides more accurate results.

1 IntheFlow Simulation Andysistree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

2 Select Wall ==/,
then Real Wall.

3 IntheFlyout
FeatureM anager
Design Tree select
the Rotor
component. All the
rotor’'s faces are
selected. However,
the top faceis out of
the computational
domain and must be
excluded.

= Boundary Condition 7

¥ R’

Selection A

@ Face<1>@Rator-1 -~
Face=2>@Rotor-1 1
Face<3>@Ratar-1
Face<4>@Ratar-1

‘| | Face<5>@Rator-1
|E| FarmAs@RAfor-1 hd

L [Global Coordinate System
Reference adsi [

@] Sensars

l-o Origin




4 Click Filter Faces | |. Select Remove out of domain

faces , and click Filter.

Select Wall Motion.
6 SelectY astherotation Axis.

7 Specify the Angular Velocity £# of 130000 RPM.

8 Click OK % and rename the new Real Wall 1 item to
Rotating Wall = 130 000 rpm

Initial Conditions - Swirl

Filter Faces
@l Remove out of domain Faces

|E| | Remowe outer Faces
|@| Remove fluid-contacting Faces

|@| Keep ouker and Fuid-contactin
— ' faces

¥ wall Motion &
. IGIDbaI Coordinate System

Direckion: le.- vl
£ |u s =] (g,
&5 [130000RPM =

To speed up the convergence, a 40 m/s tangential velocity of air is specified as an initial
condition within the housing. The Initial Velocity 1 and I nitial Velocity 2 auxiliary

components are used to define a fluid domain.

1 Click Flow Simulation, Insert, Initial Condition.

Initial Velocity 1and I nitial Velocity 2 components.

3 Select the Disable solid components option. Flow
Simulation will treat these components as a fluid

region.
4 SelectY inthe Reference axis list.

5 Under Flow Parameters, select the Dependency

for the Velocity in X direction by clicking the [#
button. The Dependency dialog box appears.

6 IntheDependency type list, select Formula

Selection "

2 IntheFlyout FeatureManager Design Tree select the |

Initial Velocity 1-1@Textile Machir
itial ' i Iachi

Flow Parameters
@@
Ve [oms 2k

}zftx | Global Conrdinate System

Reference axis: Ix 'I

¥ Disable solid components

b3

Definition. Vy [omis =]
v s 2[A

Flow Simulation 2011 Tutorial
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Chapter 9 Textile Machine

7 IntheFormula box, type the formuladefining the velocity
in X direction: 40* cos( phi). ﬁi’fﬁﬂfﬁﬁﬁi E
Here phi isthe polar angle ¢ defined as shown on the e
picture below. [¥2rcadeh

Backspace Clear
+

7 g [ | sin S T

4|1 65|6 B ] | cos y phi

.) 1123 7] tan theta
' X 1] E /| exp| log

T ] raneel Help

z
8 Click OK. You will return to the Initial Condition PropertyManager.

9 Click Dependency to theright of the Fy— HE
Velocity in Z direction box and Specify Dependency type:
formulafor the Z component of velocity: [Formula Definition =]
-40*si n(phi). Fomula:

10 Click OK. |-40sin(phi

11 Under Thermodynamic Parameters, change S -
the Pressure P t099800 Pa @'Hﬁl

12 Click OK V” . Vy IDependenc_l,J Fe

13 Click-pause-click the new Initial Conditionlitemand | Vy [om/s ~ [

renameittovel = 40 ms.
v, IDependency Fe

Thermodynamic
Parameters

BT pp|[Tp]

P IEIEIBDF'a (=] (4,
-

T [233.2K o

e

bl

Specifying Goals

Since the rotating cone swirlsthe air, it make sense to specify the air velocity asagoal to
ensure the calcul ation stops when the velocity is converged. In addition, let us specify the
static pressure surface goal at the inlet and the mass flow rate surface goal at the outlet as
additional criteriafor converging the calculation.
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Specify the following project goals:

GOAL TYPE GOAL VALUE FACE/COMPONENT

Global Goa Average Velocity

Surface Goal Mass Flow Rate Outlet face(click the outlet static
pressure boundary condition item to
select the outlet face)

Surface Goal Average Static Pressure Inlet face(click the inlet mass flow rate
boundary condition item to select the
inlet face)

Volume Goal Average Velocity Initial Velocity 1
(select the component in the Flyout
FeatureM anager Design Tree)

Volume Goal Average Velocity Initial Velocity 2

(select the component in the Flyout

FeatureM anager Design Tree)

Calculate the project.

Results - Smooth Walls

The calculated flow velocity field and velocity Y-component field at Z = 0 (XY section)
are shown in the pictures below. It can be seen that the maximum flow velocity occurs
near the inlet tube and near the rotating cone's inner surface at the cone's edge.

Velocity in the XY section at Z = 0.

70
63
56
43
42
35
28
il
14
7

i}
welocity [mis]

Flow velocity

Flow Simulation 2011 Tutorial

=

O = oW e O ®mowomom =

¥ — Component of Velocity [ris]

Y-component of flow velocity
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Chapter 9 Textile Machine

It isinteresting that the vertical (i.e. alongthe Y axis) velocity in the region close to the
rotating cone's internal and external surfacesis directed to the cylinder bottom. Also, this
velocity component is nearly zero in the gap between the rotating cone and the bottom of
the cylinder, and positive (i.e. directed to the top) in the vicinity of the cylinder's side
walls. Asaresult, small particles carried by the air into the region between the lower edge
of the rotating cone and the bottom of the cylinder cannot leave this region due to the
small vertical velocity there. On the other hand, larger particles entering this region may
bounce from the cylinder’s bottom wall (in this example theideal, i.e. full reflection is
considered) and fly back to the region of high vertical velocity. Then they are carried by
the air along the cylinder's side walls to the cylinder's top wall where they remainin this
region's vortex.

Displaying Particles Trajectories and Flow Streamlines

1 IntheFlow Simulation Anaysistree, right-click the Flow Trajectories icon and select

Insert.
2 Click the Flow Simulation Analysis tree tab and Starting Points -
then click the inlet boundary condition icon F7 () (|
(Inlet Mass Flow = 0.0002026) to select the inlet e
face from which the particles are injected. I s

3 Set the Number of Points |;+#| to 10.

4 Under Appearance, set the Draw Trajectories As

*a% toLines with Arrows and change Color by I 1n Plane
— ma| [0 =l
Parameters [, | to Velocity. @' | =l
. %) [T ron j
5 Under Constraints. select the Forward | = |
direction and increase the Maximum Length = A."peara"ce A
of trajectoriesto 15 m G ines i frrous M
X ID.3 i :|I
JThe Maximum length option limits the length of _ =
the trajectory to the specified value. Weincrease | [5] [velocty M{E]
this value to show better the flow vorticity. |g| | B
& 0 =
5 ,
Constraints R
=] (=] [«]
|
| |1EDDD mm —|
- -
dy [FE00s —

V¥ Use CAD geometry
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6 ClickoKk to display flow streamlines.

7 To specify the parameter display range click
the maximum vaue in the vel ocity palette bar
andtype70 m's inan edit box.

To display particlestrgjectories, we need to specify initial particle properties (temperature,
velocity and diameter), particle's material and the wall condition (absorption or

reflection).

1 Inthe Analysistree, right-click the Particle Studies icon and select Wizard.

&

2 Keep the default name for the Particle Study and click Next =

3 Click theinlet boundary conditionicon (Inlet
M ass Flow = 0.0002026) in the tree to select the
inlet face from which the particles are injected.

4 Setthe Number of Points |(+#|t0 5.

5 Under the Particle Properties, set the Diameter
@ equal to 0. 005 nmand change the Material

s to the Solids and in the list select the
Polystyrene (Materials, Solids, Pre-Defined,
Polymers).

EJWe leave unchanged the default zero values of
relative velocity and temperature, which means
that the velocity and temperature of particles are
equal to those of the incoming flow. We also leave
the default value of mass flow rate, sinceit is used
only to estimate mass rates of erosion or
accumulation, which we are not going to take into
account.

6 Click Next @

Flow Simulation 2011 Tutorial

b3

Starting Points
B () ) @]
[*[Lh F =@Skator-1

&HF =
2, =]
|’!E| |1 i |
Particle Properties ]
@ [A005 mm :ll
L ISDIids ﬂ

- Mylar-65 1«

Palybutylene Terephthalal

i Polyisoprens [Matural)

Broysyone SRS

i Polyztyrene [no fill] =

| 3

IPnlystyrene j

Create/Edit. .
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Chapter 9 Textile Machine

7 Change the Default Wall Condition to Reflection.  [pafault wall Condition

b3

8 Click Next @ twice. |:| Absarption
9 Under Default Appearance, set Draw Trajectories || > | Ideal reflection
ate . [T_| .
as =% Lines with Arrows. | == | Reflection
10 Under Constraints, increasethe Maximum Length En |1 j Fe

}= of trgjectoriesto 15 m ez [ %

11 Click OK ¥ A new Particle Sudy 1 item with
one sub-item (Injection 1) appear in the Analysis tree.

12 Right-click the created | njection 1 item and select Clone. TheInjection 2 item will be
created. For this item, increase the particle size by editing the Diameter to 0. 015 nm

13 Right-click the Particle Sudy 1 item and select Run.
14 Select Injection 1 and click Show to view the particles’ trajectories.

15 When finished examining the trajectiries from the first injection, hide the Injection 1
trajectories and show the Injection 2 trgjectories.

Modeling Rough Rotating Wall

Adjusting Wall Roughness

In the previous cal culation zero roughness was used for the walls of the rotating cone's
internal and external surfaces. To investigate an influence of the rotating cone wall's
roughness, let us perform the calculation with the rotating cone's internal and external
surfaces' at 500 um roughness under the same boundary conditions.

Create a new configuration by cloning the current project, and (1]

nameit 130000r pm - rough wall .

9-10

1 Right-click the Rotating Wall = 130 000 rpm item and ——

select Edit Definition. |£|IW

2 Under Wall parameters, select Adjust Wall —
_ X ID Wi 2K
Roughness [Rz |. s :

@| 500 miciometer : Fe

b3

3 Specify the wall roughness of 500 ni croneters.

4 ClickoK % .

Run the calculation.



Results - Rough Walls

The calculated fields of flow velocity and Y-component of velocity in different section are
shown below and reveal practically no change in the vertical velocity of theflow. Asa
result, the flying particles’ trajectories are nearly identical to those in the case of smooth
walls. It is seen that increase in the roughness from 0 to 500 pum increases the vortex flow's
tangential velocity.

Velocity in the XY section at Z = 0 (roughness = 500 pm)

“elocity [mis] Y — Camponent of Yelocity [mis]

Flow velocity Flow velocity's Y-component

Velocity in the ZX section at Y =2 mm

70 bl
] 63
56 56
49 49
42 42
35 a5
28 28
21 21
14 14
7 7

=

1}
Welocity [rmis] Velociy [mis]

roughness = 0 pm roughness = 500 pm
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Flow streamlines

1}
Velaocity [rmig]

Smooth wall Rough wall

Trajectories of 5 um particles

Smooth wall Rough wall
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Trajectories of 15 pm particles

70

70
63 63
56 55
49 13
42 12
a5 5
28 38
21 a1
14 1
7 7
g i
Welocity [mis] velocity [m/s]
Smooth wall Rough wall
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10

Non-Newtonian Flow in a Channel with Cylinders

Problem Statement

Let us consider a non-Newtonian liquid's 3D flow® through a rectangular-cross-section
channel encumbered with seven circular cylinders arranged asymmetrically with respect
to the channel's midplane shown in Ref. 1. Following Ref. 1, let us consider the 3%
aqueous sol ution of xanthan gum as a non-Newtonian liquid. Its viscosity approximately

obeys the power law 77 = K [Qy)”'l with a consistency coefficient of K = 20 Paxs"and a

power-law index of n = 0.2, whereas its other physical properties (density, etc.) are the
same asin water (since the solution is agueous).

The problem's goal is to determine the total pressure lossin the channel. Also, to highlight
the influence of the 3% xanthan gum addition to water on the channel'stotal pressure loss,
we will calculate the flow of water using the same volume flow rate within the channel.

The Flow Simulation calculations are performed with the uniform liquid velocity profile

at the channel inlet, the liquid’s volume flow rateis 50 cm/s. The static pressure of 1 atm
is specified at the channel outlet. The calculation’s goal is the channel’s resistance to the
flow, i.e., the total pressure drop AP, between the channel inlet and outlet.

_ (1250 33.75 e

%S

]

O]
o

© © o © o G <

61.75

8.75

326

1.This example can be runin Flow Simulation PE only.
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Chapter 10 Non-Newtonian Flow in a Channel with Cylinders

SolidWorks Model Configuration

Copy the Tutorial Advanced 3 - Non-Newtonian Flow folder into your working
directory and ensure that the files are not read-only since Flow Simulation will save input
data to these files. Open the Array of Cylinders.sldprt part.

Specifying Non-Newtonian Liquid

1 Click Flow Simulation, Tools, Engineering Database.
2 IntheDatabase tree, select Materials, Non-Newtonian Liquids, User Defined.

3 Click New Item ()| in the toolbar. The blank item Properties tab appears.
Double-click the empty cell to set the corresponding property vaue.

4 Specify the material properties as shown in the table below:

Name XGum
Density 1000 kg/ nmt3
Specific heat 4000 J/ (kg*K)
Thermal conductivity 0.6 W (nrK)
Viscosity Power | aw nodel
Consistency coefficient 20 Pa*s"
Power law index 0.2

Save and exit the database.

Project Definition

Using the Wizar d create a new project as follows:

Project name Create new: XGS

Unit system CGSmoadified: Pa (Pascal) for the
Pressure & Stress

Analysistype Internal; Exclude cavities without flow
conditions

Physical features No physical features are selected (default)

Fluid XGum (non-Newtonian liquids);

Flow type: Laminar only (default)

10-2



Wall Conditions

Adiabatic wall, default smooth walls,
default dlip condition

Initial Conditions

Default conditions

Result and Geometry Resolution

Default result resolution level 3;

Minimum gap size=0.25 cm, no other
changes

Conditions

Specify boundary conditions as follows:

Inlet Inlet Volume Flow 1:
Boundary | 50 cm®s Volume flow rate normal to g
Condition | face; default temperature (20.05 °C) at
the face; <
o P35
@ <
,////
A ’
Outlet Static Pressure 1:
Boundary | Default value (101325 Pa) for the Satic
Condition | pressure at the face;
///
////
e
//// -

Specifying Goals

Specify surface goals for the Average
Total Pressure at the inlet and outlet.

Specify an equation goal for the total
pressure drop between the channel’s inlet
and outlet.

Flow Simulation 2011 Tutorial

Equ.

quation Goal

FGA v Total Pressure TH{8G Aw Total Pressue 2}
=
o
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Chapter 10 Non-Newtonian Flow in a Channel with Cylinders

Run the calculation. When the calculation isfinished, create the goal plot to obtain the
pressure drop between the channel’sinlet and outlet.

Array of Cylinders.SLDPRT [XGS]

Goal Name Unit Value Averaged Value |Minimum Value |[Maximum Value |[Progress [%]

SG Av Total Pressure 1 Pa 105622.4926 105622.4125 105620.3901 105627.4631 100
SG Av Total Pressure 2 Pa 101329.0109 101329.0091 101329.0051 101329.0109 100
Pressure Drop Pa 4293.481659 4293.4034 4298.457377 4291.380166 100

It is seen that the channel's total pressure lossisabout 4 kPa.

Comparison with Water

L et us now consider the flow of water in the same channel under the same conditions (at
the same volume flow rate).

Create a new configuration by cloning the current

project, and name it Wat er .

Changing Project Settings

1

6

Click Flow Simulation, General
Settings.

On the Navigator click Fluids.

In the Project Fluids table, select
XGum and click Remove. Answer
OK to the appearing warning
message.

Select Water in Liquids and click
Add.

Under Flow Characteristics, change

Flow type to Laminar and Turbulent.

Click OK.

Clone Project [2]x]
& Create new
€ Add to existing
Configuration name:
reater
Exieting configuraion
[-oe E
I Copy results
oK I Cancel Help |
General Settings [ 7] x]
Flids [Path =] Hew.
Ethylene Pre-Defined
- Methane Pre-Defined # Analysis type
b Methanol PreDefined .
4o Nitragen PreDefined . Fluidls
i Ouygen Pre-Defined &
©-- Propane Pre-Defined e —
Lo A23 Pre-Defined
o R1Ma Pre-Defined i
R ProDefined €| intial condtions
- RCEIE Pre-Defined
= NonNewtanian Liquids =
[ Project Fluids \Delaun Fluid | Remove
wiater [ Linuids | _I
Feplace

F\nw Characteristic

Laminar and Turbulent
Eavllalmn

Cancel Help

ok I Apply

Run the calculation. After the calculation is finished, create the goal plot.
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As shown in the results table above, the channel's total pressure lossisabout 60 Pa, i.e.

Array of Cylinders.SLDPRT [water]

Goal Name Unit Value Averaged Value |Minimum Value |[Maximum Value |[Progress [%]

SG Av Total Pressure 1 Pa 101395.004 101395.0214 101394.8731 101395.1171 100
SG Av Total Pressure 2 Pa 101329.3912 101329.3378 101329.3084 101329.3912 100
Pressure Drop Pa 65.6128767 65.68357061 65.76566097 65.55243288 100

60...70 times |ower than with the 3% aqueous solution of xanthan gum, thisis due to the
water's much smaller viscosity under the problem's flow shear rates.

e e S e

0 8. 8 5.8 5. &

The XGS (above) and water velocity distribution in the range from 0 to 30 cm/s.

1 Georgiou G, Momani S., Crochet M.J., and Walters K. Newtonian and Non-Newtonian
Flow in a Channel Obstructed by an Antisymmetric Array of Cylinders. Journa of
Non-Newtonian Fluid Mechanics, v.40 (1991), p.p. 231-260.
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Heated Ball with a Reflector and a Screen

Problem Statement

Let us consider abal with diameter of 0.075 m, which is continuously heated by a 2 kW
heat source. The ball radiates heat to a concentrically arranged hemispherical reflector
with the inner diameter of 0.256 m, and through a glass cover of the same inner diameter
to acircular screen with the diameter of 3 m arranged coaxially with the reflector at the 1
m distance from the ball. All parts except the glass cover are made of stainless steel. The
ball surface and the screen surface facing the ball are blackbody. The other side of the
screen sideis non-radiating. The goal of the simulationl is to see how the presence of
reflector and its emissivity influence the ball and screen temperatures. To do that, the
following three cases are considered™:

e Case 1: thereflector inner surface is whitebody;
e Case2: al reflector surfaces are blackbody;
e Case 3: thereflector is removed.

The steady-state problem is solved with the Heat conduction in solids option selected,
so that conduction within al partsis calculated. Considering the convective heat transfer
negligibly low (asin highly rarefied air), we also select the Heat conduction in solids
only option. With this option, we do not need to specify afluid for the project, and it is
calculated without considering any fluid flow at al, thus saving the CPU time and
limiting the heat transfer between parts to radiation only. The initial temperature of the
parts is assumed to be 293.2 K.

L et us consider the solutions obtained with Flow Simulation for each of the cases under
consideration.

1.This example can be runin Flow Simulation PE only.
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Chapter 11 Heated Ball with a Reflector and a Screen

SolidWorks Model Configuration

Copy the Tutorial Advanced 4 - Surface-to-surface Radiation folder into your working
directory and ensure that the files are not read-only since Flow Simulation will save input
data to these files. Open the Heated Ball Assembly.SL DASM assembly.

Screen
Glass Cover

@3

Reflector

Heated Ball

The heated ball with the reflector and screen.

11-2



Case 1: The reflector inner surface is whitebody

Project Definition

Using the Wizard create a new project asfollows:

Project name Create new: Case 1
Unit system S
Analysistype External

Physical features

Heat conduction in solids, Heat conduction in solids
only, Radiation, Environment radiation: Environment
temperature = 293.2 K;

Default Solid

Alloys/Steel Sainless 321

Wall conditions

Default wall radiative surface: Non-radiating surface;

Initial and Ambient
Conditions

Default initial solid temperature of 293.2 K

Result and Geometry
Resolution

Set result resolution level to 3;

Automatic minimum gap size,

Manual Minimum wall thickness = 0.007 m;
other options are default.

Definition of the Computational Domain

Specify the computational domain size as follows:

Xmax=14m

Ymax=16m

Zmax=16m

X mn=-0.2m

Y min=-1.6m

Zmin=-1.6m

Flow Simulation 2011 Tutorial
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Chapter 11 Heated Ball with a Reflector and a Screen

Adjusting Automatic Mesh Settings

Click Flow Simulation, Initial Mesh. Clear
the Automatic settings check box to "' |
switch off the automatic initial mesh P | e |
settings, switch to the Solid/Fluid Interface ™= =
tab and change the Curvature refinement s pamsres
level to 5. Click OK. Ieeoroe eirenerteet eV

Tolrance refinement citerion: Wj

¥ Diptirnizs thin walls resolution

_ Bessl | I Auomalicsetings T Show basic mesl h

Defining Radiative Surfaces
Follow the steps below to specify the radiative surfaces:
1 Click Flow Simulation, Insert, Radiative Surface.

2 Under Type, expand the list of Pre-Defined radiative
surfaces and select Blackbody wall.

3 IntheFlyout FeatureManager Design Tree select the
Heated Sphere component. Next, select the surface of
Screen facing the Heated Sphere.

4 Click oK % . Rename the new Radiative Surface 1
itemto Bl ackbody Walls

Click anywhere in the graphic areato clear the selection.

11-4

b3

Type

= Pre-Defined
- Ahgorbent wall
¥ Blackbody wall
- Morvradiating suface
- Real Surlfaces
Syummety
- Whitebody wal

[

Blackbodsy: wall

Create/Edit. .

Selection -]

@ Face <1 >@Heated 5
A een-1

here-




5 Click Flow Simulation, Insert, Radiative Surface.

6 Under Type, expand the list of Pre-Defined radiative
surfaces and select Whitebody wall.

7 Select the inner surface of Reflector.

8 Click oK . Change the name of the new radiative
surface to Wi t ebody wal | .

Selection

b3

@ Face<1>@Reflector-1

*

Type

= Pre-Defined
Abzorbent wall
- Blackbady wall
MNareradiating surface
-- Real Surfaces

IWhitebndy wall j

Create/Edit. .

Specifying Bodies and Materials Transparent to the Heat Radiation

Assign the Glass material to the glass cover and specify it as transparent to radiation.

1 Click Flow Simulation, Insert, Solid Material.

2 Inthe Flyout FeatureManager Design Tree select the
Glass component.

3 Under Solid expand the list of Pre-Defined solid
materials and select Glass under Glasses and
Minerals.

Flow Simulation 2011 Tutorial

Glass-1@heated ball assem|

S

Solid

- Alloys ;I
- Glazzes and Mineralz

- Isuilator

-~ [uartz glass
- Metals

- Won-isotropic

- Polymers

- Semiconductors

L Led

IGIass

Create/Edit. .

11-5



Chapter 11 Heated Ball with a Reflector and a Screen

4 Under Radiation Transparency select Transparent

- Radiation Transparency &
(11} then select Thermal only. (3] opaque
You can separately specify a solid material transparency BIE] Transparent
to the solar radiation and transparency to thermal % Thermal only
radiation from all other sources, including heated € Solar anly
bodies. Snce there are no sources of solar radiation in " Thermal and solar

the project, we can select Thermal only to make the
material fully transparent to all radiation in the project.

5 Click OK. Flow Simulation now treats this solid material and all bodiesit is applied to
as fully transparent to the thermal radiation.

Specifying Heat Source and Goals

11-6

Specify the surface heat source of the heat generation rate at the sphere surface:

1 Click Flow Simulation, Insert, Surface Source.

b3

Parameter

2 IntheFlyout FeatureManager Design Tree select the @) (1]
Heated Sphere component. Q |2uut1w— :; i

3 Select Heat Generation Rate &b asthe source type and
set its value to 2000 W.

Specify surface goals of the maximum, average, and =R Goals

minimum temperatures at the Heated Spher e surface - #By SG Max T of Heated Sphere
and the blackbody surface of Screen . P 56 Average T of Heated Sphere
In addition, specify the volume goal of the Heated 2“ gg m:;f;i?iisphe'e
Spher e average temperature. (In all cases you should 56 Min T of Sereen

select Temperature of Solid asthe goal parameter). You By 56 Average T of Soreen

can rename the goals as shown to make it easier to g VG Average T of Heated Sphere
monitor them during the calculation.

Save the model and run the calculation.

If you take alook at the goals convergence, you can see that the sphere’s temperature at
the start of the calculation is high. This happens because the initial sphere’s temperature
(293.2 K) istoo low to take away by radiation the heat produced by the 2000 W heat
source . To illustrate this better, in cases number 2 and 3 we will increase the initial
temperature of the heated sphere to 1000 K, thus providing the greater amount of heat
being lost by the sphere starting from the very beginning of the calculation.



Case 2: All reflector surfaces are blackbody

In contrast to the Case 1, in thiscase thereflector inner  EEmEzEE= Z1]
surface is blackbody and al other surfaces of the & Geetsnaw
reflector are also blackbody. .

ICase 2

Createanew Case 2 project by cloning the current Case o
1 project. (Dot T

I~ Capy resulis

oK | Cancal Help |

Changing the Radiative Surface Condition
1 Deletethe Whitebody Wall condition.

2 Right-click the Blackbody Walls item and select Edit Selection A
Definition. @ Face<1>@Heated Sphere-

3 Click the Reflector item in the Flyout FeatureM anager By i
Design treein order to select all itssurfaces. Thesurfaces | | Face<4>@Reflector-1
are added to the list. | T | Face <5 =@Reflector-1

4 Click oK .

Goals Specification

Specify the additional surface goals of the maximum, average, and minimum temperature
of solid for the Reflector inner and outer surfaces.

Specifying Initial Condition in Solid

Specify theinitial temperature of the heated sphere of 1000 [, .
K using Initial Condition. O

sphere-1@heated b
Save the model.

b3

}z:»x | Glabal Cordinate System
Reference axis: Ix vl

Solid Parameters -]

=]
T I‘IDDDK (s
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Chapter 11 Heated Ball with a Reflector and a Screen

Case 3: The reflector is removed

11-8

In contrast to Case 1 and Case 2, the reflector is removed in Case 3.

Create a new Case 3 project by cloning the current Case 2 project.

1

Edit definition of the Blackbody Walls condition: under Selection remove from the
list all faces belonging to Reflector. To delete aface from the list of Faces to Apply
the Radiative Surface, select the face and press the Delete key.

Delete the surface goals related to reflector. - # Goals

Disable the Reflector component in the < 56 MaxT of Heated Sphere

. S0G Average T of Heated Sphere
mponent Control di X. =
Component Control dialog bo -y 56 Min T of Heated Sphere

; I"&* SG Max T of Screen
I"&t 5G Min T of Screen
By SG Average T of Scresn

Using Batch Run, calculate the cases 2 and 3.



Results

In Case 1, dueto theradiation returned by the reflector, the ball surface facing the reflector
is hotter than the ball surface facing the screen (see pictures below). Therefore, the screen
temperature in Case 1 is higher than in the other cases.

In Case 2, radiation coming from the ball to the reflector heats up the reflector and heat is
radiated from the reflector outer surface to ambient, therefore being lost from the system.
Since less heat is returned to the ball by the radiation from the reflector , the ball
temperature is lower, although it is distributed over the ball in the same manner asin
Case 1. Less heat isalso coming from the reflector to the screen. Asaresult, the screen
temperature is lower than in Case 1.

Since the reflector isremoved in Case 3, there is no noticeable heat radiated back to the
ball. The ball temperature islower than in Case 2 and mostly uniform (the non-uniformity
islower than 1 K). Since in the abscence of reflector the screen is only exposed to the
radiation from the side of the ball facing the screen, the screen temperature isthe lowest
among all the cases.

1220.00
1218.46
1216.92
12146.38
121385
12123
121077
1209.23
1207 69
120615
1204.62
1203.08
1201.54
1200.00
Solid Temperature [K]

CutPlot1: contours [293.20 . 1231 .60]

The ball temperature distribution (front plane cross-section) in CASE 1 (left), CASE 2 (center) and
CASE 3 (right) in the range from 1200 to 1220 K (the reflector is arranged at the left).

340.00
33638
33277
32015
32554
3182
e
31489
311.08
307 .46
30389
300.23
29662
292.00
Solid Temperature [K]

Surface Plot 1: contours [307.66 ... 338.02]

The screen temperature distribution (surface plot of solid temperature) in CASE 1 (left), CASE 2
(center) and CASE 3 (right) in the range from 295 to 340 K.
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Parameter Casel Case 2 Case 3

M aximum | 1232.52 1205.16 1193.81

The ball's temperature, K Average 1221.79 1202.11 1193.68
M inimum | 1211.35 1199.04 1193.59

M aximum 338.09 320.01 311.40

The screen’s temperature, K | Average 317.09 308.26 303.58
M inimum 307.65 302.80 299.90
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Rotating Impeller

Problem Statement

L et us consider the air flow through a centrifugal pump having arotating impeller (see
below).1 This pump has a stationary axial inlet (an eye), a pipe section of 92 mm radius
with a central body of circular arc contour, which turns the flow by 90° from the axial
direction. At theinlet's exit the radial air flow is sucked by arotating impeller, which has
seven untwisted constant-thickness backswept blades with wedge-shape leading and
trailing edges. Each blade is cambered from 65° at the impeller inlet of 120 mm radiusto
70° at the impeller exit of 210 mm radius, both with respect to the radial direction. These
blades are confined between the impeller shrouding disks rotating with the same (as the
blades) angular velocity of 2000 rpm. Downstream of the impeller the air enters a
stationary (non-rotating) radia diffuser.

To compl ete the problem statement, let us specify the following inlet and outlet boundary
conditions: inlet air of 0.3 m%/svolume flow rate having uniform velocity profile with
vectors parallel to the pump's axis; at the radial-directed outlet astatic pressure of 1 atmis
specified.

1.This example can be runin Flow Simulation PE only.
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Chapter 12 Rotating Impeller

Outlet Static Pressure

Inlet Volume Flow

The centrifugal pump with arotating impeller.

SolidWorks Model Configuration

Copy the Tutorial Advanced5 - Rotating Impeller folder into your working directory.
Open the Pump.SL DASM assembly.

Project Definition

Using the Wizard create anew project as follows:

Project name Use current: Impeller Efficiency

Unit system S

Analysistype Internal; Exclude cavities without flow conditions
Physical features Rotation: Type - Global rotating, Rotation axis- Z

axis of Global Coordinate system, Angular
vel ocity=2000 RPM (209.43951 rad/s)

Default fluid Air
Wall Conditions Adiabatic wall, default smooth walls
Initial Conditions Default conditions

Result and Geometry Resolution | Set the Result resolution level to 4;
Minimum gap size = 0. 04 m, minimum wall
thickness= 0. 01 m, other options are default
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Boundary Conditions

Specify the boundary conditions for inlet and outlet flows as shown in the tables bel ow:

Type Inlet Volume Flow
Name Inlet Volume Flow 1
Facesto apply | theinner face of the

Inlet Lid
Parameters:
Value of 0.3 m"3/swith the Uniform profile
in the absolute frame of reference
(the Absolute option is selected).

[JRelative to rotating frame. When the Relative to rotating frame option is selected, the
specified velocity (Mach number) is assumed to be relative to the rotating reference

frame (\f):

\Y,

specified

=V, =V, —wxr

Here, r isthe distance from the rotation axis and wisthe angular velocity of the
rotating frame. The mass or volume flow rate specified in the rotating reference frame
(the Relative to rotating frame option is selected) will be the same in the absolute
(non-rotating) frame of reference if the tangential velocity component is perpendicular
to the opening’s normal, thus not influencing the mass (volume) flow rate value, e.g.
when the opening's normal coincides with the rotation axis.

Type Environment Pressure
Name Environment Pressure 1 ELE
Facesto apply | theinner face of the
Outlet Lid T
T |2832K : e f

Parameters:

Default values (101325 Paand 293.2 °C) in
the absolute frame of reference (the Pressure
potential option is disabled).

Flow Simulation 2011 Tutorial
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Chapter 12 Rotating Impeller

D Pressure potential . If you enable a rotating reference frame, you can select the

Pressure potential check box. When the Pressure potential check box is selected, the
specified static pressure is assumed to be equal to the rotating frame pressure (P,) and
may be calculated using following parameters: absolute pressure, density, angular
velocity and radius:

specified r al

P =P =Pbs—%pa)2m2

When the Pressure potential check box is unchecked, the specified static pressure is
assumed to be a pressure in terms of the absolute frame of reference (Pgpg).

When you specify arotating reference frame, it is assumed that all model walls are rotated
with the reference frame's angular velocity unless you set a specific wall to be stationary.
To specify anon-rotating wall, the Stator moving wall boundary condition can be applied
to thiswall. Specifying the stator boundary condition is the same as specifying the zero
velocity of thiswall in the absol ute (non-rotating) frame of reference. Note that stator face
must be axisymmetric with respect to the rotation axis.

Specifying Stationary Walls

12-4

We will specify the stator condition at the corresponding walls of the pump’s cover.

1
2

In the FeatureM anager Design tree, select the Cover component.

Click Flow Simulation, Insert, Boundary Condition.

N

Click Filter Faces and select Remove outer faces = and Keep outer faces
and fluid-contacting faces = options. Click Filter.

Click wall IEI and keep the default Real Wall condition type.

Type ]

BEE

|w! Stakor

5 Select Stator.

6 Click OK % andrenamethenew Real Wal | 1 conditionto Stator Walls.



Impeller’s Efficiency

Engineers dealing with pump equipment are interested in the pump efficiency. For the
pump under consideration the efficiency () can be calculated in the following way
(F.M.White "Fluid Mechanics", 3rd edition, 1994):

Poutlet - Pinlet) [(D|
QM |

|

where Pjy ¢ IS the static pressure at the pump’sinlet, Py« 1S the bulk-average static
pressures at the impeller’s outlet (Pa), Q isthe volume flow rate (m3/s), Q istheimpeller
rotation angular velocity (rad/s), and M is theimpeller torque (N-m). To obtain Py e, an

auxiliary M easur e component was placed where the flow exits the impeller.

The M easure component is only used for the pressure 2 x|
measurement (the corresponding goal will be specified at the C@DW‘@ —
inner face of the M easure thin ring), thus it should be [ Era
disabled in the Component Control dialog box. % et Enatle 1

1 Click Flow Simulation, Component Control. ® ot g |
2 Select the Measureitem and click Disable. %
3 Click OK to close the dialog. Help

Specifying Project Goals

First, since the pressure and volume flow rate boundary condition are specified, it makes
sense to set the mass flow rate surface goal at the pump’sinlet and outlet to inspect the
mass balance as an additional criterion for converging the cal culation.

GOAL TYPE GOAL PARAMETER FACE
Surface Goal Mass Flow Rate Theinner face of thelnlet Lid
Surface God Mass Flow Rate The inner face of the Outlet Lid

Next, specify the goals that are necessary for calculating the impeller’s efficiency:

GOAL TYPE

GOAL PARAMETER

FACE

Surface Goal

Av Static Pressure

Theinner face of thelnlet Lid

Flow Simulation 2011 Tutorial
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Surface God Bulk Av Static Pressure

outlet.

The inner face of
theMeasurering
at theimpeller's

Surface Goal Z - Component of Torque

All impeller faces in contact with air
(see details below).

To avoid manual selecting of all impeller’s faces in contact with air (more than 150) we

will use theFilter Faces feature.

1 Select the Impeller component by clicking on it in the graphic area or in the

FeatureManager Design tree.

2 Click Flow Simulation, Insert, Surface Goals. All
impeller faces (including those we do not actually need)
appear in the Faces to Apply the Surface Goal list.

3 Click Filter Faces W

=
=

and select Remove outer faces
and Keep outer faces and fluid-contacting faces
options.

EJWhen several options are selected in the faces filter, the
filter options to exclude certain faces are combined with
the use of logical AND, so that the combination of
Remove outer faces and Keep outer faces and
fluid-contacting faces leads to the removal of all faces
but those in contact with fluid.

4 Click Filter.

Rename the created goals as shown below:
E||"ﬁ Goal:

&‘ 506G Mass Flow Rate Inlet

ﬁ‘. 506G Mazs Flow Rate Outlet

&‘ SG Aw Static Pressure Inlet

: I‘tﬁ‘. 506 Bulk dvw Static Preszure Impeller's Dutlet

L ,"&‘ Torque on Impeller

12-6

Selection -3

ED Face<1=@Impeller-1 ﬂ

Face 2 =@Impeller-1
Face <3 =@Impeler-1
Face <4 =@Impeller-1
Face <5 =@Impeller-1
Fare <f =mTmneler-1 LI

&

Separate goal For each
surface

Filter Faces -

|| Remove ouk of domain Faces

@| Remove ouker Faces

&) | Remaove fluid-contacting
|E| faces

@l Keep outer and

"~ fluid-contacting Faces




Finally, specify the following Equation goals:

GOAL NAME FORMULA DIMENSIONALITY
Pressure Drop {SG Av Static Pressure Pressure &
Inlet}-{SG Bulk Av Static stress

Pressure Inpeller's Qutlet}

Efficiency {Pressure Drop}*{Inlet Volume No units
Fl ow 1: Vol ume fl ow rate normal
to face: 3. 000e- 001}/ 209. 44/
{Torque on Inpeller}

To add inlet volume flow value to the equation goal’s expression, click the

Inlet Volume Flow 1item in the Analysistree and then click Volume flow rate normal

to face in the Parameter list.
m SG Bulk Aw Static Pressure Inmpeller's Outlet

m Torgue an [mpeller
. Pressure Drop

,*E E fficiency
% Results

Save the model and run the calculation.

Results

The velocity vectors and static pressure distribution are shown below. To display vectors
in the rotating reference frame, select the Velocity RRF parameter under the Vectors tab
of the Cut Plot definition window.

AE
ALIP A rrr oo
v

PPt
v

The flow velocity vectors in the frame rotating with the impeller (left) and in the
stationary frame (right) at the impeller flow passage midsection ( Front plane,
position Z = - 0.02 m, vector spacing = 0.02 m, arrow size = 0.03 m).
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101200
101110
101020
100920
100840
100750
100660
100570
100480
100390

100300
Pressure [P3]

The flow pressure
distribution over the impeller

surface.

S

For the impeller under consideration the obtained efficiency is0.79.

Goal Name

Unit

Value

Averaged Value

Minimum Value

Maximum Value

Efficiency

[

0.787039615

0.786371

0.784334

0.787117
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CPU Cooler

Problem Statement

Let us consider a CPU cooler consisting of a copper core and an aluminum heat sink with
62 fins. An eight-blade propeller generates a constant flow of air through the heat sink.
The CPU is mounted on a socket installed on a PCB. Heat produced by the CPU is
transferred through the core to the heat sink and then released into the air flow.

To calculate the problem using
Flow Simulation, it is convenient
to use the concept of local rotating
regions. In order to simplify the
problem statement, we do not
consider the thermal interface
layer between the processor and
the cooler. Also, we neglect the
thermal conduction through the
processor socket and PCB.

A quantitative measure of the
cooler efficiency is the thermal
characterization parameter

Wep = (Te—Ta)/ Py, Where T is

-— Heat sink
Copper core

the temperature of the CPU cover,
Tp isthe surrounding air

temperature, and Pp is the thermal
design power (TDP) of the CPU.

An exploded view of the CPU cooler assembly.
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Chapter 13 CPU Cooler

SolidWorks Model Configuration

Copy the Tutorial Advanced 6 - CPU Cooler folder into your working directory. Open
the CPU Cooler.SLDASM assembly.

Project Definition

Using the Wizar d create a new project as follows:

Project Configuration Use current
Unit system S
Analysistype External; Exclude cavitieswithout flow conditions;

Exclude internal space

Physical features

Heat conduction in solids;
Rotation: Type - Local region(s)

Default fluid

Gases/ Air

Default solid

Glasses and Minerals/ Insulator

Wall Conditions

Default smooth walls

Initial and Ambient Conditions

Thermodynamic parameters: Temperature=38°C;
Solid parameters: Initial solid temperature=38°C;
other conditions are default

Result and Geometry Resolution

Set the Result resolution level to 5; Minimum gap
size= 0. 001 m, other options are default

Computational Domain

Specify the computational domain size asfollows:

X max = 0.095 m

Y max =0.1123 m Z max = 0.095 m

X min=-0.095m

Y min=0.0005m Z min=-0.095m
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Rotating Region

The Rotating region is used to calculate flow through rotating components of model
(fans, impellers, mixers, etc.) surrounded by non-rotating bodies and components, when a
global rotating reference frame cannot be employed. For example, local rotating regions
can be used in analysis of the fluid flow in the model including several components
rotating over different axesand/or at different speedsor if the computational domain has a
non-axisymmetrical (with respect to arotating component) outer solid/fluid interface.
Each rotating solid component is surrounded by an axisymmetrical rotating region which
hasits own coordinate system rotating together with the component.

A rotating region is defined by an additional component of the model. This additional
component must meet the following reguirements:

« therotating component must be fully enclosed by it,
e it must be axisymmetric (with respect to the rotating component's rotation axis),

« its boundaries with other fluid and solid regions must be axisymmetrical too, since
the boundaries are sliced into rings of equal width and the flow parameters' values
transferred as boundary conditions from the adjacent fluid regions are
circumferentially averaged over each of these rings,

 the components defining different rotating regions must not intersect.
Specify the rotating region asfollows:
1 Click Flow Simulation, Insert, Rotating Region.

2 Intheflyout FeatureManager design tree select Rotation Region component. Note that
the Disable solid components check box is automatically selected to treat the Rotating
Region asafluid region.
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EJA component to apply a rotating region must be a body of revol ution whose axis of

revolution is coincident with the rotation axis. This component must be disabled in the
Component Control. When specifying the rotating region, make sure that its
boundaries do not coincide with the boundaries of other surrounding solid
components, because the mesh will not resolve this region. However these components
may intersect in some way, but in this case the surrounding components must be also
symmetrical relatively to the axis of revolution. Since the flow on the boundary of the
rotating region must be axisymmetrical as well, we must provide a reasonable gap
between the rotating region boundary and the outer edges of the propeller blades in
order to minimize the influence of local non-axisymmetrical perturbations. Due to the
samereason, it is preferable to put the rotating region boundary inside the solid bodies
whenever possible, rather than putting them in the narrow flow passages. Also, the
supposed direction of the flow at the rotating region boundary should be taken into
account when defining the shape of the rotating region. You should choose such shape
of the rotating region that the flow direction will be as much perpendicular to the
rotating region boundary as possible. The picture below provides an additional insight
into how the rotating region shape was adapted to the actual geometry of the CPU
cooler in thistutorial example (the rotation region boundary is denoted by red).

These gaps are
necessary for flow to

be more
t/ axisymmetrical at the
rotating region

/

<+ poundary

By placing the
rotating region

inps
boundary within a

solid instead of
putting it into a
narrow channel

between the fan and
the attach clip we
avoid the additional
mesh refinement
and the negative
effects of the
non-axisymmetrical

N

T T | flow in this narrow

— — I channel
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Here the rotating region boundary is placed within
a solid to avoid unnecessary and non-realistic
calculation of a swirled flow within the closed
cavity, which may yield inaccurate results



]
3 Under Parameter, set the Angular Velocity &% to -4400 RPM.

D During the definition of a rotation region, heavy
green arrows denoting the rotation axis and the
positive direction of rotation speed can be seenin
the graphics area. Since we want to define the
rotation in the direction opposite to the arrow, we
specify negative value of the angular velocity.

4 Clickok ¥ .

o

to be stationary. To specify a non-rotating wall, the Stator real wall boundary condition
should be applied to the wall. Specifying the stator boundary condition is the same as
specifying the zero velocity of thiswall in the absolute (non-rotating) frame of reference.
Note that the stator face (or apart of the face that is |ocated inside the rotating region in
the case when the given face intersects with the rotating region boundary) must be
axisymmetric with respect to the rotation axis.

When you specify arotating region, it is assumed that
all model wallswithin this region rotate with the
region's angular velocity unless you set a specific wall

Specifying Stationary Walls

We will specify the stator condition at the appropriate walls of the fan attach and the
attachment clip. To easily select the necessary faces, hide the Fan and Rotation Region
components.

1 Click Flow Simulation, Insert, Boundary Condition.

-
-
=
m
2

2 Under Type, select Wall = K eep the default Real —
Wall condition type and select Stator option. =@

|w! Stakor
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3 Select thetwo inner circular side faces and
two top faces of Attach Clip as shown.

4 Intheflyout FeatureManager Design Tree
select the Fan Attach component.

[JThe Fan Attach component has a relatively
complex shape with fine features, soitis
preferable to select the whole component
and then use the facesfilter, rather than
selecting manually each face we need.

5 Click Filter Faces w7 . Select Remove

=

outer faces and Keep outer faces

and fluid-contacting faces = , then click Filter.

EJSince we have specified the Exclude internal space option in the Wizard, the facesin
contact with the cavity between the Fan Attach and the Copper Core are considered
outer faces. Therefore we need to select the Remove outer faces option in Filter
Faces in order to exclude them.

6 Clickok ¥

Solid Materials

Specify the solid materias for the project as follows:

a) the CPU and the Heat Sink are made of aluminum (Pre-Defined/Metas);
b) the Copper Core, naturaly, is made of copper (Pre-Defined/Metals);
c) all other parts are made of default Insulator.

Heat Source

Define the volume source with the heat generation rate of 75 W in the CPU component.

Initial Mesh Settings

13-6

To resolve the complex geometry of the fan and heat sink better, let us define six
additional control planes and specify the proper Ratios for the intervals between them to
make the mesh denser in the central region containing the complex geometry and coarser
near the computational domain’s boundaries.

1 Click Flow Simulation, Initial Mesh.
2 Clear the Automatic settings check box.



3 Click Reset and then in the Automatic Initial Mesh window click OK.

4 OntheBasic Mesh tab, under Initial Mesh 5]
i Basic Mesh | Solid/Flud Interface | Refining Cels | Nariow Channels |
Controll intervals select the.O m S _
value (either asaMax of X1 interval b of ol per E—
or asaMin of X2 interval) and click Nbes of e e R o
Del ete Pl ane. Mumber of czls per Z: 26 j’

[ Humber of cells] Ratio Add Plane
[m] 13

] iE EnprETE|

002107629 m | L) 5
1|l D P

1 23870435

Reset ™ Automatic settings I~ Show basic mesh

5 Click Add plane. Inthe Create Greate Contol Plancs ]
Control Planes window make sure that Creating mode ~ p==e= -
isset to Click on screen and Parallel to isset to YZ,
click anywhere in the graphic area and enter manually
-0.05 as anew value for X. Click OK to return to the
Initial Mesh window.

Paralle|
’7(‘ b vz Cz

6 Following the same procedure, add one more plane at
X =0.05.

DBy default, Flow Smulation creates six control planeson &

appy | Cancel | Hew |

the computational domain boundaries and a number of
planesinside it. We now want to tune the set of control planesto our needs by removing
the default planes inside the computational domain and adding new ones.

7 Click the Ratio cell of the X1 interval and enter the value of 2. In the same manner
enter the values 1 and -2 for the intervals X2 and X3.

Ratio istheratio of cell sizes on the given interval. The cell sizes are changed
gradually along the selected direction so that the proportion between the first and the
last cells of thisinterval is close (but not necessarily equal) to the entered value of the
Ratio. Negative values of the ratio correspond to the reverse order of cell size increase.

Flow Simulation 2011 Tutorial 13-7



Chapter 13 CPU Cooler

8 Delete the existing inner control
planes perpendicular to Y and add
new planesat Y =0.042 mand
Y =0.047 m. Specify the Ratio
valuesfor Y1, Y2 and Y3 intervals
as 1.5, 1 and -1.4, respectively.

9 Delete the existing inner control
plane perpendicular to Z and add
new planesat Z = -0.05 m and
Z =0.05 m. Specify the Ratio
valuesfor z1, z2 and z3 intervals as
2, 1 and -2, respectively.

10 Check that the Numbers of cells

Initial Mesh
Basic Mesh | SolidFluid Interface | Refining Cels | Nanow Channels |

Number of cells

Mumber of celk per 2 j‘
Humber of eeik per Y: 12 j‘
Mumbe: of cels per Z % Z‘

Control intervals

Min Max Hurnber of cells| Ratio Agd Plang.
M [00%m 005m
W2 |005m 005 m 1
¥ |005m 0085 m 2
¥ [0000m 0042m 15
Y2 |0042Zm 0047 m 1
Y3 |[0M7m 01123m 14
21 [00%m 005m 2
22 |005m 005 m 1
Z3 |005m 0095 m 2
Resst ™ Automatic settings I Show basic mesh

[2]x]

ok

Cancel

i

Help

per X, Y and Z are 26, 12 and 26, respectively. If the numbers are different, please

correct them manually.

11 To avoid the unnecessary mesh
refinement at the edges of the
heatsink fins, go to the Solid/fluid
Interface tab and set Small solid
features refinement level to 3,
Tolerance refinement level to 2,
and Tolerance refinement criterion
to 0.001 m, while leaving other
options default.

12 GototheNarrow Channels tab and
set Characteristic number of cells
across a narrow channel to 4 and
Narrow channels refinement level
to 1, leaving default valuesfor other
options. Thiswill prevent the
unnecessary mesh refinement in the
narrow channels between heatsink
fins.

13 Click OK.

Initial Mesh HE
Basio besh  SolidFlid Intertace | Refining Cesls | Nanow Channels |
Smal sold features refinement level )7
E—
B ) Help ‘
=]
=
Tolerance refinement levet —
Tolerance refinement citerion: 000w =
¥ Opirize thin walls resolution
Resst | [ Automaticsettings T Show basic mesh
Initial Mesh HE
Basic Mesh | Solid/Flid Interface | Refining Cals Nanmow Chariiels |
. I3
I Enable naniow channels refnement
Concel |
Characterislic number of cells across a namow channel |4 i‘ Heln
MNarow channeks refinement level —
I Enable the mirimum height of narmow channels
I Enable the masimum height of nanow channels

™ Show basic mesh

Resst I Automatic settings




Specifying Project Goals

Specify surface goals for maximum temperature on the CPU cover and mass flow rate for
the flows entering the rotating region and exiting from it. To select the necessary faces,
you will probably need to hide temporarily some components of the assembly.

GOAL TYPE GOAL VALUE

FACE

Surface Goal Max Temperature of

Solid

Top face of the
CPU cover. To set
this goal you may
need to hide the
Heat Sink and
Copper Core
components.

Surface Goa Mass Flow Rate

Top and side
surfaces of the
Rotation Region
component.

Surface Goal Mass Flow Rate

Bottom face of
the

Rotation Region
component. To set
this goal you may
need to hide the
PCB component.

Equation goa
1} +{ SG Mass Flow
Rate 2} ){ SG Mass
Flow Rate 1}

({SG Mass Flow Rate

The disbalance of the inlet and outlet mass
flow rates. We are using the "+" operand
sincetheinlet and outlet mass flow rate
values have opposite signs.

Select No units for Dimensionality.

To caculate the thermal characterization parameter we will need the temperature of the
center of the CPU cover. To get more accurate value of the parameter we will specify a

separate point goal .

1 Click Flow Simulation, Insert, Point Goals.

2 Click Point Coordinates |I‘fz|.

Flow Simulation 2011 Tutorial
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Chapter 13 CPU Cooler

3 Enter the coordinates of the point: X =0m, Y =0.009675m,Z=0m.

4 Click Add Point [+%].

5 IntheParameter table, select the Value check box in
the Temperature of solid row.

6 ClickOK % .

Pt. PG Temperature of Solid 1

: m 56 Max Temperature of Solid 1
h 56 Mazs Flow Rate 1

m 506G Mass Flow Rate 2

PEE E quation Goal 1

Save the model and run the calculation.

13-10
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Results

Use the goal plot tool to obtain the value of the temperature of the center of the CPU
cover. Now we can calculate the thermal characterization parameter of the heat sink:
Wep = (Te—Ta)/ Py =(329.9-311.15)/75 = 0.25 °C/W. The second most important
characteristic of the CPU Cooler isthe velocity of the flow above PCB. We can assess the

value of this parameter as well as the distribution of the temperature by looking at the cut
plots made in the Front and Right planes (see below).

Temperature field and velocity vectors distribution (Front plane, no offset, vector

Temperature field and velocity vectors distribution (Right plane, no offset, vector
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L

Velocity distribution as a contour plot (Front plane, no offset).

Velocity distribution as a contour plot (Right plane, no offset).
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14

Electronic Components

Some of the featuresused in thistutorial are available for the Electronics module users
only.

Problem Statement

Thistutorial demonstrates the capabilities of Flow Simulation to simulate cooling of
electronic components in an embedded industrial computer by using various features
implemented in the Electronics module. Here we consider a single board computer with a
case, which contains, among other components, CPU, chipset (Northbridge and
Southbridge), heat sink with two heat pipes, PCl and I SA slots for a PC104 expansion
board, SODIMM slot with memory installed and periphera connectors.

Air at room temperature enters the case through the ventslocated at the side and bottom
panels and exits through the vents located at the back panel, where an exhaust fan is
installed. The resulting flow inside the case removes the heat produced by electronic
components (CPU, Northbridge, Southbridge and DDR RAM chips). The heat pipes also
transfer the heat produced by CPU and Northbridge to the heat sink, which dissipatesit
into the air. In the considered model, this heat sink is placed near the exhaust fan.

The objective of the simulation isto ensure that under these conditions, electronic
components operate at moderate temperatures. In the table below, you can see the typica
values of maximum operating temperatures of the electronic components under

consideration.
Electronic component Maximum operating temperature
CPU 85°C
Northbridge 80°C
Southbridge 100°C
DDR RAM chip 85°C

Flow Simulation 2011 Tutorial 14-1
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Heatsink Exhaust Fan

Back Vents

Chipset Heat Pipe

Northbridge

Peripheral
Connectors

Model Configuration

Copy the Tutorial for Electronics Module 1 - Electronic Components folder into your
working directory. Open the EPIC PC.SLDASM assembly. Look at the Default
configuration. Thisis the origina model geometry in accordance with the problem
statement. After studying this model, switch to the Simulation Model.
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Outlet Lid

CPU Heat Pipe  Heat s .
CPU Two-Resistor Model / =

Side Inlet Chipset Heat Pipe

Northbridge
Two-Resistor Mode

EPIC PC Mainboard

Southbridge

Bottom Inlet Lid Two- Resistor Model

SODIMM Memory Module

Simulation mode

To simplify the problem for this tutorial and, therefore, to save your computer resources,
we neglect some particular components and features, which do not affect the flow and heat
exchange much. These include holes in PCI and | SA slots, screws and peripheral
connectors. The model geometry of exhaust fan is aso excluded from the simulation and
is replaced by an appropriate boundary condition. In the simulation, we consider CPU,
Northbridge, Southbridge and DDR RAM chips as Two-Resistor simplified thermal
models, each consisting of two parallelepiped components.

To set the boundary conditions for theinlet and outlet flows, we close the vents by placing
asinglelid on the inner side of each panel. Thus, we neglect some phenomena, which
occur in the flow entering and exiting the case thought the vents. However, we take into
account the value of the pressure loss coefficient reflecting the resistance to the flow in
accordance with the specific shape and arrangement of the vent holes.
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In the Simulation model configuration you can
see that the vents on the back panel are f
suppressed . Thisis done in order to define the
exhaust fan boundary condition correctly. If you
examine the original model geometry, you will
see that the exhaust fan is placed close to the
vents on the back panel, and thereisno air flow
through some of them. Actually, theair flow exits
the case through a ring-shaped array of the vent
holes (see the picture), so in the Simulation
Model configuration we place alid to close only

these vent holes without considering other vent

holes on the back panel at all. Asresolving of each vent hole can be rather
time-consuming and they are not the part of the flow simulation anyway, we suppress
them. Instead, we specify an Externa Outlet Fan boundary condition on the inner surface
of the ring-shaped lid. In addition, on the same lid we specify the Perforated Plate
condition to define the pressure loss due to the resistance of the vent holes to the flow.

Project Definition

Using the Wizard create anew project as follows:

Project Configuration

Use current

Unit system

S (with Temperature units changed to °C)

Anaysistype

Internal, Exclude cavities without flow conditions

Physical features

Heat conduction in solids,
Gravity (Y component of -9.81 m/s"2)

Default fluid

Gases/ Air

Default solid

Alloys/ Seel (Mild)

Wall Conditions

Default outer wall thermal condition: Heat
transfer coefficient of 5.5 Wm2/K

Initial Conditions

Default conditions

Result and Geometry Resolution

Result resolution level of 3; other options are
default
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Boundary Conditions

Specify the boundary conditions for inlet and outlet flows as shown in the tables bel ow:

Type Environment Pressure
Name Environment Pressure 1
Facesto apply | theinner face of the
Inlet Lid
Parameters:
Default values (101325 Pa and 20.5 °C)

Type Environment Pressure
Name Environment Pressure 2
Facesto apply | theinner face of the
Inlet Lid 2
Parameters:
Default values (101325 Pa and 20.5 °C)

Type External Outlet Fan
Name External Outlet Fan 1
Facestoapply | theinner face of the
Outlet Lid

Model:

Pre-Defined\Axial\Papst\Papst 412
Parameters:

Default value (101325 Pa)

Flow Simulation 2011 Tutorial
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Specifying Perforated Plates

The Perfor ated Plate feature is used for simulating inlet and outlet flows through thin
planar walls with multiple openings without having to create an individual lid for each
opening. Instead, the Perforated Plate condition is applied together with a boundary
condition for a surface of asingle lid, which closes multiple openings, and defines the
additional resistance of these openingsto the flow. It can be useful, for example, when you
simulate a flow entering or leaving the model through a series of small openings, which
can reguire some additional mesh refinement if resolved directly. In this simulation, we
use Perforated Platesto take into account the resistance of inlet and outlet ventsin the
computer case to the flow .

1 Click Flow Simulation, Tools, Engineering Database.

2 IntheEngineering Database, under Perforated Plates, User Defined, create two
items with the following parameters:

| Froperty |‘-.-’alue |

M ame Tutorial rectangular holes

Comments

Haole shape Rectangular

Height 0.01m

Width 00075 m

Coverage Fitch

# - pitch 0.003 m

Y - pitch 0015 m
| Froperty |"»-’alue

M arme Tutorial round holes

Comments

Haole shape A ound

Diarneter 0.003 m

Coverage Checkerboard Distance

Distance between centers 0.004 m

EJYou can specify the Hole shape as Rectangular, Round, Regular Pitch

Polygon or Complex. To define the holes arrangement (for non- -
Complex holes), in the Coverage you can select either Pitch or v
Checkerboard distance (for non-Rectangular holes). Depending on
the selected option, you can specify the size of a single hole and either O
the distance between two adjacent holes in two mutually Checkerboard
perpendicular directions (X - Pitch and Y - Pitch) or the Distance distance

between centers. The specified val ues are used to calculate Free O
area ratio, which denotes the ratio of the holes total area to the total L O
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area of the perforated plate. The automatically calculated Free area ratio value
appears at the bottom of the table. Alternatively, you can select the Free area ratio
option in the Coverage, and specify thisvalue directly.

Save and exit the Engineering Database.

In the Analysis tree, select the Environment Pressure 1 boundary condition.
Click Flow Simulation, Insert, Perforated Plate.

Under Perforated Plate select the created
Tutorial rectangular holes.

o g b~ W

Perforated Plate

b3

- Pre-Defined

B- User Defined
7 Click ok % . Thenew Perforated Plate 1
item, which corresponds to the side vents of the - Tutarial round holes
case, appearsin the Analysis tree.
8 For the bottom vents, select the Environment | ITuterialrectangular ioes =l
Pressure 2 boundary condition, and repeat
steps 5-7.

9 For the back panel vents, select the External Outlet Fan 1 condition, and repeat steps
5-7, selecting the Tutorial round holes item under User Defined.

[ The Perforated Plate featureisused in simulation to define additional parameters for
the already specified Environment Pressure or Fan conditions. It doesn’t make any
changesin the model geometry itself. So, when you del ete the boundary condition or
fan from your project, the corresponding Perforated Plate (if specified) becomes
useless.

Specifying Two-Resistor Components

Thetwo-resistor model iswidely used to estimate the temperature of chips and other small
electronic packages. It considers each package consisting of two parallel epiped
components (Case and Junction) with identical contact areas, made of material with high
heat conductivity (see the picture below). The Junction-to-Case (8,.) and
Junction-to-Board (B,5) thermal resistances are modeled as infinitely thin plates. The heat
conduction through the package is cal cul ated using the values of these resistances.

Package
Adiabatic walls

Adiabatic walls Case

Junction

Board {PCB)
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An extensive set of pre-defined two-resistor componentsis provided in the Engineering
Database. Each item corresponds to a specific package type.

1

Click Flow Simulation, Insert, Two-Resistor

Component.

Select the CPU 2R Case component as Case

Body ¥ and CPU 2R Junction as Junction

Body @

Under Component select the
PBGAFC_35x35mm_2R item.

Inthe Source, enter the value of Heat
Generation Rate @ equalto12 W

Click OK U4 . The new Two-Resistor

Component 1 item, which corresponds to CPU,

appears in the Analysis tree.

Rename the created item to CPU. We will use

this name for selecting thisitem to specify
Goals.

In the same way specify the Chipset —

Selections

] r CPU 2R Case-1@EPIC PC

ey |_ CPLU 2R Junction-1@EPIC PC

Component

b3

b3

- PBGAFC_T4x22mm_2R
- PBGAFC_159x15mm_2R
- PBGAFC_21x21mm_2R
- PBGAFC_23x23mm_2R
- PBGAFC_27x2¥mm_2R
- PBGAFC_29x29mm_2R
- PBGAFC_31x31mm_2R
- PBGAFC_32 532 8mm_2R

B PBGAFC_35x35mm_2R

- PBGAFC_37_5%37_8mm_2R

|PEGAFC_35x35mm_2R

Create/Edit. ..

Source

Q |12w

Northbridge and Chipset — Southbridge items

with the following parameters:

b3

Exrs
.v.

Name

Chipset - Northbridge

Case Body

Northbridge 2R Case

Junction Body

Northbridge 2R Junction

Component

PBGAFC_37 5x37_5mm_2R

Heat Generation Rate

4.3 W

Name

Chipset - Southbridge

Case Body

Southbridge 2R Case

Junction Body

Southbridge 2R Junction

Component

LQFP_256_28x28mm_2R

Heat Generation Rate

2.5 W




8 For each of the four considered DDR RAM chips, specify the same way RAM chip N

item (with N being the chip number) by selecting its corresponding Case and Junction
parts under the SODIMM assembly:

Name RAM chip N

Case Body RAM Chip 2R Case
Junction Body RAM Chip 2R Junction
Component TSOP_C_10_16x22_22_2R
Heat Generation Rate 1w

EJ1f you specify some package as Two-Resistor Component in the project, make sure that

its dimensions in the Engineering Database totally match (or are very close to) the
dimensions of the package model geometry (its Case and Junction components). If the
dimensions do not match, you must either make changes in the model geometry or
select a different Two-Resistor Component in the Engineering Database.

Specifying Heat Pipes

The Heat Pipe feature is used for modeling heat transfer from the hotter surface to the
colder surface through a heat pipe (considered as solid body made of high heat-conducting
materid).

1
2

Flow Simul

Click Flow Simulation, Insert, Heat Pipe.
Select CPU Heat Pipe as Components to Apply

Heat Pipe % .

Select the face of the CPU Heat Pipe component
contacting with the top face of CPU as Heat In

Faces @ .

Select the face of the CPU Heat Pipe contacting
with the inner face of heat sink as Heat Out Faces

@
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5 TypetheEffective Thermal Resistance value of
0. 3 °C/ WThisvalue modelsthereal efficiency
of heat pipe.

6 Click OK ¥ . Thenew Heat Pipe 1 item, which
corresponds to the CPU heat pipe, appears in the
Analysis tree.

7 Inthe sameway specify the other heat pipe using
the Northbridge Heat Pipe component with the
same value of Effective Thermal Resistance.

Specifying Contact Resistances

Selection

»

% [ CPU Heat Pipe- 1@EFIC PC

@ ’7 Face<2>@CPLl Heat Pipe-1

@ I Face<1>@CPU Heat Pipe-1

Effective Thermal Resistance

O EE (] (£,

»
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The Contact Resistance feature is used for specifying the value of thermal contact
resistance on aface of asolid contacting fluid or another solid. It can be defined by a
specific thermal resistance value or by thickness and thermal properties of the contact
layer material. Taking into account the thermal contact resistance helps to estimate, for
example, such phenomenon as temperature drop at the contact surface. Here we use this
feature to specify thermal interface material attaching heat pipesto CPU and Northbridge
and to specify thermal contact resistance between the surfaces of heat pipes and the

surrounding air.

WiththeLibrary license, an extensive set of pre-defined thermal interface materials from
several vendorsis provided in the Engineering Database.

1 Click Flow Simulation, Insert, Contact
Resistance.

2 Select the faces of the CPU Heat Pipe and
Northbridge Heat Pipe components contacting
with the top faces of CPU and Northbridge
correspondingly. We selected these faces earlier as
Heat In Faces to specify the heat pipes.

3 Under Thermal Resistance, select Bond-Ply 660
@ 10 psi (Pre-Defined\Interface
Materials\Bergquist\Bond-Ply\Bond-Ply 660 @
10 psi).

4 Click OK o . The new Contact Resistance 1
item appearsin the Analysis tree.

»

Type

Resistance

Materialfthickness

Thermal Resistance A
=
dBonc-Ply 650 @ 10 psi |
“Bond-Ply 560 @ 100 psi J
- Bond-Ply BE0 & 200 psi
- Bond-Ply BE0 & 25 psi
- Bond-Ply BE0 & 50 psi

<| | .

Ll

|Bond-Fly 650 @ 10 psi

Create/Edit...

5 Repeat step 1, then hold down the Ctrl key and click the CPU Heat Pipe and
Northbridge Heat Pipe components in the flyout FeatureManager design tree. All the
faces of both these components appear in the Faces to Apply the Contact Resistance

T list.



6 Click Filter Faces v . Select Keep outer and fluid-contacting faces =] ,and click

Filter.

7 Under Thermal Resistance, expand the Pre-Defined list, and select Infinite
resistance. We use Infinite resistance here to reflect the qualitative difference
between the intensity of heat transfer inside and outside the considered heat pipes.

8 Click ok % .

Specifying Printed Circuit Board

ThePrinted Circuit Board feature is used for modeling PCBs as flat solid bodies with
anisotropic thermal conductivity, which is calculated from the specified structure of
interleaving conductor and dielectric layers. You can define such material in the
Engineering Database by specifying the properties of conductor and dielectric materias
and the structure of layers. We use this feature to specify the material for SODIMM board,
which consists of six layers of conductor (Copper) and five layers of dielectric (FR4)

1 Click Flow Simulation, Tools, Engineering Database.

2 IntheEngineering Database, under Printed Circuit Boards, User Defined, create a

new item with the following parameters:

| Froperty |"»-’alue |
M ame 4z2p PCE
Comments | J
Type Laper Definition
Diglectric material density 1200 kagdm™3
Diglectric maternal specific heat a0 J/kg k)
Dielectric matenal conductivity 0.3 W Arer]
Conductar matenial density 8960 kaodm™3
Conductar matenial specific heat 385 kg
Conductar matenial conductivity A0 WA
FCE total thickness 0.001 m
Conducting lavers [Table] |J

EJAs you specify the parameters, at the bottom of this table you can see the cal cul ated
properties of the equivalent material used in the simulation .

Flow Simulation 2011 Tutorial
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3 IntheConducting Layers table, click the ...| button to switch to the Tables and
Curves tab. Type the following values to specify the structure of conducting layers:

| Layer Thickness | Fercentage Cover |
3. 3e-005 m 0%
B.Be-005 m a0 %
3. 3e-005 m 0%
3. 3e-005 m 0%
B.Be-005 m a0 %
3. 3e-005 m 0%

EJAs you specify the layers structure, you can see the graphical representation of this
structure at the right .

4 Save and exit the Engineering Database.

5 Click Flow Simulation, Insert, Printed Circuit T T =
Board. (- Pre-Defined
. . (=) User Defined
6 Select SODIMM PCB in the graphic area.
7 Under Printed Circuit Board select the created
. |4szppce =]
4s2p PCB item.
8 Click oK ¥ .
Specifying Solid Materials
For the EPICPCB component, we specify a Anisotropy A
non-iSOtI’Opi C materi a] 2 |Global Coordinate System
(Pre-Defined\Non-isotropic\PCB 8-layers) with Ads [y =

14-12

Axisymmetrical/Biaxial conductivity. In this type of

conductivity the thermal properties of the material are the same for two directions and
differ for the third direction specified by an axis or direction.

To specify the axis for the EPICPCB, under Anisotropy, set Axis to Y.

For other components, specify the Solid M aterial as following:

Pre-Defined\Metals\Copper Heatsink

Pre-Defined\IC Packages\Typical PC104 PCI Connector,

Connector PC104 1SA Connector,
SODIMM Connector

To excludethe Inlet Lid, Inlet Lid 2 and Outlet Lid from the heat conduction analysis,
specify them as insulators (Pre-Defined\Glasses and Minerals\Insulator).



Project Goals

9

In the Analysis tree, select the two-resistor component CPU.
Click Flow Simulation, Insert, Volume Goals. Selection A
In the Components to Apply the Volume Goal P [z e e
list, make sure that both Case (CPU 2R Case) and
Junction (CPU 2R Junction) components are I™" Create goal for each camponent
added.
Under Parameter select both Max and Av Temperature of Solid.
Edit the Name Template to: CPU - VG Name Template A
<Par amet er >. IEIF'U WG <Parameters
B
Click oK % . ——
Repeat the same steps separately for each heat source: Chipset - Northbridge,

Chipset — Southbridge, RAM Chip 1, 2, 3, 4 (select dl these four RAM chips at
once) and the Heatsink. Edit the Name Template in asimilar way.

When finished, in the Analysis tree select all R A
specified boundary conditions (Environment @ [Face<t>@iriet Lid 2-1
. Face<Z=@Inlet Lid-1
Pressure 1, Environment Pressure 2 and Fare<3>@0utlet Lid-1
External Outlet Fan 1), holding down the Ctrl 7]
key o ¥ Create goal for each surface
Click Flow Simulation, Insert, Surface Goals.

10 Select the Separate goal for each surface option to create a separate goa for each of

the selected surfaces.

11 Inthe Parameter, select Mass Flow Rate.

12 Click OK % .

Setting Initial Mesh

To adjust the initial mesh settings, click Flow
Simulation, Initial Mesh.

Creating mode:

Switch off the automatic settings by clearing the '?M‘“‘ b
Automatic settings checkbox. Go to the Basic Mesh (r‘w vz ©
tab Control planes:

Click Add Plane.

In the Create Control Planes dialog box make sure
that Creating mode is set to Click on Screen.

Inthe Parallel to, click ZX. o I ) S—
[ ok | seeb | caneel | Hep |
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In the graphic area, click anywhere, and then type O for the Y.
p
Click OK to return to the Initial il osh \i
. Basic Mesh | Solid/Flud Interface | Refining Cels | Nariow Channels |
Mesh WI ndOW. 7NUMEE'E'S jld/F\ i Inter: Refi Cells | M. Ch : =
Click the Ratio cell of the Y1 Wb of ol per’% * . —|E:”f‘
. MNumber of eells per ¥ 15 = _I“'
interval and enter the value of 2. o . <
In the same manner enter theRatio
Val ue Of -2 for the Y2 i nterval - T E‘EDEWEDEDW m“E\I/I?m]?EEIEm lNumbe, o EEA”I;' felle 1 EHE
X [¥1_|0.02008 m om m] 5 2l | [EdiRiEnE
Specify the Number of cells per X, LRI T ——
Y and Z of 40, 15, 30 respectively.
10 Go to the Solid/Fluid Interface tab
and set Small solid features
refinement level to 1.

11 Click OK to saveinitia mesh

Feset ™ Automatic setfings I~ Show basic mes} h

settings.

Setting Local Initial Mesh

14-14

Itis aso convenient to specify the L ocal Initial M esh to obtain more accurate solution in
the regions of interest.

1

N O o~ WwN

Inthe Analysis tree, select all created Two-Resistor components (CPU, Chipset —
Northbridge, Chipset — Southbridge, RAM Chip 1-4).

Click Flow Simulation, Insert, Local Initial Mesh.

Clear the Automatic settings checkbox. Go to Refining Cells tab.

Select Refine partial cells and Refine solid cells.

Set both Level of refining solid cells and Level of refining partial cells to 2.
Click OK to save L ocal I nitial Mesh settings.

Create another Local I nitial Mesh for the Heatsink. After clearing the Automatic
settings checkbox, go to the Narrow Channels tab, and set Characteristic number of
cells across a narrow channel to 4 and Narrow channels refinement level to 2.

Save the model and run the calculation.



Results

Goal Name Unit Value Averaged Value |[Minimum Value |[Maximum Value |Progress [%]

CPU - VG Av Temperature of Solid °C 73.65348951 73.59633002 73.41673831 73.68854902 100
CPU - VG Max Temperature of Solid °C 74.66360454 74.60485091 74.42299428 74.69307706 100
Northbridge - VG Av Temperature of Solid °C 51.14491396 51.1066735 51.05912715 51.14491396 100
Northbridge - VG Max Temperature of Solid °C 51.44302312 51.40441032 51.35484934 51.44302312 100
Southbridge - VG Av Temperature of Solid °C 80.91964681 81.03053274 80.91964681 81.11365414 100
Southbridge - VG Max Temperature of Solid °C 82.79001636 82.88950708 82.79001636 82.966598 100
RAM Chips - VG Av Temperature of Solid °C 66.49844912 66.52817986 66.42244119 66.70378852 100
RAM Chips - VG Max Temperature of Solid °C 70.11750432 70.15496185 70.00624722 70.36198185 100
Heat Sink - VG Av Temperature of Solid °C 42.31832529 42.25710885 42.22057223 42.31832529 100
Heat Sink - VG Max Temperature of Solid °C 42.69643848 42.63542913 42.59875423 42.69643848 100

In accordance with the obtained results, we can say that el ectronic components operate at moderate
temperatures, and there is no need to introduce any additional design featuresin order to improve
the efficiency of heat exchange inside the considered case.

Flow Simulation 2011 Tutorial
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Oil Catch Can

Problem Statement

Here we consider the motion of motor oil dropletsin the air flow inside the oil catch can
installed in the car. The presence of the dropletsin this flow is caused by the rotating
crankshaft that churns up oil inside the crankcase. As oil catch can traps these droplets, it
eliminates the possibility of oil suction into the engine and its subsequent combustion
with fuel and oxidizer (air) that produces alot of smoke in the exhaust.

For this tutorial we consider the geometry of oil catch can

shown on the picture right. The dividing wall is placed so that /—\
most of the droplets entering through the inlet nipple along

with theair flow collide to it. Once the collision occurs, the oil

droplet adheres to the wall and then trickles down. However D

some particular smaller-sized droplets may evade collision @

with the wall due to their small inertia and escape the can
through the outlet nipple.

The objective of the simulation isto estimate the probability of
trapping oil dropletsin the oil catch can considering the
following droplet sizes: 8, 13 and 18 pm. Quantitatively, we
can calculate this probability value for each individua droplet

sizewith thefollowing expression: P = mg o/ Minjet /__.\

where m; o, M

outlet 1S the mass flow rate of oil dropletsin the \_/
inlet and in the outlet correspondingly. The value of m is \_/

inlet
set to equal to 0.5% of air mass flow rate.

We assume that oil droplets do not influence the air flow because of their small size and

mass (~10"12 kg). Therefore, we also neglect the impact of oil accumulation on the flow
inside the il catch can.
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SolidWorks Model Configuration

Copy the Tutorial Advanced 7 - Oil Catch Can folder into your working directory. Open

the assembly.

Project Definition

Using the Wizard create anew project as follows:

Project Configuration Qil particles
Unit system S
Analysistype Internal
Default fluid Gases/ Air

Wall Conditions

Adiabatic wall, default smooth walls

Initial Conditions

Default conditions

Result and Geometry Resolution | Set the Result resolution level to 3; other options

are default

Boundary Conditions

Specify the boundary conditions for inlet and outlet flows as shown in the tables bel ow:

Type Inlet Volume Flow
Name Inlet Air Volume Flow
Facestoapply | theinner face of the
Inlet Lid
Parameters:
Volume Flow Rate Normal To Facewith a
value of 100 I/min (0.00167 m"3/s)
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Type Satic Pressure

Name Outlet Satic Pressure

Facestoapply | theinner face of the
Outlet Lid

Parameters:
Default values (101325 Paand 293,2 K)

Project Goals

1 IntheAnalysis tree, select the Inlet Air Volume Flow boundary condition
Click Flow Simulation, Insert, Surface Goals.
3 Under Parameter, select Av Static Pressure.

4 Click OK ¥ This goal will be an intermediate one to calculate pressure drop through
the ail catch can.

5 Click Flow Simulation, Insert, Equation Goal.

6 IntheAnalysis tree, select the created SG Av Static Pressure 1 goal. It will appear in
the Expression box.

Click the minus"-" button in the calculator.

8 IntheAnalysis tree, select the
Outlet Static Pressure boundary e e T 2] s
condition. [

gl

9 IntheParameter list, select Static
Pressure.

10 Select Pressure & stress for
Dimensionality.

11 CI|Ck OK D"":s::"ﬂ
12 Rename the created equation goal to
Pressure Drop.

ok | Cancel Help

13 Click Flow Simulation, Insert, Global Goals.

14 Parameter select Y - Component of Torque, and click OK 4 )
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Setting Solution Adaptive Mesh Refinement

15-4

With the specified Result Resolution value of 3, it may be not sufficient to resolve
accurately the regions with large velocity gradients and swirls, which are obviously
present here. When analyzing the particles, this may also lead to incorrect predictions of
particletrajectories. So, to improve the accuracy of the solution in those regions, it is
convenient to perform additional (adaptive) mesh refinement during the calculation.

1
2

Click , Calculation Control Options. Go to the Refinement tab.
Set the Refinement Val uetolevel = 1. Calculation Contral Dptions

Expand the Adaptive Refinement in Fluid
item, and click the Use global parameter
variation.

Make sure that the value of the Refinement
Strategy item is set to Tabular Refinement.

To edit the table of refinements, first expand
the Refinement Strategy item and make sure
that the value of Units is set to Travels. Then,
click the ...| button in the Table of
refinements field.

In the opened window, click Add Row. A single blank row will Tablo 5
pper.
Enter the value of 2 in the created row. This means that mesh o |

refinement will occur during the cal culation when the value of
travelsreaches 2.

Click OK. Go to the Finish tab.

Under the Finish Conditions, make sure that the Minimum b T
refinement number is set On. Edit itsvalueto 1.

AddRow
FRemove Row(s]

10 Set Off the Maximum travels.
11 Click OK.

Save the model and run the cal culation. During the calculation you can preview the
velocity field in the Front Plane or other plane and see how mesh refinement improves
the final solution.



Specifying Motor Oil Material

1 Click Flow Simulation, Tools, Engineering Database.
2 Inthe Database tree, select Materials, Liquids, User Defined.

3 Click New Item [ in the toolbar. The blank item Properties tab appears.
Double-click the empty cell to set the corresponding property value.

4 Specify the materia properties as shown in the table below:

Name Tutorial Mtor Gl
Density 900 kg/ nt3

Dynamic viscosity 0.01 Pa*s

Specific heat 1900 J/ (kg*K)
Thermal conductivity 0.2 W(nrK)

Studying the Motion of Oil Droplets

1 Inthe Analysistree, right-click the Particle Studies icon and select Wizard.

2 Keep the default name for the Particle Study and click Next 9

3 Click theInlet Air Volume Flow boundary condition, so that the
corresponding face appears under the Starting Points.

4 Set the Number of points [&#]to 200,

[l 4
5 Under theParticle Properties, set the Diameter equal to8e-06 m | ;
and change the Material to the created Tutorial Motor Qil -
(Materials, Liquids, User Defined). 6 [En ]

6 Changethe Mass flow rate valueto 1e- 05 kg/s. Thisvaueis
obtained once we take the 0.5% of inlet air mass flow rate (the
product of volume flow rate and density) in accordance with the

R22
RC318

water
[=) User Defined

T utorial Motor Oil :1

problem statement. e —
Create/Edit...
EJThe value set for the Number of pointsreflects the number of A j

different possible trajectories of the considered particles used for

tracing. Obviously the larger this valueis, the more accurate information about
possible particle trajectories can be obtained. As a result, you can obtain a more
detailed picture of the particles’ distribution in the considered domain and, if
necessary, calculate their mass flow rate in the outlet with a higher precision.

7 Click Next @
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8 Under the Default Wall Condition, make sure that Absorption IS jostat v candtion *

[ asorption

Se|eCted C“Ck Next @ . [52] rgestveiection

(=] refiecion

[JFor the Particle Study, there are three types of boundary
conditions that can be assigned to the walls: Ideal reflection, Absorption and
Reflection. The first two indicate perfectly elastic and inelastic collision respectively.
In the third type, you have to specify the restitution coefficients that define the ratios of
normal and tangential (to the wall) velocity components after and before the collision.

9 Under Physical Features, select Gravity. Click Next ®.

g
10 Under Default Appearance, set Draw Trajectories as &% Lines.
A [FEnnz =
A w2 ]

" ) )
M., Particle Studies

11 Click ok % . A new Particle Study 1 item with onesub-item s picie sy 1
(Injection 1) appear in the Analysis tree. £ wiall Condtions

12 Right-click the created | njection 1 item and select Clone. Create o
thisway I njection 2 and I njection 3 items.For the I njection 2
and I njection 3, edit the Diameter to 1. 3e- 05 mand
1. 8e- 05 mrespectively.

13 Right-click the Particle Sudy 1 item and select Run.

= |njection 1
= |njection 2
Lo |njection 3

Results

You can see the trajectories of each droplet size (injection), by right-clicking on the
Injection of interest and selecting Show. The resulting trajectories colored by the Velocity
parameter are presented below.
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8um droplets 13um droplets 18um droplets

For each particular dropl et size, we can obtain the precise amount of particles flown out of
the Qil Catch Can by evaluating the integral parameter Number of Particles on the outlet
face using the Surface Parameters feature.

With these values, we can conclude that the probability of trapping the 18um dropletsis
100%; 13um is about 97%; 8um is about 90%.
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150W Halogen Floodlight

Thisfeatureis available for the HVAC module users only.
&

Problem Statement

This tutorial demonstrates the capability of Flow Simulation to simulate heat transfer by
convection and radiation, including the radiation absorption in semi-transparent solids and
the radiation spectrum. It is shown how to define a project, specify the radiation properties
of semi-transparent solid materials, radiation conditions and cal culation goals.

Herewe consider ahalogen floodlight with an aluminum housing, which contains aquartz
glass front window, a silicone gasket, an aluminum internal reflector, a ceramic
lampholder and a 150W linear halogen lamp.

Thelinear halogen lamp consists of a quartz glass bulb, a straight-line tungsten filament,
molybdenum pinch pins and ceramic base sockets. The lamp is filled with argon at 2 atm
and 293.2 K. The lamp operates in typical indoor conditions at the room temperature
(=20 °C) and without any forced cooling.

Components of the floodlight and the halogen lamp are shown at the figures below.

Pinch pins

Bulb

Filament

Base sockets
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Lampholder
Front Window

Reflector

Gasket

In the table below, you can see the typical values of the maximum allowable operating
temperatures for some of these components. The objective of the simulation isto ensure
that the pinch pins, the lamp bulb and the front glass are not overheated.

Component Maximum per missible temperature
Pinch pins 350°C
Bulb glass 900 °C

Model Configuration

Copy the Tutorial for HVAC Module 1 - Halogen Floodlight folder into your working
directory. Open the Floodlight.SLDASM assembly.
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Project Definition

Using the Wizard create a new project asfollows:

Project Configuration Use current
Unit system S
Analysistype External
Physical features Heat conduction in solids,
Radiation:
Environment radiation (Environment
temperature of 293.2K),

Absorption in solids,
Spectrum (Number of bands is 2, Bands edge 1
at 2500nm)

Gravity (Y component of -9.81 m/s*2)

Default fluid Gases/ Air (Default fluid)

Gases/ Argon (clear the Default fluid check box)
Default solid Metals/ Aluminum
Wall Conditions Default wall radiative surface of Pre-Defined /

Real Surfaces/ Aluminum, commercial sheet
Roughnessis default

Initial Conditions Default conditions

Result and Geometry Resolution | Result resolution level of 4

D Only one semi-transparent solid material, the quartz glass, is used in this device. Its
absorption properties are specified as dependent on the wavel ength with an abrupt
change in absorption at 2500 nm. The UV radiation from the tungsten filament is
neglegible at 2900K. Thus, a two-bands spectrum with the bands edge at 2500 nm
allows to simulate the radiation absor ption in the glass components of the lamp
accurately enough.

Computational Domain

Specify the computational domain size as follows:

Xmax=0.15m Y max=0.2m Zmax=0.15m

Xmn=0m Y min=-0.12m Zmin=-0.15m

Specify the Symmetry {3 condition at X min &),
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Specifying Fluid Subdomain

Halogen lamps are filled with an inert gas and some small amount of halogen (iodine or
bromine). For the purposes of this simulation we can consider the lamp asfilled with an
inert gas only. The gasin ahalogen lamp is at the pressure severa times higher than
atmospheric. We use fluid subdomain to define both the gas filling the lamp and its
pressure.

1 Click Flow Simulation, Insert, Fluid Subdomain.

2 Select theinner cylindrical surface of
the Lamp\Lamp - Bulb component.
Immediately the fluid subdomain you
are going to create is displayed in the
graphics area as a body of blue color.

3 Under Fluids make sure that Gases/
Real Gases/Steam is selected in the
Fluid type list and clear the
Air (Gases) check box in thelist of
fluids below, so that only Argon
remains selected.

4 Under Thermodynamic parameters

inthe Pressure P box type2 atm

5 Click oK % .

Specifying Heat and Radiation Conditions

16-4

There are severd waysto define aheat sourcein . The surface area of the cylindrical
straight-line filament can substantially differ from the actual surface area of the coil. If
you specify aheat source by its power, this difference must be considered. To avoid
discrepancy between the actual and specified radiation heat transfer you can:

a) defineaheat source with the temperature specified,
b) then define aradiation source with the power specified.

To do this, we define aVolume Heat Source with the temperature of 2900K. The value of
the convective heat transfer rate is determined as a Surface Goal and the Radiation
Source power is defined as 150 Watt minus the convective heat transfer rate. And finally,
the absorption of radiation by the filament must be excluded from the calculation, so the
filament surface must be defined as awhitebody surface.



Specify the volume heat source as shown in the table below:

Type Volume Heat Source

Name 2900 K

Component to apply | Lamp\Lamp - Wire

Parameter:
Temperature: 2900 K

D The true temperature of the filament can be estimated from its color temperature. The
typical values of the filament color temperature are specified by the lamp
manufacturer. For the filament temperature of about 3000 K the color temper ature of
tungsten is 2-3 % higher than its equivalent true temperature.

Specify the goal necessary for calculating the convective hesat transfer rate:

GOAL TYPE GOAL PARAMETER FACE

Surface Goa Heat Transfer Rate The faces of the Lamp\Lamp - Wire
component located within the
computational domain.

Select the Lamp\Lamp - Wire
component in the Flyout FeatureM anager
Design tree and use Filter with the option
Remove out of domain faces .
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Defining Radiation Source

16-6

Follow the steps below to specify the radiation source:

1 Click Flow Simulation, Insert, Radiation
Source.

2 Inthe Flyout FeatureManager Design tree
select the Lamp\Lamp - Wire component.
All the filament faces are selected as Faces

to Apply the Radiation Source m
However, the side faceis out of the
computational domain and must be
excluded.

3 Click Filter Faces . Select Remove out
of domain faces , and click Filter.

4 Select Diffusive |%| asthe Type.

Filter Faces -

@] Remove out of domain Faces

|E| Remowe outer Faces

|@| Remove fluid-contacting Faces

|@| Keep outer and Fluid-contacting
—' faces

Power

b3

Gt .
5 Under Power select Power and then click

Dependency .

By

6 IntheDependency Type list select Formula
Definition. In the Formula box, type the formula for
the total heat power emitted by the source. To add a
goal to the formula, select the goal in the Dependent
on goal list and click goal in theinput panel. The
resulting expression must be the following:

150/ 2- {SG Heat Transfer Rate 1}

EOWe used a Volume Heat Source to define the heat
transferred from the filament by the convection. To
specify the remaining heat power, transferred by the
radiation, the calculated heat transfer rate of the
volume source must be subtracted from the total heat
power.

Q IDependenc_l,l =]
Dependency HE
Dependency type:
IFDrmuIa Definition j

Formula:
[1501/2-(56 Heat Transfer Rate 1}

Backspace | Clear |
+

7l8 9 [ | sin " r
415 B - ] | cos [ phi
11232 = | tan z | theta
0 . E ¢ | exp| log goal
Dependent on goal:
ISG Heat Transfer Rate 1 ﬂ
’D—KI Cancel | Help I




7 Click OK toreturn to the Radiation Source dialog.
8 Under Spectrum select Blackbody Spectrum and

Spectrum =
enter 2900 K inthe Blackbody Temperature Ta |~ [plackbody spectrum [~
box. |

T. [2300K &

9 Click OK ¥ The new Diffusive Radiation
source 1 item appears in the Analysis tree.
Defining Radiative Surfaces
Follow the steps below to specify the radiative surfaces:
1 Click Flow Simulation, Insert, Radiative Surface. | =
¥pe ]
2 Under Type, expand the list of Pre-Defined =T Fre Defined
radiative surfaces and select Whitebody wall. - Absorbent wall
. . . - Blackbady wal
3 IntheFlow Simulation Analysis Tree select the . | Nonvadiating suface
Diffusive Radiation source 1 item. . @ Real Suraces
o Symmetry
4 Click OK % . Renamethe new
.. . [ Uzer Defined
Radiative Surface 1item to
Radi ati ve Surface Fil anent.
IWhitebndy wall j

Click anywhere in the graphic areato clear the
selection.

5 Click Flow Simulation, Insert, Radiative Surface.
Under Type, click Create/Edit.

7 IntheEngineering Database, under Radiative Surfaces, User Defined, create a new
item and change itsName to Tut ori al Al umi num pol i shed.

8 Change the parameters of the surface as shown below:

Radiative suface tppe  wall

Specularty cosfficient 0.8
[=] Emizgivity Specific for thermal and zolar radiation
‘o Emissivity coefficient 0.1
‘e Solar absorptance 0.1

9 Savethe created radiative surface and exit the Engineering Database.

10 Under Type, expand the list of User-Defined radiative surfaces and select Tut ori al
Al umi num pol i shed.
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11 Select the inner faces of Reflector
located (at least, partialy) within the

computational domain.

12 Click OK % . Change the name of the
new radiative surface to
Radi ative Surface Reflector.

Specifying Solid Materials

For the opague components, specify the Solid Material as following:

Lamp\Lamp - Wire

Pre-Defined\Metals\Tungsten

Lamp\Lamp - Pinch<1>

Pre-Defined\Metals\Molybdenum

Lamp\Lamp - Base<1>
Holder

Pre-Defined\Ceramics\Alumina (96%)

Seal

Pre-Defined\Glasses and Minerals\Glass Lid Seal

Specifying Bodies and Materials Transparency

Assign the Quartz glass material to the bulb and the glass cover and specify these
components as semi-transparent to radiation.

1 Click Flow Simulation, Insert, Solid Material

2 Inthe Flyout FeatureManager Design Tree
select the Glassand Lamp\Lamp - Bulb

components.

16-8
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3 Under Solid expand the list of Pre-Defined

. . Solid 2
solid materials and select Quartz Glass under — -
. - Building b aterialz -
Glasses and Minerals. - Ceratics
El Glagsas and Minsrals
H Diarnand
-Glass
-Glass Lid Seal
-ksulatar
- Plaviglass
[#- IC Packages hd|
Quartz glass ﬂ
4 Under Radiation Transparency select Radiation Transparency %
Absorptive |ﬂ| @_' Opaaus
@| Absorptive
Absorptive body is semi -tran;pgrgnt, it means that it Y [ena |
absorbs the heat radiation within its volume. This < 2500 0.000264621
option is available only if the absor ption coefficient e
is specified in the solid material definition in the
Engineering Database and the Absorption in solids
check box is selected under Radiation in the Wizard + [F5

or General Settings. The Absorption Coefficient

|*|E | Transparent

+
$H* and Refractive Index M values are specified
in the Engineering Database and are provided here just for reference.

5 Click Ok % . Flow Simulation now treats this solid material and all solid bodiesit is
assigned to as semi-transparent to the thermal radiation.

Specifying Goals

Specify surface goals of the maximum and
average temperatures at the outer surface of the
Glass component.

In addition, specify volume goals of the Glass,
Lamp\Lamp - Bulb and Lamp\Lamp -
Pinch<1> maximum and average
temperatures. (you must select Temperature of
Solid asthe goal parameter). You can rename
the goals as shown to make it easier to monitor
them during the calcul ation.

Flow Simulation 2011 Tutorial

5 #

Goals

m SG Heat Tranzfer Rate 1

m SG Avw Temperature of Front Glass [outside]
m SG Max Temperature of Front Glass [outside)
F-'% Wi Avw Temperature of Front Glass

F-'% Wi Mawr Temperature of Front Glass

I’-‘E WG Ay Temperature of Bulb Glazs

% WG Man Temperature of Bulb Glazsz

% W5 Man Temperature of Pinch

e WG Av Temperature of Pinch
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Setting Local Initial Mesh

It makes sense to adjust the computational mesh to better resolve the semi-transparent
solid bodies and the fine filament. The most convenient way to do thisis to specify Local
Initial Mesh - it allows us to obtain more accurate solution in these specific regions
without creating an excessively fine mesh in other regions.

1

o g b~ W DN

In the FeatureManager Design Tree select the filament and bulb components of the
halogen lamp (Lamp\Lamp - Wire, Lamp\Lamp - Bulb).

Click Flow Simulation, Insert, Local Initial Mesh.

Clear the Automatic settings check box. Go to the Refining Cells tab.
Select Refine solid cells and set Level of refining solid cells to 5.
Click OK to savelocal initial mesh settings.

Create another Local Initial Mesh for the Glass component. After clearing the
Automatic settings check box, go to the Refining Cells tab, select Refine solid cells
and set Level of refining solid cells to 3.

Checking Calculation Control Options

1
2
3

E3The Discretization level controls the

Click Flow Simulation, Calculation Control Options.
Switch to the Advanced tab. Calculation Contral Options

Under Radiation make sure that the value of
Discretization level isset to 3. Thisvalueis
appropriate for the given conditions and
allowsto obtain an acceptable accuracy in the
case of compact radiation sources.

discretization of the whole directional domain
into equal solid angles or directions. The
higher the discretization level, the better the
accuracy, but the more CPU time and memory resources are required for the
calculation.

4 Click OK.

Save the model and run the calculation.
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Results

In accordance with the obtained results, we can say that the glass cover and the lamp bulb operate

at permissible temperatures.

Goal Name Unit Value Averaged Value [Minimum Value |Maximum Value |Progress [%]
SG Heat Transfer Rate 1 [W] 8.721428463 8.727580369 8.717889859 8.737026601 100
SG Av Temperature of Fron| [K] 412.384966 411.1346174 409.3971595 412.384966 100
SG Max Temperature of Frq [K] 465.428311 463.569023 460.9968718 465.428311 100
VG Av Temperature of Fron| [K] 414.2004285 412.9358877 411.1827422 414.2004285 100
VG Max Temperature of Frq [K] 468.8906105 467.0358562 464.4303868 468.8906105 100
VG Av Temperature of Bulb| [K] 716.2479984 715.196375 713.7749115 716.2745334 100
VG Max Temperature of Bul [K] 912.6794703 912.009111 910.9425318 912.7472728 100
VG Av Temperature of Pinc| [K] 489.5586685 488.7493109 487.0186254 490.6339404 100
VG Max Temperature of Pif| [K] 512.3509967 511.2211429 509.6762805 512.7591063 100

800.00

838.32

778.64

71796

B57.28

506.60

53592

47524

41456

35388

20320

Solid Ternperature (K]
Surface Plot 1: contours
The glass temperature distribution (surface plot of ~ The temperature distribution in the symmetry
solid temperature) in the range from 293 to 900 K. plane (cut plot of temperature) in the range
from 293 to 700 K.
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Hospital Room

(-. Some of the features used in this tutorial are available for the HVAC module users only.

Problem Statement

Thistutorial demonstrates the capability of Flow Simulation to predict the performance of
abuilding ventilation system and to estimate air quality and general thermal sensation by
calculating comfort criteria. It is shown how to define a project, i.e. specify the heat
sources, boundary conditions and cal culation goal's, and how to obtain values of comfort
criteria.

Here we consider a hospital isolation room and estimate the ventilation system
effectiveness with respect to the contaminant removal and thermal satisfaction of people
inthe room. A typical patient room includes standard features such as a patient bed,
exhausts, lightening, equipment. The overhead ventilation system contains an overhead
celling supply diffuser, the ceiling and the washroom exhausts. The contaminant sourceis
assumed to be the patient breathing. The heat sources are lights, a medical equipment, a
TV, apatient and a caregiver.
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Ceiling |

Forced inlet
fresh air flow

Caregiver

Hospital

equipment

Model

The ventilation system and the patient room features are shown at the figure bel ow.
Washroom exhaust vent grille Forced air removal

ights

~

S~

Patient TV set

The following parameters are used to estimate the ventilation system effectiveness with
respect to contaminant removal: Contaminant Removal Effectiveness (CRE) and Local
Air Quality Index (LAQI).

The following parameters are used to estimate the ventilation system effectiveness with
respect to thermal satisfaction of people: Air Diffusion Performance Index (ADPI),
Predicted Mean Vote (PMV) and Predicted Percent Dissatisfied (PPD).

Configuration

17-2

Copy the Tutorial for HVAC Module 2 - Hospital Room folder into your working
directory. Open the Hospital room.SLDASM assembly.



Project Definition

Using the Wizar d create a new project as follows:

Project Configuration Use current
Unit system S

Units for Temperature: °C (Celsius)
Analysistype Internal

Exclude cavities without flow conditions

Physical features

Gravity (Y component of -9.81 m/s*2)

Default fluid

Gases/ Air (Default fluid)

Gases/ Expired Air (user defined)

Click New and in the Engineering Database create
a new itemnamed Expi red Ai r by copy-pasting
the pre-defined Air, available under

M ateials\Gases\Pre-Defined, to the

M ateials\Gases\User Defined folder

Wall Conditions

Default

Initial Conditions

Thermodynamic parameters:
Temperature of 19.5°C

Concentration:
Mass fraction of Air is 1
Mass fraction of Expired air is0

Result and Geometry Resolution

Result resolution level of 3

Boundary Conditions

Specify the inlet and outlet boundary conditions as shown in the tables below:

Type Inlet Volume Flow

Name Inlet Volume Flow 1

Faces to apply the inner face of the Room
component, as shown

Forced inlet fresh air flow
Parameters:

of 4.8 m3/min

Volume Flow Rate Normal To Face

Flow Simulation 2011 Tutorial
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Type Outlet Volume Flow

Name Outlet Volume Flow 1

Faces to apply the inner face of the Room
component, as shown

Forced air removal
Parameters:

Volume Flow Rate Normal To Face
of 2.6 m3/mn

Type Environment Pressure

Name Environment Pressure 1

Faces to apply the inner face of the Room
component, as shown

Washroom exhaust vent grille
Thermodynamic Parameters:
Default values (101325 Pa and 19.5°C)

Type Inlet Volume Flow

Name Inlet Volume Flow 2

Faces to apply aface of the Patient
component, representing the
patient’s mouth, as shown

Contaminated expired air
Parameters:

Volume Flow Rate Normal To Face
of12 I/ min

Substance Concentrations:

Mass fraction of Air isO

Mass fraction of Expired Airis1
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Specifying Heat Sources

There are several heat sources in the hospital room: ceiling lights, a TV set and hospital
equipment. The caregiver and the patient are the sources of heat also. The amount of heat
produced by a human body depends on the kind of activity the personisinvolved in. A
patient laying on the bed produces significantly less heat than a caregiver, whose work
requires physical activity and concentration.

Since we do not consider heat conduction in solids in this simulation, we use surface heat
sources with the fixed heat transfer rate.

1 Click Flow Simulation, Insert, Surface Source.
2 Inthe Flyout FeatureManager Design tree select the Patient component. All faces of

the component are selected as Faces to Apply the Surface Source m . However, the
Patient component is partially submerged into the bed and some facesarenot in
contact with the fluid, so we need to remove such faces with filter.

3 Click Filter Faces . Select Keep outer faces and fluid-contacting faces and
click Filter.

4 Manually remove the face representing the
patient mouth by selecting it in the graphics
area. We need to exclude this face since there
isaboundary condition already specified at it.

5 Under Parameter specify Heat Transfer
Rate of 81 W.

6 Click oK % .

In the same way specify the surface heat source of 144 Wat all faces of the Caregiver
component. Use the Filter Faces tool to only select faces which are in contact with the
fluid. Since there is no boundary condition specified at the Caregiver component, you do
not need to manually exclude any faces.
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Other sources of heat are not represented by separate components, but by cuts and
extrudes made on the Room component. Use the tables bel ow as areference to specify the

remaining heat sources:

Type Surface Heat Source 7 \

Name SSHeat Transfer Rate 3

Faces to apply both inner faces of theRoom
component representing the
ceiling lights

Parameters:
Heat Transfer Rate of 120 W

Type Surface Heat Source

Name SS Heat Transfer Rate 4

Faces to apply inner faces of the Room
component representing the
TV set

Parameters:

Heat Transfer Rate of 50 W

Type Surface Heat Source

Name SS Heat Transfer Rate 5

Faces to apply inner faces of the Room
component representing the
hospital equipment

Parameters:
Heat Transfer Rate of 50 W
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Specifying Calculation Control Options

By default, calculation of comfort parametersis disabled in Flow Simulation to save the
CPU time and memory resources. Besides comfort parameters, Flow Simulationis
capable of calculating Local Mean Age (LMA) and Loca Air Change Index(LACI)
parameters:

« LMA isthe averagetime for fluid to travel from the selected inlet opening to the
point considering both the velocity and diffusion.

e LACI (Local Air Change Index) istheratio of the V/Q value, where Visthe
computational domain fluid volume and Q is the volume flow rate of the fluid
entering this volume, to the average time 7 for the fluid to travel from the selected
inlet opening to the point considering both the velocity and diffusion.

Calculation of comfort parameters, LMA and LACI can be enabled in the Calculation
Control Options dialog.

1 Click Flow Simulation, Calculation Control Options.

2 Switch to the Advanced tab.

3 Select the Calculate Local Mean Age (LMA)
and Calculate Comfort Parameters check
boxes.

D Selecting Calculate Local Mean Age (LMA)
check box enables calculation of LMA,
Dimensionless LMA and LACI.

4 Click OK.

Specifying Goals

Specify global goals of Av Mean Radiant 23R Goals
Temperature, Av Operative Temperature, Av
Velocity and Av Volume Fraction of Expired
Air.

GG Av Mean Radiant Temperature 1

GG Av Operative Temperature 1

GG Ay Welocity 1

GG Ay Wolume Fraction of Expired Air 1

EJYou can use M ean Radiant Temperature and Operative Temperature as the goal
parameters only after you enable calculation of comfort parametersin the Calculation
Control Optionsdialog.
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Adjusting Initial Mesh

1
2

Click Flow Simulation, Initial Mesh.

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

You can see that Flow Simulation determined the Minimum
gap size value as 0.012 m, which is equal to the width of the
face representing the patient’s mouth (12 mm).

Select the Manual specification of  [ZEIZED (7]
.. . Automatic Sellmgsl

the minimum gap wall thickness o

check box. I T T

You can see that the value of |

Minimum wall thickness,
determined by Flow Simulation, is
too small, which can lead to
unnecessary mesh refinement and
increased amount of memory

required for calculation. e

To avoid this, specify the value of e E|

MI nim um Wa” thiCkneSS equa] '[0 ™ Advanced narmow channel refinement IV Dptimize thin wals resotion
Minimum gap size of 0. 012 m o | it B S

Click OK to savetheinitia mesh
settings and close the dialog.

Setting Local Initial Mesh

17-8

To better resolve the complex geometry of the Caregiver and Patient components and
more accurately account the heat produced by the heat sources specified at these
components, we employ the locd initial mesh refinement.

1

2
3
4
5

6

In the FeatureManager Design Tree select the Caregiver and Patient components.
Click Flow Simulation, Insert, Local Initial Mesh.

Clear the Automatic settings check box. Go to the Solid/Fluid Interface tab.

Set Small solid features refinement level to 4.

Go to the Refining Cells tab. Select Refine fluid cells and set Level of refining fluid
cells to 2.

Click OK to save local mesh settings.

Run the calculation.



Results

Overview of Comfort Parameters

It isacommon practice to assess the performance of a ventilation system by some
standard criteria, named comfort parameters. With Flow Simulation you can simulate
various environments and get the values of comfort parameters, determining whether the
air quality and temperature are safe and comfortable for people working or living in these
environments. Later we will use Flow Simulation results processing tools to see and
analyze the values of comfort parameters obtained in the calculation.

The following two parameters are used to assess the ventilation system effectivenessin
contaminated air removing:

Contaminant Removal Effectiveness (CRE). This parameter is an index that
provides information on the effectiveness of a ventilation system in removing

contaminated air from the whole space. For a perfect mixing system CRE = 1.
Values above 1 are good, values below 1 are poor.

Local Air Quality Index (LAQI) isan index that provides information on the
effectiveness of a ventilation system in removing contaminated air from alocal
point.

The following severa parametersare used to estimate the ventilation system effectiveness
with respect to the therma satisfaction of people in the ventilated area:

Mean Radiant Temperature (MRT) is the uniform surface temperature of an
imaginary black enclosure in which an occupant would exchange the same amount
of radiant heat as in the actua non-uniform space.

Operative Temper atureis the uniform temperature of an imaginary black
enclosure, in which an occupant would exchange the same amount of heat by
radiation plus convection as in the actual non-uniform environment.

Draft Temper atureisthe difference in temperature between any point in the
occupied zone and the control condition. "Draft" is defined as any localized feeling
of coolness or warmth of any portion of the body due to both air movement and air
temperature, with humidity and radiation considered constant.

Air Diffusion Performance Index (ADPI) isthe percentage of the space in which
the air speed is less than 0.35 m/s and the Draft Temperature falls between -1.7 °C
and 1.1 °C.

[JNote: If Draft Temperature or ADPI is calculated as Volume Parameters, the

reference space or zone is the specified volume region. In all other cases the
whole computational domain is considered.

Predicted Mean Vote (PMV) isan index that predicts the mean value of the votes
of alarge group of persons on the 7-point thermal sensation scale, based on the heat
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bal ance of the human body. Thermal balance is obtained when the internal heat
production in the body is equa to the loss of heat to the environment.

slightly slightly
cold cool cool neutral warm warm hot
-3 -2 -1 0 +1 +2 +3

e Predicted Percent Dissatisfied (PPD) is anindex that providesinformation on
thermal discomfort or thermal dissatisfaction by predicting the percentage of people
likely to feel too warm or too cool in agiven environment.

Obtaining CRE Value

You can see the calculated value of the Contaminant Removal Effectiveness (CRE) in the
calculation results summary.

In the Analysistree, right-click the Results icon and
select Summary.

You can see the CRE of Expired Air value at the I
bottom of the Results Summary page, in the ;
Comfort Parameter s section. The valueof CRE of |
Expired Air is higher than 1, which means that the
ventilation system is reasonably effectivein
removing the contaminated air.

Mesh Dimensions My =26, Ny =16, Nz = 30
re [101232.97 Pa; 101324.92 Pa

m/s:1.193 més|

[18.48°C; 243,37 5]
i3 1,21 kgjm 3]
10132500 Pa

Volume Parameters

We can obtain the values of thermal satisfaction parameters with the Volume Parameters
results processing feature. However, we need to define the volume, in which the
parameters will be calculated. In our case, this volume is the entire fluid region within the
computational domain. We can easily create a component representing the entire fluid
region with the Check Geometry tool.
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1 Click Flow Simulation, Tools, Check Geometry. EETrT=m =]

Companents:

2 SelecttheCreate fluid body assembly check box = [oEE=EE | -
to create a new assembly including al fluid - Dt
regi ons of the model as solid c;ompongnts. The I% Cerese Enatle Al
fluid body assembly is stored in the Directory for Disable &1

temporary geometry, specified in the Flow
Simulation Options dialog, available by clicking
Tools, Options, Third Party, Flow Simulation

Options. I Enclude cavifies wihaul flow conditions
3 Click Check to create the fluid body assembly. .

When the operation iscompleted, closethe Check ¥ tieats i body assembiy

Geometry diaog. i:ﬂ:s type: Intemal Creck |
4 Save the Partl component from the newly created Flid ok

assembly as Fluid Volume.SLDPRT and add it to
the project assembly.

5 Click Flow Simulation, Component Control and Disable the newly added Fluid
Volume component. Click OK.

We also need to check the values of reference parameters. metabolic rate, external work,
closing thermal resistance and relative humidity, used to calculate comfort parameters
such as PMV and PPD. These reference parameters define the approximate heat power
produced by a human body depending on the activity and health condition, insulating
properties of the closing and humidity of the air.

1 Click Flow Simulation, Results, Default Reference Parameters.

2 SpECIfy MetabO“C rate Of Default Reference Parameters [7] ]
100 W n*2. Keep the other values default. e [Van |
Reference fluid termperature 195 °C
Ad!ust reference DIESSIIA[E ) O
(0 The closing thermal resistance of 0.11 K-m?/W A loence ooty and b
corresponds to a light working gnsembl e: light e ok ) e o] .,
underwear, cotton work shirt with long sleeves, [elsi-2 iy 5%
work trousers, woolen socks and shoes. The
definition of clothing insulation relates to heat [ |
transfer from the whole body and, thus, also N | = | =
includes the uncovered parts of the body, such as
head and hands.

EJThe relative humidity of 55% is typical for indoor conditions. If the relative humidity is
considered in the analysis (the Humidity option is selected in the General Settings),
the actual calculated value of the relative humidity is used as the reference parameter.

3 Click OK.
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Now we can use the Volume Parameter s feature to see the values of comfort parameters.

1 Inthe Flow Simulation Analysis tree right-click the Volume Parameters icon and
select Insert.

2 IntheFlyout FeatureManager Design tree select the Fluid Volume component.
Under Parameters click More Parameters. The Display Parameter s dialog appears.
Expand the Local item and select the following parameters:

* Mean Radiant Temperature,
* Operative Temperature,
*« PMV,
* PPD,
* Draft Temperature
* LAQI of Air,
* LAQI of Expired Air.
5 Click OK to close the Display Parameter s dialog.

6 IntheVolume Parameters dialog make sure that the selected parameters are also
selected as the Parameters to Evaluate under Parameters. Additionally select the
ADPI parameter.

7 Click Export to Excel. A spreadsheet with the selected parameters val ues appears.

Parameter Average Bulk Average |Volume [m3]
Mean Radiant Temperature [°C] 23.9847308| 23.9811646| 41.8581029
Operative Temperature [°C] 23.4965288( 23.4930785| 41.8581029
PMV [] 0.721211205| 0.720537619| 41.8581029
PPD [%] 17.0303015| 17.0086269| 41.8581029
Draft Temperature [K] 0.721984015| 0.718661076| 41.8581029

ADPI[%] | 63.4301412
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Cut Plots and Isosurfaces

To see how the quality of air with respect to the contained contaminant changes through
the room, we create a cut plot by the LAQI of Expired Air parameter at the distance of
1 mfromthefloor - i.e. slightly above the level of the patient’s head. The higher the value,
the less the concentration of the contaminant and better it is removed.

2.00
1.80
1.60
1.40
1.20
1.00
0.ao
0.80
0.40
0.z0

LAGIH of Expired Air []

Cut Plot 1: contours

The isosurfaces of PMV at 0, 0.25, 0.5, 0.75 and 1 allows us to estimate the level of
thermal comfort through the room - from 0 (normal) to +1 (slightly warm).

1.00
0.4a0
0.ao
070
0.80
0.40
0.40
0.30
0.z0
010
0

P []

Isosurfaces 1
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