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Chapter 1
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 its row you can see in which tutorial
examples this feature is used. Usually, the first entrance of the feature in the tutorial contains the
most detailed description. The tutorial examples are listed in Features List by their respective
numbers. All tutorial examples are divided in categories: e.g. First Steps, Intermediate,
Advanced, HVAC and so forth. Some of the Tutorials require certain license modules which are
marked at the beginning of the respective Tutorial.

Description of Examples . .......oitiitiiiiitiiiiiiiiiiiirneeerenrsnssnssnnes 11

Feature Description Table. ..........coitiiiiiiiiiiiiiiiiiinienrenrensannes 12

Description of Examples

The Tutorial examples are arranged in categories to support you doing a self paced training and
learning different aspects of Flow Simulation.

In the First Steps examples you will learn the basic principles of the Flow Simulation structure
and interface.

e Al - Ball Valve Design
e A2 - Conjugate Heat Transfer
e A3 - Porous Media

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

e Bl - Determination of Hydraulic Loss
e B2 - Cylinder Drag Coefficient

e B3 - Heat Exchanger Efficiency

e B4 - Mesh Optimization

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

e Cl1 - Application of EFD Zooming

SOLIDWORKS Flow Simulation, 2025 11



Features List
Feature Description Table

e (2 - Textile Machine

e (3 - Non-Newtonian Flow in a Channel with Cylinders
e (4 - Radiative Heat Transfer

e (S5 - Rotating Impeller

e (6 - CPU Cooler

e (7- 0Oil Catch Can

In the examples for HVAC module you can see how to use additional capabilities of Flow
Simulation to solve Heating, Ventilation, and Air Conditioning tasks. This functionality is
available for the HVAC module users only.

e DI - 150W Halogen Floodlight
e D2 - Hospital Room
e D3 - Pollutant Dispersion in the Street Canyon

In the examples for Electronics Cooling Module you can see how to use an additional
capabilities of the Flow Simulation to simulate a wide variety of electronic components. This
functionality is available for the Electronics Cooling module users only.

e EI - Electronic components

In the Parametric Study examples you can see how to use Flow Simulation to run variations of
the current design to obtain a characteristic curve or find the optimal design.

e FI - Design Optimization

Feature Description Table

Consult the table for an overview of the features covered in the respective examples.

First | Inter-- Advanced P| Modules
Steps | mediate S
AlA[A|B/B/B/B/C|C|CIC|CIC|C F DDDE
1/2{3(1|2(3|4/1(2|3[4|5|6/7|1|1|23|1

Dimensionality

2D flow X

3D flow X|X|x|X X|X[X|X[X|X|X|[X|X[X|X|X|X]|X

12 SOLIDWORKS Flow Simulation, 2025



Features List
Feature Description Table

First Inter-- Advanced Modules

Steps | mediate
AlAlAB/B|B/B C|C|IC|C
1/2/3(1{2(3|4 234

o)
ale)
=0
- e

D D D E
1/12/3|1

[

Analysis type

External analysis X X X X X

Internal analysis X|X|x|X X[ X|Xx|X|X X X| X X X

Physical Features

Steady state analysis | X | X|X|X|X|[X|X|X|X|X|X|X|X|X|X|X|X X

Time-dependent X X
(transient) analysis

Liquids X X|X|x X X

Gases XX X X|X|X X[ XX X X[X|X

Non-Newtonian X
liquids

Multi-fluid analysis

e Mixed flows X X

e Separated flows X X
(as Fluid
Subdomains)

Conduction X X X X X X X

No Fluid Flow X

QGravitational effects X X| X X

Laminar only flow X

Porous media X X

Radiation X X

e Absorption in X
solids

e Spectrum X

Roughness X

Two-phase flows X X
(fluid flows with
particles or droplets)

SOLIDWORKS Flow Simulation, 2025 13
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Feature Description Table

Inter--

mediate

B
1

B
2

B
3

B
4

Advanced Modules

- n

[

C CCC
2134

v A
AN
A

D D D E
2|3

[

Rotation

e Global rotating
reference frame

e [ocal rotating
regions

Conditions

Computational domain

Symmetry

Initial and ambient conditions

e Velocity
parameters

Dependency

Thermodynamic
parameters

Turbulence
parameters

e Concentration

e Solid parameters

Boundary conditions

e Flow openings

o [nlet mass flow

Inlet volume flow

Outlet volume flow

Inlet velocity

e Pressure openings

e Static pressure

e Environment
pressure

14
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Features List
Feature Description Table

First Inter-- Advanced Modules

Steps | mediate
AlAlAB/B|B/B C|C|IC|C
1/2/3(1{2(3|4 234

o)
ale)
=0
- e

D D D E
1/12/3|1

[

e Wall

o Real wall X X| x

¢ Boundary X X|x X| X X| X X
condition
parameters

Transferred boundary X
conditions

Fans X X X

Thermal resistances X

Perforated plates X

Volume conditions

e Fluid Subdomain X X

e Initial conditions

e Velocity X
parameters

e Dependency X

e Solid parameters X

Solid material X X X X X X X

e Semi-transparent X

e Porous medium X X

Heat sources

e Surface sources

e Heat generation X X X
rate

e Volume sources

e Temperature X X

e Heat generation X X X X
rate

e Goal-dependent X
sources

SOLIDWORKS Flow Simulation, 2025 15



Features List

Feature Description Table

Inter--

mediate

B
1

B
2

B
3

B
4

Advanced

[

C
2

C
3

Modules

- n

[

C
4

v A
AN
A

D D D E
2|3

Radiative conditions

e Radiation sources

e Radiative surfaces

Electronics module features (requires Electronics Coo

ling license)

components

o Two-resistor

e Heat pipe

board

e Printed circuit

Tracers (requires HVAC license)

Settings

e Tracer Study

e Surface sources

o Mass Flow

Project Definition

Wizard and Navigator

From template

Clone project

General settings

Copy project’s
features

Goals

Global goal

Surface goal

Volume goal

Point goal

Equation goal

16
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Feature Description Table

First Inter-- Advanced Modules

Steps | mediate

AlAlAB BB
1/2{3(1|2]3

- n

B/C/|CICIC/|CCICFDDDE
4/1/2|3(4|/5/6|7 112(3|1

Mesh settings
Global mesh

e Automatic settings

o Level of initial X X X X|x|x
mesh

Minimum gap size | X| X X X|X|X|X X| X X

Manual settings

Control planes X X X

Advanced X X X
refinement

o Channels X X

Local mesh

e Refining cells X X X|X|x|X

o Channels X | x X X| X

o FEquidistant X
Refinement

TOOLS

Dependency X X X

Custom units X X

Engineering database

e User-defined items x| x X X X X X

Check geometry X X

Gasdynamic calculator X

Toolbars X

Filter X

Component control X| X X| x| X X

SOLIDWORKS Flow Simulation, 2025 17
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Feature Description Table

First | Inter-- Advanced P| Modules
Steps | mediate S
AlAlA/B/B|B/B/C|C|C|C|ICIC|C F DDDE
1/2(3/1/2{3{4/1[2(3/4/5/6/7|1|1(2|3|1

Calculation Control Options

Finish conditions X

Solution adaptive X X

mesh refinement

Calculate comfort X

parameters

Running Calculation

Batch run X X X

Monitoring Calculation

Goal plot X

Preview X

Getting results

Cut plot X| X X X|X|X|X X|X|X

Surface plot X | X

Isosurfaces X X| X

Flow trajectories X|X|x X X X X

Particle study X X

XY plot X

Surface parameters X X

Volume parameters X

Goal plot X|X|X|X]|X X X X X

Display parameters X

Results summary X

Probe tool X

Display mode

e Show/Hide model X X | X

geometry
e Transparency X X
e Apply lighting X

18
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Feature Description Table

First | Inter-- Advanced P| Modules
Steps | mediate S
AlA[A|B/B/B/B C/|C|CIC|CIC|C/ F D DDE
12 1/2(3(4|1(2|3{4(5|/6{7|1|1(2|3]|1
Options
Use CAD geometry X
Display mesh X

SOLIDWORKS Flow Simulation, 2025
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Chapter 2
First Steps

The First Steps examples presented below demonstrate the basic principles of the Flow
Simulation structure and interface. Its strongly recommended to complete these tutorials
examples first.

e Al - Ball Valve Design
e A2 - Conjugate Heat Transfer
e A3 - Porous Media

Ball Valve Design . .....ovtiiiiiiiiiniienereeeresnsssessosnsssnsssnsssnns 22
Conjugate Heat Transfer ........ ...ttt iiiiiiiiiinneeeeorosnssansannns 68
Porous Media......cciiiiiiiiiiiiiiiiiiieieeneeneeneesesnecnscnscnsennns 117
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First Steps
Ball Valve Design

Ball Valve Design

This tutorial deals with the flow of water through a ball valve assembly before and after some
design changes. The objective is to show how easy fluid flow simulation can be with Flow
Simulation and how simple it is to analyze design variations. These two factors make Flow
Simulation the perfect tool for engineers who want to test the impact of their design changes.

Openingthe Model. . ......oiiiiiiiiiiiiiiiiiiiiii it iiieirnenenecannenenns 22
Creating a Flow Simulation Project. ..........ciiiiiiiiiiiiiiiiiiiiiinnenenns 23
Specifying Boundary Conditions .........coiuiiiiiiiiiiiiiiieiiirienenenenans 32
Specifying the Engineering Goal ............ociiiiiiiiiiiiiiiiiiieienennnnns 35
Specifying Mesh Settings. .. ...coiiiii ittt iiiiiiieieiieieenenenenennns 37
Running the Calculation........ ..ottt iiiiiiiiiiiiiiiiiitieieeannenenss 38
Monitoring the Solver ... ..ovt ittt iiitireenenecannenenns 39
Adjusting Model Transparency .........ociiiiiiiiiiitiieieieneeneenecneennes 42
Viewing Cut Plots. . . ..o o vttt it it tiiiiiiiiettensnenenncnnnnns 42
Viewing Surface Plots .. ......coiuiiiiiiiiiiii ittt iiitireneneeannns 49
Viewing Isosurface Plots .. .....coiiiiiiiiiiiiiiiiiiiii ittt iiieneennns 51
Viewing Flow Trajectories ........couitiiiiiiiiiiiiiiiiiiiieneenecneennennes 54
Viewing XY Plots. . ..ottt ittt iiiiiitiittitneeesenscnscnscnnns 57
Viewing Surface Parameters. .......c.citiiiiiiiiiiiiiriiieiiirirnenenecnnnens 60
Analyzing a Design Variantinthe Ballpart................. oo, 62
Cloning the Project .......coiuiiiiiiiiiiiiiiiiiineieeeeeeensenscnssnssnnns 65
Analyzing a Design Variant in the Flow Simulation Application.................. 67

Opening the Model

Open the model to begin.

Procedure

1. Copy the A1 - Ball Valve folder from the installation directory into your working
directory and ensure that the files are not read-only since Flow Simulation will save
input data to these files.

2. Click File > Open.

3. In the Open dialog box, browse to the ball valve.sldasm assembly located in the
Al - Ball Valve folder and click Open.

Alternatively, you can drag and drop the ball valve.sldasm file to an empty area of the
SOLIDWORKS window.
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Note
This is a ball valve. Turning the handle closes or opens the valve. The assembly

mate angle controls the opening angle.

4. Make sure that the default configuration is the active one.

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

— Note
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.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the ball valve.sldasm model
located in the A7 - Ball Valve\Ready folder and run the desired projects.

Creating a Flow Simulation Project

You use a wizard to create a Flow Simulation project.
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Creating a Flow Simulation Project

Procedure

1.

In the main menu click Tools > Flow Simulation > Project > Wizard.

Wizard - Project Mame

[L]) Computational Domain
M8 Compenent Contral
[y Fluid Subdomains
Fff Boundary Conditions

E: Fans
B4 Hest Sources
T Pocous Media
B Initial Condtions
B Gosk
T Local Initial Heshes
= O Resus
£ Cut Plots
> Surface Plots
2y Tsosurfaces
BB Flow Trajectories

[Foea

Conifuguration 1o add the paopect
Conifaguralior: e Cunreri

Configuration name: | defaul

¢ Back Cancel Hedp

Once inside the Wizard, type a new Flow Simulation project name: Project 1.

Note

D Flow Simulation will create a new project and store all data in a new folder.

Click Next.
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Creating a Flow Simulation Project

4. Choose the system of units (SI for this project).

Wizard - Unit Systern [
Urat st
Sylesn Path Cisritnerd
CES [ome-gs] Pre-Ciafined LGS femegs)
FPS [fdbes) Fre-Diefined FPS [fi-lb=s)
IFS [tz Fre-Diefined IFS [tz
NMM [mm-g-5) Pra-Diafined MMM [mm-g-z]
Sl [m-bog-s] Pre-Diefined Sl [m-bg-z)
Ug& Pre-Dedfined Uga
| [ Creste new 1 fkgr+) {mosdiied)
Decimals in resuls 15lunk A
Paramater unit display equals b3
1 |= Main
Prassure & siress Pa A2
Velocity m's 23
Mass kg A23
Length m 23
Ternperalure K A2
Physical time s A3
Darmantnns % 12 kit
€ >
ok | e [

Keep in mind that after finishing the Wizard you can change the unit system at any time
by clicking Tools > Flow Simulation > Units.

— Note

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

5. Click Next.
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6. Keep the default option Fluid Flow under Physical Features and select Internal
Analysis type under Geometry handling.

Wizard - Anabysis Type [ x

Priysical Faatures W
Fhuid Flow B4
Conduction O
Time-dependent O
Gravity O
Rotation O

O

Free surface

Geometry handling alue

Analysis type internal [
Geametry recognition CAD Booian e
Exclude cavities without =

caonditions.

<o | [Not> ][ concel || Heb

Note
We want to analyze the flow through the structure. This is what we call an internal

analysis. The alternative is an external analysis, which is the flow around an object.
In this dialog 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.

Not only will Flow Simulation 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 them is needed in this simple example.

7. Click Next.
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8. In the Fluids 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.

Wizard - Default Fluid 7 b4
bl
Fluids Path A Mew...
Oxygen Pre-Defined
Propane Pre-Defined
R1Z3 Pre-Defined
R134a Pre-Dafined
R22 Pre-Defined
RCHE Pre-Defined
4, Non-Hewtonian
Ligguids
t Compressible Liquids
# Real Gases - Add
Project Fluids Detaut Flukd Flemove
Wiater | Liguids ) E
Flow Characteristic Valse
Flow type Laminar and Turbulent o
Cavitation O
bl
< Back T

Note
Flow Simulation is capable of calculating flow of fluids of different types in 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.

Flow Simulation 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.

Note
Flow Simulation 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 Simulation can also handle low and high Mach number

compressible flows for gases. For this demonstration we will perform a fluid flow
simulation using a liquid and will keep the default flow characteristics.

9. Click Next.
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10. Click Next accepting the default wall conditions.

Wizard - Wall Conditions 7 *

Parameter Vale
Default wall thermal condition Adiabatic wal _v|
Roughness 0 micrometer

| <Back | [ Ned» | | Cancel Hep

Note
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.

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

Note
To set a heat transfer or roughness value for a specific wall, you can define a Real
Wall boundary condition.
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11. Keep the default settings for the initial conditions.

Wizard - Initial Conditions 7 >
Parameter Valse b
Parameter Definition User Defined [»]

= Thermodynamic Parameters
Paramefers Pressure, temperature v
Pressure 101325 Pa
Temperature 2912 K
= Vebocity Parameters
WVelocity in X direction 0hmis
Velpclty in Y direction 0 mfs
Velocky in Z direction 0 mis
# Turbulence Parameters

Note
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 knowledge of the expected
final values, we will not modify them for this demonstration.

12. Click Finish.

Results

Now Flow Simulation creates a new project with the Flow Simulation data attached.
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The Flow Simulation Projects tree and the Flow Simulation Analysis tree appears in the

Flow Simulation Analysis tab of the Manager Pane.

[E2 Projects
=- |F@ ball fileted
\..E5: Projectl

e
==

£5% Project 1

[_j@ Input Data

@ Mesh
E}-@a Results (Mot loaded)

------- @ Computational Domain
....... Fluid Subdomains

Notice that the new project has the name that you entered in the Wizard.

Go to the Flow Simulation Analysis tab and expand all the items in the Flow Simulation

Analysis tree.

e b —

Click o hide the Flow Simulation projects tree.
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Note
We will use the Flow Simulation Analysis tree to define our analysis, just as you use the

flyout FeatureManager design tree to design your models. The Flow Simulation Analysis
tree is fully customizable; anytime you can select which folders are shown and which folders
are hidden. A hidden folder becomes visible when you add a new feature of the corresponding
type. The folder remains visible until the last feature of this type is deleted.

£5% Project 1

E@. Input Data
------ @ Computational Domain

...... & Cut Plots

..... {} Surface Plots

...... £y Isosurfaces

------ £5 Flow Trajectories
...... ‘,':;” Partide Studies

...... ﬁ: Point Parameters
...... q@) Surface Parameters
...... Volume Parameters

...... ks v Plots
------ ﬁ Goal Plots
...... @ Report

------ @@ Export Results

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

£5% Project 1

[L]@- Input Data

E}-@E Results (Mot loaded)

The Computational Domain icon is used to modify the size of the volume being analyzed. The
wireframe box enveloping the model is the visualization of the limits of the computational

domain.
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Specifying Boundary Conditions

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

Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

£3% Project 1

E@- Input Data

oL []) computational Domain
..... Fluid Subdomains

..... Hf| Boundarv Conditions
- Fﬁ 'l Insert Boundary Condition. ..

2. Select the inner face of the Lid <1> part as shown.

To access the inner face, right-click the Lid <1> in the graphics area and choose Select
Other a3, move the mouse pointer over items in the list until the inner face is
highlighted, then click the left mouse button.

Select Other E
n Face@[3ide<1 >

[ Face@{Lid<1>]

Q&Lid::l:b

B Face@[Lid<1=]
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3. Select Flow Openings [ g | and Inlet Mass Flow.

&
-
=
m
b

Inlet Welociky
Cuklet Mass Flow
Ciuklet Walurme Flow
Cuklet elociky

4. Set the Mass Flow Rate g, to 0.5 kg5s.
Flow Parameters
@ (=)&)
: =l
%ID.E kogds — P

QE]- Mass Flow Rate i £

™ Fully developed flow

bl

5. Click OK «# .

The new Inlet Mass Flow 1 item appears in the Flow Simulation Analysis tree.

|':"|Ef]l B oundary Conditions
] Inlet Mass Flow

— Note
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. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

7. Select the inner face of the Lid <2> part as shown.
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To access the inner face, right-click the Lid <2> in the graphics area and choose Select
Other a3, move the mouse pointer over items in the list until the inner face is
highlighted, then click the left mouse button.

n Face@[3ide<Z >
O Face@{Lid<z>]

8. Select Pressure Openings || and Static Pressure.

Type =

B

Skakic F'r'Ee::::l_. Openings

Total Pressure

Keep the defaults under Thermodynamic Parameters, Turbulence Parameters,
Boundary Layer and Options.

Click OK «# .

The new Static Pressure 1 item appears in the Flow Simulation Analysis tree.

@- [hput Cata

- @ Computational Domain

Ehﬁ Boundary Conditions
P Inlet Mass Flow 1
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Note
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.

Specifying the Engineering Goal
Specify the engineering goal as part of your workflow.

Procedure

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

E|Eﬂ Boundary Conditions
!

....... ] Inlet Mass Flow 1

...... o= nals

o

@ 1 Insert Global Goals...

Eﬂ_,_ﬁa pesy  InsertPaint Goals...
&

Insert Surface Goals... k

Insert Volume Goals...
Insert Equation Goal. ..
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2. Click the Inlet Mass Flow 1 item to select the face where the goal is going to be applied.

B[R] e[|

=-F Boundary Conditions
!

------- m Inlet Mass Flow 1

- *s Tracer Studies
Eﬂ...@a Results (Mot loaded)

Il

¥ Surface Goals

R
Selection
@ |Face<1>atid-1

bl
3

)

Parameters “
Parameter {Min | Av |Ma |Bul | Use| =
Static Pressure O 00 O
Total Pressure O 00O
Dynamic Pressure O 00O

3. Inthe Parameter table, select the Av check box in the Static Pressure row. The already
selected Use for Conv. check box means that the created goal will be used for
convergence control.

Note
If the Use for Conv. (Use for Convergence Control) check box is not selected, the
goal will not influence the calculation 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 «# .

The new SG Av Static Pressure 1 item appears in the Flow Simulation Analysis tree.

EPE Goalz
- ?‘h SG Av Static Pressure 1
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Note
Engineering goals are the parameters of interest. Setting goals is a way of conveying

to Flow Simulation 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 as a
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 Simulation can consider the average value, the
minimum value or the maximum value of the goal. You can also define an Equation
Goal that is a goal defined by an equation involving basic mathematical functions with
existing goals and input data parameters as variables. The equation goal allows you to
calculate the parameter of interest (e.g., pressure drop) and keeps this information in the
project for later reference.

5. Choose File > Save.

Specifying Mesh Settings
You can specify the mesh settings as part of your workflow.

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Keep the default Automatic type.

|F2| Global Mesh Settings 7
o R

bl

Type

Automatic
Manual

Settings =
O 1 3 7
H

-

0.0093 m j

[T Advanced channel refinement

[~ Show basic mesh

[ Close Thin Slots

&
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3. Under Settings, accept the default for the Level of initial mesh 0.

4. Click Minimum Gap Size . Type the value of 0.0093 m for the Minimum Gap
Size.

Note
The Level of initial mesh is a measure of the desired level of accuracy of the results.

It controls the resolution of the geometry by the mesh. The higher the Level of initial
mesh, the finer the mesh will be. Entering the value for the minimum gap size is
important when you have small features. Accurately setting this value 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.

5. Click OK «* .

Running the Calculation

Run the calculation.

Procedure

1. Click Tools > Flow Simulation > Solve > Run.

Run E m
— Starty
g Run
¥ | tfesh ™| Take previous results
¥ Solve ﬂl
i+ Mew calculation Help |

| Continue zalculation

— Corez and memary uzage |

Fun at; IThis compLter j [T Cloge CAD

ze I[use all] vI Corefz)

— Resultz proceszing after finizhing the calculation

¥ Load results Batch Fiesults. . |

Note
The already selected Load results check box means that the results will be

automatically loaded after finishing the calculation.

2. Click Run.
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Note

D The solver takes less than a minute to run on a typical PC.

Monitoring the Solver

This is the solver monitor dialog box. By default, the /nfo dialog box, which displays all mesh
and solution information, including warnings or errors, and the Log dialog box, which lists each
step of the solution process, are displayed. Do not be surprised when the error message “A
vortex crosses the pressure opening” appears. We will explain this later during the

demonstration.

F: Solver: Project 1(Ball Valve SLDASM)
Eil= Calcudation Yiew |nzeit .yhdnw Help
s n > A BORE T
e mEE||e =[0]x]
| Parameles Ve | Message [ nexstons Date
Fluid cols 1576 Mizzh generabion slarled 16:44:55 . Apr
Fartial cells 2108 Mesh generaton romalle friched 164517 . Apr
Itesstions 3 Frepanng data for caloulalion 16:4519 . Apr
Last ilesstion hres, . 164535 Caleulaton sailed 164523, Ape
CPU tiene peer lagd .. D0:00002
Tiavels 0225
Itesations per 10r... | 40
Cpu e 0:0:14
Calendation me left 0-3: 28
Slatus Caleulstion
| |
‘W aiming
Mo wiarnirgs
I JL3 ) | KX | H
| Calculation [Merstionz: 9 s

Procedure

1. After the calculation has started and several first iterations has passed (keep your eye on

the Iterations line in the Info window), click the Suspend 'm | button on the Solver

toolbar.
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Note
We employ the Suspend option only due to extreme simplicity of the current
example, which otherwise could be calculated 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 @ on the Solver toolbar.

The Add/Remove Goals dialog box appears.
3. Select the SG Average Static Pressure 1 in the Select goals list and click OK.

Add/Remove Goals 7 x|

oK |
Cancel |
bk |

Static Pressure 1 '3 Surface

Help

Flat caption: Goal plat 1

m Goal plat 1

Fa ——————l%¥ (Fa

Absolute Scalefuto MinAuto Masx]
133885

129000
126000
123000
120000

117000
Iterations

113059 10 20 30 40 50
] &

Note
This is the Goals dialog box and each goal created earlier is listed in the table at top.

Here you can see the current value and graph for each goal as well as the current
progress towards completion given as a percentage. The progress value is only an
estimate and the rate of progress generally increases with time.
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4. Click Insert Preview it | on the Solver toolbar.
The Preview Settings dialog box appears.

ProviewSottings |

Definition | Settingsl Image .ﬁ.ttributesl Dptiu:unsl Hegiu:unl
k.

— Plane definition

Pl

Cancel
Flane name:
Help
Flane offzet;
—MinfMas mode———— [~ Mode
* Contours
£ Manual mindmax
" |zolines

& Auko mindmas
£ Yelocity vectars

5. To create a preview plot, you can select any plane from the Plane name list and then
press OK.

For this model, Plane2 can be a good choice.

ﬁ Pressure] Plane? GA0x480 Aute Update |

Pressure [Pa) —

Min=B0367.3 Pa Max=116498 Pa

lteration = 9 -
| Ld |§e

Note
The preview allows you to look at the results while the calculation is still running.

This helps to determine if all the boundary conditions are correctly defined and gives
the user an idea of how the solution will look even at this early stage. At the start of the
run the results might look odd or change abruptly. However, as the run progresses these
changes will lessen and the results will settle in on a converged solution. The result can
be displayed either in contour-, isoline- or vector-representation.
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6. Click the Suspend ﬂ button again to let the solver go on.

7. When the solver is finished, close the monitor by clicking File > Close.

Adjusting Model Transparency

You can adjust the model transparency.

Procedure

1. Click Tools > Flow Simulation > Results > Display > Transparency and set the
model transparency to 0.75.

Model Transparency [ x|

Walue to set:

0.75

|~ —

Ok, Cancel Help

2. Click OK «# .

Note
The first step for results processing is to 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.

Viewing Cut Plots

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

1. Inthe Flow Simulation Analysis tree, right-click the Cut Plots icon and select Insert.

M- InputData

...... 3 CutPloty

..... {) Surﬁm
...... £y Isosurfaces

...... £5 Flow Trajectories

...... ‘,':;” Partide Studies

...... ﬁ: Point Parameters

...... q@) Surface Parameters

...... Volume Parameters

...... ke v Plots
- #, Goal Plots

------ s Animations
------ @Q Export Results
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2. In the flyout FeatureManager design tree select Plane 2.

# Cut Plot =%
Sensors
@ x &f o Mokes
select o \ Planel
l[i_:l}hl l@J II@J IEJ \ Plane3
[IE‘_] Flane2 I" S
B (F) side<1> (Standard<...
b fom | Q& Side =2 = (Standard = <5t. ..
. —| % Ball<1 > (Standard<<st...
I
= Q& Handle<1 > (Standard<...
- W Lid<lz-»7 (Standard<<. .
= W Lid<z»-»7 (Standard<<..,
@ Contours i Groupi
Ty & (-} Sketchil
@J Isolines
U; Vectors

@J Mesh

7= | Streamlines

Contours

E IF‘ressurE

IL.
bl (2]l

2 10
9 '
[%J 30 profile
| Options ¥ |
| Crop Region ¥ |
3. Click OK «# .
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You will see the plot like the one shown below.
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Note
If you want to set up the color bar display options (change the color bar font,

background, etc.), right-click the color bar and select Appearance. To change the
color bar font, deselect Use default font and click il Then in the font dialog, select
the desired font, its size and color and click OK. Click OK in the appearance dialog.

Appearance —————————GE]|

— Teut

[ Use default fant \ﬁil-"-“-rial, 9
I Title IN::utitIe

[ Max number of values I-"l"-Ut'I'

v Plot names [ Plot Min/tax
— Palette zize
Height: 200
Width; |2'J
— Backaround
Colar; I 'I
Tranzparency: 1 —_—

Fezet to Default |

[ Apply to &l
(] | Cancel Help |
Note
You can set up the callout display options in the same way as the color bar
appearance.
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Note
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 as well as changing the min/max plot values. The best way to learn each of
these options is thorough experimentation.

' Color Bar 2
« ¥ 1=
Settings “
- IF‘ressure j
N [EEEITEEE j|£| A
[, [f%5763248Fa j|£| A
f# 10 =
LA |
|l]ul: of Range ¥ |

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.

E---@a Results
...... ﬁ tesh
EI?& Cut Plats
-

----- PO Edit Definition.. ||

------ % |zozurfz Hide

..... ig.; E:::CE Clear and Hide

...... N o

""" A% PantP pelate

------ @) Surface

------ Walume Plef—"' _

______ I’f:;e: 5 Plat Animatian...

------ He GoalPl Saveds.

LT cmono,
Properties. ..

SOLIDWORKS Flow Simulation, 2025

47

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



First Steps
Viewing Cut Plots

5. Under Display, clear Contours [® | and select Vectors [~2].

|22 Cut Plot 2
W R G 4=

| selection

e
«

bl

Display
Contours
Isolines
Vectors

7 | Streamlines

Mesh
2 ITransparent j _l

&

Vectors
22 [velocity =l

"%|n.nmm -
| TN RRNRERNINRRRREETTTTTT §
Afl [2007m -
| TN RRNRERNINRRRREETTTTTT §
T2 [0 =l
B =

|
] IFixed Color j !l

30 vectors
Gradient plot

| Options

&

&

| Crop Region

6. Under Vectors, select Static Vectors .

Note
D The vectors size and spacing can be controlled under Vectors.

7. Click OK «# .

48 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



First Steps
Viewing Surface Plots

You will see the plot like the one shown below.

Viewing Surface Plots

You can view surface plots.

Procedure
1. Right-click the Cut Plot 1 icon and select Hide.

2. Right-click the Surface Plots icon and select Insert.

>
....... ddy lsosurfaces
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Viewing Surface Plots

3. Select the Use all faces check box.

|<> Surface Plot 7
¥ =

Selection b3
NP4

¥ Use all faces

bl

Display

_-'__;‘ Contours
Isolines
Wectors
Streamlines
Mesh

Contours =

:. IF‘ressure j
F# 10 E

1A |
| options v
[Crop Region ¥ |

Note
The same basic options are available for Surface Plots as for Cut Plots. Feel free to

experiment with different combinations on your own.

4. Click OK «* .
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Viewing Isosurface Plots

You will see the plot like the one shown below.

— Note
This plot shows the pressure (or other parameter selected) 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.

Viewing Isosurface Plots

You can view isosurface plots.

Procedure
1. Right-click the Surface Plot 1 icon and select Hide.

2. Right-click the Isosurfaces icon and select Insert.

3. Keep the default value under Value 1.
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Viewing Isosurface Plots

4. Under Appearance, sclect Grid (£ and click OK .

You will see the isosurface like the one shown in the picture above.

Note
The Isosurface is a 3-Dimensional surface created by Flow Simulation at a constant

value for a specific variable.

5. Right-click the Isosurface 1 icon and select Edit Definition.
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Viewing Isosurface Plots

6. Enable Value 2 and specify some value in the appeared box that is different to the

Value 1.
&2y Isosurfaces 1
VI R
Parameter L
é IPressure j
Definition L
i* One by One
™ Number of Levels
Value 1 L
B [115657.449 P2 j
j ]
W value 2 N
P [102573.395 Pa j
a ]
[ value 3 W
Appearance L
& IPressure j E#:]
dg [0 =
! =
@ [0.003 m j
Crop Region hd
7. Click OK «# .
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Viewing Flow Trajectories

You will see the isosurfaces like the ones shown below.

— Note
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.

Viewing Flow Trajectories

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.

Procedure

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

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

=

...... ﬁ: Puaint Parameters
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Viewing Flow Trajectories

3. In the Flow Simulation Analysis tab click the Static Pressure 1 item to select the inner
face of the Lid <2>.

s

Eﬂ Boundary Conditions [
------- Eﬂ Inlet Mass Flow 1

Static Pressure 1

|':"| EE Goals
....... "R SG Av Static Pressure 1 -
%Iill??aleliﬂfl
|22 Flow Trajectories )
w ¥ =

bl

Starting Points

Face<1>@Lid-2

[ In plane

|1E
|n.nn1 m

Appearance
A

& IBands

i

bl

b, [0000Em

iy IF‘ressure j
gy [0

I E= By

o

| Constraints

&

| Crop Region

&

4. Set the Number of Points [3#| to 16.

5. Under Appearance, select Static Trajectories and set Draw Trajectories As -2 to
Bands.

6. Click OK « .
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You get flow trajectories like the ones shown in the picture below.

Note
For this plot we selected the outlet lid (any flat face or sketch can be selected) and
therefore every trajectory crosses that selected face. Notice the trajectories that are

entering and exiting through the exit lid. This is the reason for the warning we received

during the calculation. 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
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.

Viewing XY Plots

You can view XY plots.
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Viewing XY Plots

Procedure

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

We will plot velocity and pressure distributions along the valve using the already created
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 calculation is finished.

Take a look at Sketch I in the flyout FeatureManager design tree.
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Viewing XY Plots

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

%y plot i [ =3 =ensors

= E Mokes
w —Q Planel
—Q Planez
Selection A —Q Plane3

A —L origin
- ) side<1 > (Standard<...
F—"8 Side <2 (Standard<<st...
=8 Ball<1 > (Standard<<st...
Eﬂ—@ Mates in ball valve

PL,x II"«"Icu:IEI X j 2] sensors
LA Annotations

Parameters = —§E Material <not specifi...

all - —:§>\ Planel

Pressure _§>~ Planez

[ Temperature <3 Planes

O Density

Velogty

[ velogty (X)

[ velogty 1)

[ velodty (2)

[ Temperature (Fluid) 2

[ vorticity ol

gemse L

.};’x |I3I|:|I:|al Coordinate Spstem

[Mnre Parameters... ]

| Resolution ¥ |

| Options ¥ |

| Show |

| Export to Excel |

3. Select Sketchl from the flyout FeatureManager design tree.

4. Under Selection, select Model X as abscissa.

5. Under Parameters, choose Velocity and Pressure as Parameters.
Leave all other options as defaults.

6. Click Export to Excel.
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Excel will open and generate two columns of data points together with two charts for
Velocity and for Pressure, respectively. One of these charts is shown below. You will
need to toggle between different sheets in Excel to view each chart.

ball valve.sldasm [Project 3]

| —

—— St ch S e e et L

warld by fm i)

Micdal X jm)

7. Click OK «# .

Note
The XY Plot allows you to view any result along sketched lines. The data is put

directly into Excel or displayed as images in the bottom pane.

Viewing Surface Parameters

Surface Parameters is a feature used to determine the values of pressure, forces, heat fluxes as
well 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.

Procedure
1. Right-click the Surface Parameters icon and select Insert.
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Viewing Surface Parameters

2. Inthe Flow Simulation Analysis tab click the Inlet Mass Flow 1 item to select the inner

face of the Lid <1>.

Bl e <

£5: Project 1 o

Eﬂ% Input Data

...... @ Computational Domain
...... D'EE Component Control
...... Fluid Subdomains
=-F Boundary Conditions

|:—:|Ft Goals

...... *s Tracer Studies

El...&“ Results (1.fid)

.. JR SG Av Static Pressure 1

-
—

%5 @lels]

< Syrface Parameters

R

selection

bl

) |Face<1>atid-1

Parameters

bl

[w] al

[¥lPressure

[ Density

vl velogity

[wlvelogty (X}
[wlvelogty (1)
[wvelogty (2)

[ Temperature (Fluid)
[¥lshear Stress

| ) P -

=l
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 Options

&

| Show |

| Export to Excel |
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Analyzing a Design Variant in the Ball part

3. Under Parameters, select All.

4. 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 the right side.

Take a look at the local parameters.

Local Paramneter |Minimum  |Maximum | Average  |Bulk Average | Surface Area [m™2] |
Pressure [Pa] 135436 135612 135517 135517 0.0003
Density [kgim™3] 997,65 997,65 997,65 997,65 0.0003
welocity [m/s] 1.6 1.6 1.6 1.6 0.0003
welocity (%3 [m)s] 1.6 1.6 1.6 1.6 0.0003
Welocity (%) [m)'s] ] ] ] ] 0,0003
welocity (23 [ms] 5.7e-015 5.7e-015 |5.7e-015 |5.7e-015 0.0003
Temperature (Fluid [k]  293.2 793,72 793,72 793,72 0.0003

The average static pressure at the inlet face is shown to be about 135500 Pa. We already
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
34000 Pa.

6. Close the Surface Parameters dialog.

Analyzing a Design Variant in the Ball part

This section is intended to show you how easy it is to analyze design variations. The variations
can be different geometric dimensions, new features, new parts in an assembly — whatever! This
is the heart of Flow Simulation 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
there is no improvement, it will not be worth the extra manufacturing costs.

Create a new configuration using the SOLIDWORKS Configuration Manager tree.

Procedure

Right-click the root item in the SOLIDWORKS Configuration Manager and select
Add Configuration.
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Analyzing a Design Variant in the Ball part

2. In the Configuration Name box type ball filleted.

P"- Add Configuration
v R

Configuration Properties

bl

Configuration name:

| ball fileted

Description:

™ use in bill of materials

Comment:

=
[~

3. Click OK.

4. Go to FeatureManager design tree, right-click the Ball item and select Open Part 3.

LodBB® & 18 b

) & ]
% iall <1 = (Skandard & = Standard = Nizrnlane Sk

Q& Han % Invert Selection

% — Go To...

(ball)

@ o1 Hidden Tree Items r

Make Virtual
|% Configure Component
Isolate

Copy with Mates
Delete
Parent/Child...
Add to Favorites
Add to Mew Folder

X @

Component Display r
Fix J

Comment J
Material r

Create Mew Folder
Hide /Show Tree Items...
Collapse Items

»
W
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Analyzing a Design Variant in the Ball part

A new window Ball.sldprt appears.

Create a new configuration using the SOLIDWORKS Configuration Manager tree.

5. Right-click the root item in the SOLIDWORKS Configuration Manager and select
Add Configuration.

6. Name the new configuration as 1,35 fillet Ball.

7. Click OK «# .

P"- Add Configuration
v R

2

Configuration Properties =
Zonfiguration name:
| 1,5 Fillet Ball|
Descripkion:
Camment:
=
[+

8. Adda 1,5 mm fillet to the shown face.

SR e
w B
Marus Flletypeart
| Fillet Type 5
= Constant radus
£ Varsble ra
" Face flet
€ Ful round fillet
i_]_l:gmi'umt &
h, 1.50mm =
T Focect> ]

™ Multiple radius fllet
W Tangent propagation

& Ful preview
T Partal preview
" Mo preview
Setback Parameters ¥

| P

Q0 nE@ @6

" ball (1.5 et Ball<Display ...

R
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Cloning the Project

9.

10.

11.

12.

13.

Switch back to the assembly window and select Yes in the message dialog box that
appears. In the FeatureManager design tree right-click the Ball item and select

Configure Component [ .

In the Modify Configuration dialog box select the cell of the Configuration column
belonging to the ball filleted row and change the configuration of the Ball part to the
new 1.5 fillet Ball one.

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.

Activate default configuration by using the Configuration Manager tree.

E% ball valve Configuration(s) (ball fileted)
{ﬁl Tables
h'=® ball filleted [ ball valve ]

Select Yes for the message dialog box that appears.

Cloning the Project

Create a clone of the current project settings.
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Cloning the Project

Procedure

1.

5.
6.

Click Tools > Flow Simulation > Project > Clone Project.

Ex Clone Project

K

Project HName

}}dlv

IF'ru:uieu:t 2

Configuration
||I='a |5E|Ett j

@ Al
[/ default

bl

ball filleted

Options
[T Copy results

bl

In the Project Name, type Project 2.

In the Configuration to Add the Project |z list, select Select.
In the Configuration [Z list, select ball filleted.

Click OK «# .

Click Yes for each message dialog box that appears after you click OK.

Results

Now the Flow Simulation project we have chosen is added to the SOLIDWORKS 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 changes to the geometry will only be applied to this new configuration, so the old results are
still saved.

Follow the previously described steps for solving and for viewing the results.
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Analyzing a Design Variant in the Flow Simulation Application

Analyzing a Design Variant in the Flow Simulation
Application
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 kgs.

Procedure

1. Activate the Project 1 in the Flow Simulation Projects tree.

2. Create a copy of the Project 1 project by clicking Tools >
Flow Simulation > Project > Clone Project.

Project Hame
IF'ru:uieu:t 3

bl

bl

Configuration

||I='E' IUSE Current j
= Idefault

Options
[ Copy results

bl

3. Type Project 3 for the new project name and click OK «# .

Results

Flow Simulation now creates a new project. 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.

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 as we have just
done outweighed the extra costs, how would you do this? Engineers have to make decisions
such as this every day, and Flow Simulation is a tool to help them make those decisions. Every
engineer who is required 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.
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Conjugate Heat Transfer

This tutorial covers the basic steps required to set up a flow analysis problem including heat
conduction in solids. This example is particularly pertinent to users interested in analyzing flow
and heat conduction within electronic devices, although the basic principles are applicable to all
thermal problems.

It is assumed that you have already completed the Ball Valve Design tutorial since it teaches the
basic principles of using Flow Simulation in greater detail.

Openingthe Model. ..ottt iiiiiiiiiiieeeeeeeseososnsssnsannss 68
Preparingthe Model ...........iiuiiiiiiiiiiiiiiiieienneeeeosonnsennsannss 69
Creating a Flow Simulation Project......... ...ttt iiiniinnnnnnns 71
Specifyingthe Fan . ... ...ttt iiinriinneeeeosesnsssnsannns 79
Specifying Boundary Conditions ...........coiiiiiiiitiiiiiinereeorennsannns 82
Specifying Heat Sources ........cootiiitiiiiiiiiiieneresnsesessssasosnsannns 84
Creating Solid Materials in the Engineering Database ................... ... ..., 87
Specifying Solid Materials. .. .......iitiiiiiiiiiiiiiiiiieinerseasonnsannss 90
Specifying Engineering Goals. ... ...... ..ottt iiiirenoronnsannns 92
Specifying Mesh Settings. .. ..ottt inereseerssasssnsannss 99
Running the Calculation...........coiitiiiiiiiiiiiiiiiiirienenroenrennsannss 100
Viewingthe Goals ....... ..ottt iiiiiiiiiieeeresesesnsssnssssnsons 101
Goal’s Progress Bar. ... ....ciiiiiiiiiiiiietieeerennsesesssessssnsssnsannss 103
Adjusting Model TranSparencCy .......ccoeeeeeeeeneseoessosascsnscsnsssnnsons 104
Viewing Flow Trajectories .........coiiitiiiitiiiiiiiierenereensesnsssnnsons 105
Viewing Cut Plots. . . ... i it iiii it iiiiiiiiiiineteneseeosssnscsnsssnnsons 109
Using the Probe Tool........coiiiiiiiiiiiiiiiiiiiineenneessososnsssnsannns 113
Viewing Surface PIots ........iiiiiiiiiiiiiiiiiiiiiiiteeereensesnsssnanons 115

Opening the Model

You can open the model.

Procedure

1. Copy the A2 - Conjugate HT folder into your working directory and ensure that the files
are not read-only since Flow Simulation will save input data to these files.

2. Click File > Open to open the SOLIDWORKS model.

3. Inthe Open dialog box, browse to the assembly.sldasm assembly located in the
A2 - Conjugate HT folder and click Open.
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Alternatively, you can drag and drop the assembly.sldasm file to an empty area of
SOLIDWORKS window.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the assembly.sldasm model
located in the A2 - Conjugate HT\Ready folder and run the project.

Heat Sink
Inlet Fan p PCBs

Small Chips

Main Chip

Capacitors

Motherboard

Power Supply

Preparing the Model

In a typical assembly there may be many features, parts or sub-assemblies that are not necessary
for the analysis. Prior to creating a Flow Simulation project, it is a 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 flyout FeatureManager design tree. In this
tutorial we will simulate the fan by specifying a Fan boundary condition on the inner face of the
inlet lid. The fan has a very complex geometry that may cause delays while rebuilding the
model. Since it is outside the enclosure, we can exclude it by suppressing it.
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Procedure

1. In the flyout FeatureManager design tree, select the Fan-412, and all Screw components
(to select more than one component, hold down the Ctrl key while you select).

& B N s

l“%‘% D
[Euppress}

(@) fan-412<1> (Fan-412<Display State-1>] |

% (-) screw = 1> -»> (Default< <Default>_Appearance Display State =) |
% screw < 2> -= (Default< <Default=_Appearance Display State =)
% screw < 3> -= (Default< <Default=_Appearance Display State =)
% screw <4 > -= (Default< <Default=_Appearance Display State =)
% inlid<1> -> (Default<<Defaut> _Display State 1>)

2. Right-click any of the selected components and select Suppress |2 .

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

To save your time, we created the lids and included them in this model.

You just need to unsuppress them.

3. In the flyout FeatureManager design tree, select the In Lid, Out Lid and Hole Lid
components and patterns DerivedLPatternl and LocalLPatternl (these patterns contain
cloned copies of the outlet and screw hole lids).

4. Right-click any of the selected components and select Unsuppress 12

Results

PO -2 __

TS E

nsuppress

screw< 1> (Default)
(-) sqew<2 E;, d &
screv <3
(-) screw<4
%) (Jinlid<1> (Default)
% () outlid<1> (Defaut) |

f

% () hole lid<1> (Default) |
4 @@ MateGroup1

EE DerivedLPatternl |

EE LocallPattern1 |

Now you can start with Flow Simulation.

-
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Creating a Flow Simulation Project

You can create a Flow Simulation project.

Procedure

1. In the main menu click Tools > Flow Simulation > Project > Wizard.

2. Once inside the Wizard, type a new Flow Simulation project name: Inlet Fan.

Wizard - Praject Mame [ x

Irdst Fan |

Conifuguration 1o add the paopect
B Boundary Conditions Configurstiorc Uz Cumert =

* Fans .
E Canfiguration name: | defaul |

T Local Initial Meshes
= O Resus

BE Mesh

£ Cut Plots

> Surface Plots

2y Tsosurfaces

BB Flow Trajectories W

¢ Back Cancel Hedp

3. Click Next.

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

4. In the Unit system list select the USA system of units. Select Create new to add a new
system of units to the Engineering Database and name it USA Electronics.

Wizard - Unit Systern

[ Urat gipstea
Sylesn Path Cisritnerd
CGS [cmeg-s) Pre-Diedined CGS [cmeg-s)
FPS [ft-lb-s] Pre-D efined FPS [fi-lb=s)
IFS firvlbez) Fre-Diefined IFS firlbez]
MMM [mm-g-s) Pre-Dafred MMM [mm-g-5)
Sl [mekges) Pre-Diafined Sl Imekge)
UsA, Pre-Dedfined UsA
£ Creste new Hame: (S Elechiorics
Decimals in resuls 15lunk A
Paramater unit diapiay sauals 1o
= Main
Pressure & siress B2 123458
Vielocity fi's 123
Mass -] A23
Length fl 23
Termperalure 'F 12
Physical time S A23
Parmaninas B i b
> bl
ok e | [ o

Note

Flow Simulation allows you to work with several pre-defined unit systems but often
it is more convenient to define your own custom unit system. Both pre-defined and
custom unit systems are stored in the Engineering Database. You can create the desired
system of units in the Engineering Database or in the 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
as ft/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. Since the physical size of
the model may be relatively small it is more convenient to choose inches instead of feet
as the length unit.
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5. For the Length entry, double-click its cell in the Unit column and select Inch.

Wizard - Unit Systern [ x
Urat gt %
Syleen Path Ciwiner
CES [omeges] Prre-Ciadfined CES fomegs)
FES [fibes) Fre-Defined FFS (fi-lbrs)
IF5 findbrs) Fre-Dielned IFS finbrs)
NMM [mme-g-z) Pra-Diedirned HMM [mm-g-z]
Sl [mekgez] Pre-Dedfined Sl fmekogs)
Usa, Pre-Diefined LSA
(] Create new Harre: |US.& Elechionics
Decimals in resulls 1S5lung &
Parameter Unit display equals to
= Main
Pressure & siress bifn*2 123456
Welocdy firs 123
Mass L:) 423
Length vI A23
Temperature Weter [m]
Physical time Deni_mbar [dmi] i
e Centimeter [cm) i w
€ ilmeter [mm] > W
Wicrometer [micrometer]
. | Dekameter [dam] b —
| #Back | | Hestometer fhei | Hep
Kiomabar
el el
Foot [ft]
Hand [hand]
Link [§

6. Next expand the Heat group in the Parameter tree.
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7. Select Watt, Watt/meter”2, Watt/meter”2/Kelvin as the units for Total heat flow and
power, Heat flux and Heat transfer coefficient respectively, because these units are
more convenient when dealing with electronic components.

Wizard - Unit Systern [ x
Unit systemc b
Sylesn Path Cisritnerd
CES [ome-gs] Pre-Ciafined LGS femegs)
FPS [fdbes) Pre-Ciefined FPS [fl-s)
IFS finrltrs) Fre-Dielined IFS finrltrs)
NMM [mm-g-5) Pra-Diafined MMM [mm-g-5)
Sl [m-kge) Pr-Dresfirned Sl [m-kgrz)
LI5& PrerDedined L5a
[ Creste new Hame:  (USA Electionics
Decimals in results 15lunk A
Paramater unit display equals b3
= Heat
. Energy Blu A23456 009478
Total heat flow & W A2
Heat flux Wimrt2 1234 1
Heal releage par und BIWih*t 1234 0.0B65207
Standon number A234
Heat transter @v A2
Tharmal ragietance N 1794 b
€ > bl
| o] [

8. Click Next.

9. Under Physical Features select the Conduction check box in addition to the by default

pre-selected Fluid Flow option.
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Set the Analysis type under Geometry handling to Internal and click Next.

Wizard - Analysis Type

Priysical Features
Fluid Flow

Radiation
Time-dependent
Gravity

Rotation

OO000RIA &

Free surface

Geometry handling ke

Analysis type internal [
Geometry recognition CAD Bookean =
Exclude cavities without =

caonditions.

cBak | [ Nmi> | [ Cace | [ Hep

X

»

Note

Conduction is selected because heat is generated by several electronics 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.

10. Expand the Gases folder and double-click Air.

SOLIDWORKS Flow Simulation, 2025
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11. Keep the default Flow Characteristics.

Wizard - Default Fluid

Fluids Path
- Gases

= Pre-Definad
Acelong Pre-Defined
AFTnonEa Pre-Dafined
Argon Pre-Defined
Butana Pre-Defined
Carbon dioxide Pre-Defined
Chiarine Pre-Defined
Ethane Pre-Defined
Ethanal Pre-Defined

Project Fluids Defaul Fiukd

A [ Gases ) B

Flow Characteristic Valse

Flow type Laminar and Turbulent

High Mach number flow |:|

Humidity O

o

Cancel

Mew...

Add

Flemove

12. Click Next.

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

Wizard - Default Salid

Solkds Path
Solder (Fb 20%5Sn
10%;] Pre-Definedialoys
Solder (Sn E3%/Fo
379 Pre-Definedualoys
Solder (5n 56.5%/Ag
355 Pre-Definedaboys
Sdeel (Electrical
Resmiance) PrecDemadiloys
Steel (Mid) Pre-Definedisloys
Seal 5135 Pre-Definedubloys
Simel 616 Pre-Definedualoys
SHeal 9280 Pre-Defineduilioys
Simel 563198 Pre-Definedsboys

Siee| Stanless 302 Pre-DefinadiAlioys

| Steei Staniess 221 | Pre-Defineditoys

Building Waterials
Ceramics

+

Glasses and Minerals
IC Packages
interface Malerials

+

Drefault sobd | Steel Stainkess 321 [ Pre-Definad\Alloys |

o

Cancel

Help
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Note
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.

14. Click Next.

15. Select Heat transfer coefficient as Default outer wall thermal condition and specify
the Heat transfer coefficient value of 5.5 W/m”"2/K and Temperature of external
fluid of 50°F. The entered value of heat transfer coefficient is automatically converted
to the selected system of units (USA Electronics).

Wizard - Well Conditions 7 b4
FParameter Vale ¥
- Default outer wall thermal condition Heat fransfer coefficien |~
Heat transfer coefficsnt 5.5 Wi 20
Temperature of extennal fluid S0 F
Roughness 0 microanch

NV

¢ Back Cancel Help

Note
In the Wall Conditions dialog box of the Wizard you specify the default conditions

at the model walls. When Conduction is enabled in an internal analysis, 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 is located 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.

16. Click Next.

Although the initial temperature is more important for transient calculations to see how
much time it takes to reach a certain temperature, in a steady-state analysis it is useful to

SOLIDWORKS Flow Simulation, 2025 77



First Steps
Creating a Flow Simulation Project

set the initial temperature close to the expected final solution to speed up convergence.
In this case we will set the initial 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.

17. Set the initial fluid Temperature and the Initial solid temperature (under Solid
Parameters) to SO0°F.

Wizard - Initial Conditions 7 *
Parameter Valse ®
Parameter Definition User Definad L

= Thermodynamic Parameters
Parameters Pressure, temperature -
Frassure 14 6959473 blfin"2
Temperature S0°F
=1 Velocity Parametars
Parameter Vielocity w
Velpclty in X diraction 0 fs
Velocky in v direction 0 fiis
Velpckty in Z diraction 0 fs
# Turbulence Parameters
- Solid Parameters
intal s.0kd temperature S0 °F
Cocedinate System.., Dependency »
<Back | [ _Fmsh | | Concel Help

18. Click Finish.

Results

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

Click o hide the Flow Simulation projects tree.

Note
We will use the Flow Simulation Analysis tree to define our analysis, just as you use the
flyout FeatureManager design tree to design your models.

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

A Fan is one of the types of boundary condition that defines the flow. You can specify Fans on
the surfaces, free of Boundary Conditions and Heat Sources. At model openings closed by
lids you can specify Inlet or Outlet Fans. You can also specify fans on any faces within the
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 selected faces.

If you analyze a model with a fan, you should be familiar with 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 define your own Fan in
accordance with the fan specifications.

Procedure
1. Click Tools > Flow Simulation > Insert > Fan.
The Fan dialog box appears.

2. Select the inner face of the In Lid part as shown.
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Note

To access the inner face, right-click the In Lid in the graphics area and choose
Select Other, move the pointer over items in the list of features until the inner face
is highlighted, then click the left mouse button.

B Fan ?
&K
Type “

External Cutlet Fan
Internal Fan

Faces fluid exits the fan #

m Face < 1>@InLid-1

}zfvx |Fau:e Coordinate Spstem

Reference axis: Ix vI

Fan =
=- F'_re-D efired ;I
-- Fan Curves
E--.-’-‘-._:-:ial -
. - Papst
e Papst 412
: - Radial
B Uzer Defined
« | _>I_I

|Papst 412 |

[ Create/Edit... ]

Thermodynamic Parameters &

RS [14.6953473 bt/in2 = | £,
Environment Pressure

=

3. Under Type, select External Inlet Fan.

4. In the Fan list, under Pre-Defined / Axial / Papst, select the Papst 412 item.
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5. Under Thermodynamic Parameters check that the Environment Pressure R’z
corresponds to the atmospheric pressure.

6. Accept Face Coordinate System as the reference Coordinate system 1%, and X as the
Reference axis.

Note
% 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 system is normal to the face. The Face coordinate system is created
only when one planar face is selected.

7. Click OK «# .

The new Fans folder and the External Inlet Fan 1 item appear in the Flow Simulation
Analysis tree.

o Ff Boundary Conditions

E||_:|: Fans
- e[J3 Estemal Inlet Fan 1

Note
[ Now you can edit the External Inlet Fan 1 item or add a new fan using Flow

Simulation Analysis tree. This folder remains visible until the last feature of this
type is deleted. You can also make a feature folder to be initially available in the tree.
Right-click the project name item and select Customize Tree to add or remove folders.

£5% InletFan
B- Run...

5 @ v Automatic Rebuild
. Rebuid
Hide Global Coordinate System
Clone Project...
Create Template...
Delete Project...
Open Project Directory
Show Basic Mesh
Basic Mesh Color...

Note

By Since the outlet lids of the enclosure are at ambient atmospheric pressure, the
pressure rise produced by the fan is equal to the pressure drop through the
electronics enclosure.
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Specifying Boundary Conditions

A boundary condition is required 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 Ideal Wall condition that is an adiabatic, frictionless wall or a Real Wall
condition to set the wall roughness and/or temperature and/or heat conduction coefficient at the
selected model surfaces. For internal analyses with Conduction enabled, you can also set
thermal wall condition on outer model walls by specifying an Outer Wall condition.

Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

....... @ Computational Domain

@ Solid Materials

2. Select the inner faces of all outlet lids as shown.

& Boundary Condition

o K
Selection

@ |Face<1>goutLid-1
Face<1>@0ut Lid-2

bl

Face = 1=@0ut Lid-3

()

}zfvx |I3I|:|I:|al Coordinate Spstem
Reference axis: m

Type #

(&) | -

Sl =N Pressure Openings |

Static Pressure
Total Pressure

A\

3. Select Pressure Openings || and Environment Pressure.
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Note
% The Environment Pressure condition is interpreted as a static pressure for outgoing

flows and as a total pressure for incoming flows.

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

Click OK « .

The new Environment Pressure 1 item appears in the Flow Simulation Analysis tree.
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Specifying Heat Sources

You can specify the heat sources.

Define the Power Loss of the Main Chip.......... ..ottt iiiiiiiiiinnnnnns 84
Define the Thermal Characteristics of the Capacitors....................c0ven. 85
Define the Thermal Characteristics of the Small Chips and the Power Supply ...... 86

Define the Power Loss of the Main Chip
You can define the power loss of the main chip.

Procedure

1. Click Tools > Flow Simulation > Insert > Volume Source.

2. Select the mainchip from the flyout FeatureManager design tree to add it to the
Components to Apply the Volume Source g, list.

Selection ~ » % board<1= -= (Def...
% | mainchip-1@assembly * % pch<l - (Defaul...
» % pch<2= - (Defaul...
3 % capacitor=1=-= (...
3 % capacitor=z2=-= (...
3 % capacitor 3= -= (...
» % power <1 -= (Def...

Ref is: [
EIEIENCELIHE I-"{ 'I _ » % heat sink<1z-> (...
b E% mainchip::l:bliDeF...|

}zfvx IGI:::I::aI Coordinate Spstem

Parameter ~ -
- s r f\% smallchip<lz -2 (..,
-
k f\% smalchip<2= -= (...
5 =l a ; . i
[Heat Generation Rate | =1 b G smallchip<ai > (...

r % smallchip=<4> -= (...

3. Select the Heat Generation Rate [0f| as Parameter.

4. Enter 5 W in the Heat Generation Rate Q box.

9]

Click OK «# .

6. Inthe Flow Simulation Analysis tree, click-pause-click the new VS Heat Generation
Rate 1 item and rename it to Main Chip.

E|ﬁ)‘ Heat Sources
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Note
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
Sources in terms of heat transfer rate (e.g. in Watts) or heat flux (e.g. in Watts per area).

7. (Optional) Click anywhere in the graphic area to clear the selection.

Define the Thermal Characteristics of the Capacitors

You can define the thermal characteristics of the capacitors.

Procedure

1. In the Flow Simulation Analysis tree, right-click the Heat Sources icon and select
Insert Volume Source.

2. In the flyout FeatureManager design tree, select all three capacitor components.

Selection ~ v {8 board<1> - (Def...
% capacitor-2@assembly 4 % pcb<1z - (Defaul, ..
capacitor-3@assembly b % peb<2 -3 (Defaul. .

capacitor-1@assembly

3 _ff'fj u:apau:itu:ur::l:b-:b{...|

3 _ff'fj u:apau:itu:urq:z:b-:b{...|

3 _ff'fj u:apau:itu:ur::S:b-:b{...|

» % power <1 -= (Def...

Reference axis: I){ vI :| " % heat sink<1® == (...

barameter N r % mainchip<1 = (Def...
3 % smallchip<l= -=

ok {I++ T -
@ r % smallchip<2> -= (...
T I'IEIEI F Temperab_lreh j E 3 % smallchip <3z - (...

r % smallchip=<4> -= (...

}zfvx IGI:::I::aI Coordinate Spstem

3. Select the Temperature Tm| as Parameter and enter 100°F in the Temperature T
box. o

4. Click OK «# .

5. Click-pause-click the new VS Temperature 1 item and rename it to Capacitors.

6. (Optional) Click anywhere in the graphic area to clear the selection.
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Define the Thermal Characteristics of the Small Chips

and the Power Supply

You can define the thermal characteristics of the small chips and the power supply.

Procedure

1. Following the same procedure as described above, specify the other volume heat sources

as follows:

All chips on PCBs (Small Chip components) with the total heat generation rate of 4 W,

Selection L

% | smalichip-4@assembly ﬂ

smallchip-1@assembly
smallchip-3@assembly
smallchip-5@assembly
smallchiu-ﬁﬁlass_emblv LI

}szx IGI:::I::aI Coordinate Spstem
Parameter ~
Q | |

=l
Heat Generation Rate };l

Power with the temperature of 120°F.

Reference axis:

Selection L
Q& power-1Eassembly

}zfvx IGI:::I::aI Coordinate Spstem

r—

Reference axis:

Parameter L
T | [t

T |12IZI °F

Temperature H;[

-

% heat sink<l=-= (...
% mainchip<1 = (Def...
_ﬁ% smallchip<lz-= (...
_ﬁ% smallchip<2= -= (...
_ﬁ% smallchip<3= -= (...
_ﬁ% smallchip<4= -= (...
_ﬁ% smallchip<5= -= (...
_ﬁ% smallchip<gz -= (...
@ smallchip<7 > -= (...

@ smallchip<g> -= (...
fan-41Z<1= (Fan-...

(-1 screwe=1 = (Def,..

screw =2 = (Defaulk)

% pcb<l = - = (Defaul, .,
% pcb<Z» - = (Defaul, .,
% capacitor=1=-= (...
% capacitor=z2=-= (...
% capacitor 3= -= (...
% pu:uwer::l:b-}(DeF...|
% heat sink<l=-= (...
% mainchip<1 = (Def...
% smallchip<l > -= (...
% smallchip<2> -= (...
% smallchip=<3=> -= (...
% smallchip=<4> -= (...
% smallchip<g> -= (...
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2. Rename the heat source applied to the chips to Small Chips and the heat source for the
power supply to Power Supply.

Eﬁ/ﬁ Heat Sources
B MainChip
- Capacitors
. Small Chips
....... )‘ Power Supply

3. Click File > Save.

Creating Solid Materials in the Engineering
Database

The real PCBs are made of laminate materials consisting of several layers of thin metal
conductor interleaved with layers of epoxy resin dielectric. As for most laminate materials, the
properties of a typical 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 this tutorial 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 all directions to learn how to add a new material to the Engineering Database
and assign it to a part.

Procedure

1. Click Tools > Flow Simulation > Tools > Engineering Database.
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Caky
A

+

B

- Q Cuztom - Yisualization Parameters

®Z

[ FE

. Steam

Cities
Contact Electical Resistances

Contact Thermal Resistances

Fang
Heat Sinkz

b aterials

{) Compreszible Liquids
s Gases

0. Liquids

.ﬂ Maon-Mewtonian Liguids
- & Feal Gazes

-3 Solids

% Pre-Defined

b % Uzer Defined

Perfarated Plates

3. Click New Item |_|I_ on the toolbar.

The blank Item Properties tab appears.

2. In the Database tree select Materials / Solids / User Defined.

Double-click the empty cells to set the corresponding properties values.

Specify the material properties as follows:

Name = Tutorial PCB,

Comments = [sotropic PCB,

Density = 1120 kg/im"3,

Specific heat = 1400 J(kg*K),
Conductivity type = Isotropic,
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Thermal conductivity = 10 W/(m*K),
Melting temperature = 390 K.

Property Value
Name Tuterial PCB
Comments lzotropic PCB
Density 1120 kg/m™3
Specific heat 1400 Ji(kg*K)
Conductivity type lzotropic ~
Thermal conductivity 10 WIim*K)
Electrical conductivity Dielectric ~
Radiation properties |:|

= Melting temperature

Temperature 350 K

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

6. Switch to the Items tab and click New Item d on the toolbar.

7. Specify the properties of the chips material:

Name = Tutorial component package,
Comments = Component package,
Density = 2000 kg/im"3,

Specific heat = 120 I(kg*K),
Conductivity type = Isotropic,
Thermal conductivity = 0.4 W/(m*K),
Melting temperature = 390 K.

Property Value
Name Tutorial component package
Comments Component package
Density 2000 kg/m™3
Specific heat 120 Jikg*K)
Conductivity type lzotropic ~
Thermal conductivity 0.4 Wiim*K)
Electrical conductivity Dielectric ~
Radiation properties |:|

= Melting temperature

Temperature 350 K

8. Click Save E‘

9. Click File > Exit to exit the database.
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Note
You can enter the material properties in any unit system you want by typing the unit

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

Specifying Solid Materials
The Solid Material feature is used to specify the material for solid parts in the assembly.

Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Solid Materials icon and select
Insert Solid Material.

2. In the flyout FeatureManager design tree, select the Board, and both PCB <1> and
PCB <2> components.

selection ~ » % (Fyenclosure<1= (...
% |board-1@assembly 4 % board<1>-> ':DEF---|
pcb-2@assembly 3 % pu:l:u::l:=--:=-l{DeFauI...|
pcb-1@assembly =
» % pu:l:u::2:=--:=—l{DeFauI...|
3 % capacitor=1=-= (...
3 % capacitor=z2=-= (...
Solid e » % capacitor <3 - ..,
- Pre-Defined 3 % power <1 = - = (Def...
[=- Uzer Defined -
) 3 % heat sink<l=-= (...
i Tutarial component package -
¥ T utorial PCE ] % mainchip<1= (Def. ..
r % smallchip<l > -= (...
r % smallchip<2> -= (...
r % smallchip=<3=> -= (...
r % smallchip=<4> -= (...
r % smallchip<g> -= (...
Tutorial PCE [U Defined i i
I utoria [User Defined] = i v smallchip=g> - (...
[ Create/Edit... ] 3 % smallchip<?= -= (...

3. In the Solid list, expand User Defined and select Tutorial PCB.
4. Click OK «# .

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

e for the Main Chip and all Small Chips assign the new Tutorial component
package material (available under User Defined);
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e the Heat Sink is made of Aluminum (available under Pre-Defined / Metals);

e the lids (In Lid, Out Lid, Hole Lid and all lids in both the DerivedLPatternl and
LocalLPatternl patterns) are made of the Insulator material (available under
Pre-Defined / Glasses and Minerals).

To select a part, click it in the flyout FeatureManager design tree or SOLIDWORKS
graphics area.

6. Click File > Save.
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Specifying Engineering Goals

The Goals feature defines the desired parameters and allows the system to reduce the analysis
time if possible. These also provide monitor points during calculation.

Specifying Volume Goals. . ......oiiiiiiiiiiii it ittt iiiiieienenennns 92
Specifying Surface Goals. . ......ooiii ittt it it i ittt 94
Specifying Global Goals ...ttt iiiiiiieienenennns 98

Specifying Volume Goals
You can specify volume goals.

Procedure

1. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Volume Goals.

b ;ﬂ Goals
...@a Resul  Insert Global Goals...
Insert Point Goals...

Insert Surface Goals...

Insert Volume Goals... k
Insert Equation Goal...
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2. In the flyout FeatureManager design tree select all smallchip components.

Selection L
Q& smallchip-6@assembly ;I
smallchip-7 @assembly
[Tl [Tl il
[T Create goal for each component
Parameters L
Parameter |Mir|m|Ma}|Bqum|Us|;|
Density (Fluid) O
Mass (Fluid)
CAD Volume

Yolume [Fluid)
YVolume [Solid)
Velocity
Velocity [¥)
Velocity [¥)

Velocity ()
Mach Number

Dynamic Viscosity
Turbulent Viscosity
Turbulent Time
Turbulence Length
Turbulence Intensity
Turbulent Energy
Turbulent Dissipation
Temperature (Solid)
Owerheat above Meltin O
Mass (Solid)

OOooOooOooooooon
OooOoOoOooOoOoOoOn

DDEDDDDDDDDDDDDDDDDD
Ooooooooooooo

KEEEEERERE RS

b % (Frenclosure<1= {4 ..,
b % board<1 = -= (Default, ..
» % pcbel = - (Defaulk <.,
» % prh<2= - (Defaulk <.,
3 % capacitor 1= -= {Def..,
3 % capacitor =2 - = (Def,.,
» % capacitor <3 - = (Def...
» % power <1 = - (Defaul. ..
r % heat sink=1> -> (Res...
b % mainchip<1 = {Default, ..

b % smallchip<1 = -= (Def. ..

3 % smallchip <2 > - = (Def...

r % smallchip<3 > - = (Def...

b % smallchip<4 = -= (Def. ..

3 % smallchip<5 > - = (Def...

3 % smallchip<a > - = (Def...

3 % smallchip<7 > - = (Def...

3 % smallchip<a > - = (Def...

Fan-41Z<1= (Fan-412)
(-1 screwe =1 = (Default)
screw =2 = (Defaulk)
screw =3 = (Defaulk)
screw =4 = (Defaulk)

v 8 ()inlid<l - (Defa...

3. In the Parameter table, select the Max check box in the Temperature (Solid) row.

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

goal for convergence control.

5. Click OK.

The new VG Max Temperature (Solid) 1 item appears in the Flow Simulation

Analysis tree.

6. Change the name of the new item to VG Small Chips Max Temperature.

7. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert

Volume Goals.
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8. Select the mainchip item in the Flow Simulation flyout FeatureManager design tree.

10.
11.

®

Selection

mainchip-1@assembly

Fal

YVolume [Fluid)
YVolume [Solid)
Velocity
Velocity [¥]
Velocity [¥)

Velocity (Z)
Mach Mumber

Dynamic Viscosity
Turbulent Viscosity
Turbulent Time
Turbulence Length
Turbulence Intensity
Turbulent Energy
Turbulent Dissipation
Temperature [Solid)
Owerheat above Meltin O
Mass [Solid)

Ooooooooooooo
OOooooooooooooo
DDEDDDDDDDDDDDDDDDDD

Click OK «# .

VG Chip Max Temperature.

OOooOooOooooooon

KEEEEERERE RS

Parameters

Parameter |Mir'|m|Ma:-|Bth:A'.|Us|;|
Density (Fluid] O

Mass [Fluid)

CAD Volume

b % (Frenclosure<1= {4 ..,
r % board=1= -= (Default. ..
» % pcbel = - (Defaulk <.,
» % prh<2= - (Defaulk <.,
3 % capacitor 1= -= {Def..,
3 % capacitor =2 - = (Def,.,
3 % capacitor 3= - = (Def...
» % power <1 = - (Defaul. ..
r % heat sink=1> -> (Res...
b % mainchip<1 = (Default. .. |
3 % smallchip=1 > - = (Def...
3 % smallchip <2 > - = (Def...
3 % smallchip=<3 > - = (Def...
b % smallchip<4 = -= (Def. ..
3 % smallchip<5 > - = (Def ...
3 % smallchip<a > - = (Def ...
3 % smallchip<7 > - = (Def...
3 % smallchip <> - = (Def...
Fan-41Z<1= (Fan-412)

(-1 screwe =1 = (Default)
screw =2 = (Defaulk)
screw =3 = (Defaulk)

screw =4 = (Defaulk)

In the Parameter table, select the Max check box in the Temperature (Solid) row.

Rename the new VG Max Temperature (Solid) 1 item to

12. (Optional) Click anywhere in the graphic area to clear the selection.

Specifying Surface Goals

You can specify surface goals.
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Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Surface Goals.

E||:a Goals
..... Inzert Global Goals. ..
: Inzert Point Goals...

K |ngzert Surface Goals.. k
-
Ih=ert Walume Goals...

|nzert Egquation Goal...

Delete All

2. Click the Flow Simulation Analysis tab and click the External Inlet Fan 1 item to
select the face where the goal is going to be applied.

= B‘] Boundary Conditions -
| Efi Environment Pressure 1

. n)‘HaatSnur_es .
oS f
[les RS

“i, Surface Goals

Face<1>@In Lid-1

7|

Parameters ~
|Parameter || A | Max| Bul |use| «
Static Pressure Ol O
Total Pressure O 00O

3. Click the External Inlet Fan 1 item to select the face where the goal is going to be
applied.

4. In the Parameter table select the Av check box in the Static Pressure row.

5. Accept selected Use for Conv. (Use for Convergence Control) check box to use this
goal for convergence control.
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Note
Notice the X(Y, Z) - Component of Force and X(Y, Z) - Component of Torque

surface goals. For these you can select the Coordinate system, in which these goals
will be calculated.

. Under Name Template, located at the bottom of the PropertyManager, click Inlet <]

and then remove the <Number> field from the Name Template box.

. Click OK «# .

The new SG Inlet Av Static Pressure goal appears.

(Optional) Click anywhere in the graphic area to clear the selection.

. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert

Surface Goals.
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10. Click the Environment Pressure 1 item to select the faces where the goal is going to be
applied.

ffw—ﬁmm——i
i T Lids - Insulator
D Ei Boundary Conditions
! m Environment Pressure 1
D [:l+ Fans
[I2 External Inlet Fan 1

o e H
CERRE

i Surface Goals

v R
— ﬂ'i
) [Face<1>@0utLid-2
Face<1>@0utLid-3
Face<1>@0ut Lid-1
(¥
[T Create goal for each surface
.Faramelaen' ﬁ.i
Parameter [ vin | v [ Mz | Bl | use | &
Static Pressure OO0 (O -4
Total Pressure o o o
Dynamic Pressure OO0 OM
Temperature (Fluid) 0 OO O O M
Mean Radiant Tempe [ [ 0 |
Operative Temperat. (1 OO O OO0 M
Draught Rate Oogoig™
Density OO0 O™
Mass Flow Rate v
Volume Flow Rate O [wi
Velocity OO0 (O 4
Mach Mumber OO0 0™
Heat Flux OO0 [+
Hisat Flow %Y (mlim|im] Iﬁll
Name Template F3 |

[SE Dudlet <Patameter: |
)] (o) o)

11. In the Parameter table select the first check box in the Mass Flow Rate row.

12. Accept selected Use for Conv. (Use for Convergence Control) check box to use this
goal for convergence control.
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13. Under Name Template, located at the bottom of the PropertyManager, click Outlet [<p|
and then remove the <Number> field from the Name Template. o

14. Click OK «# .

The SG Outlet Mass Flow Rate goal appears.

Specifying Global Goals
You can specify global goals.

Procedure

1. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Global Goals.

Inzert Global Goals. .. k

Inzert Point Goals...

_____ Inzert Surface Goals...

|nzert Yolume Goals...
|nzert Egquation Goal...

Delete All

2. In the Parameter table select the Av check boxes in the Static Pressure and
Temperature (Fluid) rows and accept selected Use for Conv. (Use for Convergence
Control) check box to use these goals for convergence control.

Parameter =
Parameter [Min | & | Masx | Bulk Av|Use |«
Skatic Pressure |:| |:|

Total Pressure O OO
Cynamic Pressure [
Terperature [Fluid] |[]
Density O
Mass Flow Fate

O =IO
()i}

OOOOc
K & & & &[]

3. Remove the <Number> field from the Name Template and click OK «# .

98 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



First Steps
Specifying Mesh Settings

The GG Av Static Pressure and GG Av Temperature (Fluid) goals appear.

;ﬂ Goals
------ ?ﬁ VG Small Chips Max Temperature
...... ?ﬁ VG Chip Max Temperature
...... ﬁ SG Inlet Av Static Pressure
...... ﬁ 5G Outlet Mass Flow Rate
...... E-'E GG Av Static Pressure
...... E-'E GG Av Temperature (Fluid)

In this tutorial, 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.

4. Click File > Save.

Results

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

Specifying Mesh Settings
You can specify mesh settings.

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Keep the default Automatic type.

Hi| Global Mesh Settings 2
R

bl

Type
Automatic
Manual

Settings =
O; 1 3 7
H

-

|n.1 in j

[T Advanced channel refinement

[T Show basic mesh

L

[~ Close Thin Slots
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3. Under Settings, accept the default for the Level of initial mesh O.

4. Click Minimum Gap Size and enter 0.1 in for the Minimum Gap Size (i.e. passage

between the fins of the heat sink).

0.1

Note
Entering values for 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 cells in 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 Simulation 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 minimum
wall thickness if it is greater 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.

5. Click OK «# .

Running the Calculation

You can run the calculation.
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Viewing the Goals

Procedure

1. Click Tools > Flow Simulation > Solve > Run.

i+ Mew calculation

Help

Run E m
— Starty
i Run
¥ | tfesh ™| Take previous results
¥ Solve ﬂl

| Continue zalculation

— Corez and memary uzage

Fun at; I Thiz computer

ze I[use all] vI Corefz)

>| I Close CAD

— Resultz proceszing after finizhing the calculation

¥ Load results

Batch Results... |

2. Click Run.

It will take a few minutes to calculate this problem on a typical PC.

Note

You may notice that different goals take different number of iterations to converge.

The goal-oriented philosophy of Flow Simulation allows you to get the answers you
need in the shortest amount of time. For example, if you were only interested in the
temperature of fluid in the enclosure, Flow Simulation would have provided the result
more quickly than if the solver was allowed to fully converge on all of the parameters.

Viewing the Goals

You can view the goals.

SOLIDWORKS Flow Simulation, 2025
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Procedure

1. Inthe Flow Simulation Analysis tree under Results, right-click the Goal Plots icon and
select Insert.

E---@a Results

...... &k CutPlats

..... O Surface Plats

...... &Yy lsosurfaces

£33 Flow Trajectories
...... ‘,':;” Particle Studies

...... ﬁ: Paint Parameters
...... q@) Surface Parameters
...... [E] “olume Parameters
...... By v Plats

------ %, Goal Plots

B

2. In the Goals dialog, select AlL

' Goal Plot

o ¥ 49

Goals A

I I.-!'.II Goals j

2
WIGG Av Static Pressure

[WlGG Av Temperature (Fluid)
[¥ISG Inlet Av Static Pressure
[¥IsG Cutlet Mass Flow Rate

[WlvG Chip Max Temperature

WG small Chips Max Temperature

3. Click Export to Excel.

An Excel spreadsheet with the goal results will be open. The first sheet will show a table
summarizing the goals.
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Click OK.

Assembly.SLDASM [Inlet Fan]

Goal Name Unit Value Averaged Value |Minimum Value |Maximum Value
GG Av Static Pressure [Ibffin®2] 146968233 14.69681983 1469681366 146968233
S0 Inlet Ay Static Pressurd [Ibffin®2] 1469652943 1469652842 1469652457 1469653159
GG Av Temperature of Fluid [°F] 60,96909274 60 85853697 60,7394792 6098322376
SE Outlet Mass Flow Rate| [Ib/s] -0,007198853 -0,00719956 -0.007202107 -0,007197722
VG Small Chips Max Temg [*F] 8698115557 36.90565365 86,3595926 87.13962246
WG Chip Max Temperature [ [°F] 8846975564 88.24520891 867.88016106 8850827141

Results

You can see that the maximum temperature in the main chip is about 88.5 °F, and the maximum
temperature over the small chips is about 87 °F.

Goal’s Progress Bar

The Goal's progress bar is a qualitative and quantitative characteristic of the goal's convergence
process.

When Flow Simulation analyzes the goal's convergence, it calculates the goal's amplitude
excursion (Delta) over the analysis interval reckoned from the last iteration and compares the
calculated Delta with the goal's convergence Criterion, either specified by you or automatically
determined by Flow Simulation.

In this case the Delta is calculated as the minimum value from A, and A, where A, is the

difference between the maximum and minimum values of averaged values over the analysis
interval reckoned from the last iteration.

Analysis interval

The automatic Criterion is calculated using the following procedure:

e Over the whole interval from the iteration 3 to travel 1, the automatic criterion (Cry) is
calculated as the percentage V., from A, where A, is the difference between the
maximum and minimum values of current values over the analysis interval. In most
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cases, the percentage V., is set to 3%, but it can be corrected (increased up to 15%) in
the model cases.

e Also on each step starting from the first travel, the current criterion (Cr;) is calculated as

the percentage V., from A, estimated over the interval from the previous travel to the

cur
current one and then the average criterion (Cr,,) is calculated as a simple average from

all Cr; values.
e The Resulting Criterion is calculated as the maximum value from Cr,, and Cr,,.

The percentage of the goal's convergence Criterion to the goal's Delta over the analysis interval
is named Progress value and shown in the goal's convergence progress bar (when the goal's real
Delta becomes equal or smaller than the goal's convergence Criterion, the progress bar is
replaced by the word "Achieved"). Naturally, if the goal's real Delta oscillates, the progress bar
oscillates. Moreover, when a hard problem is solved, it can noticeably regress, in particular
from the "achieved" level. The calculation can finish if the iterations (in travels) required for
finishing the calculation have been performed, as well as if the goals' convergence criteria are
satisfied before performing the required number of iterations. You can specify other finishing
conditions at your discretion.

Adjusting Model Transparency

You can adjust model transparency.

Procedure

Click Tools > Flow Simulation > Results > Display > Transparency and set the model
transparency to 0.75.

Model Transparency |

“Yalue to set;

0.75

S

Ok Cancel Help

Results

The first step for results processing is to 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.
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Viewing Flow Trajectories

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

Procedure
1. In the Flow Simulation Analysis tree, right-click the Flow Trajectories icon and select
Insert.

...... % Flow Trajectories
e .
...... b Partic
...... A Point Pardmeters
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2. To select the inner face of the In Lid, click the External Inlet Fan 1 item in the Flow
Simulation Analysis tree.

“Ff| Boundary Conditions
[:l: Fans

- E]I External Inlet Fan 1

‘)‘ Heat Sources
%% Goals o

)

aese [T

T

A ITTITI I rres PP Ty e aaasaasad
W

AEIEIE

5
EZ Flow Trajectories 1 @
Starting Points A

Bl (&[] (]

[fl"b Face<1>@&in lid-1

EI Mesh Based Point Generation
[:l In plane

e 2
IE 0.354330709 in :

Appearance s
R

&% ]

=% Bands b

P, |0.0275590551 in =

&y Velocity | | B

& |° =
M |

3. Set the Number of Points | to 200.
4. Under Appearance, set Draw Trajectories as :2= to Bands.

5. From the Color by g, list select Velocity.
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Note
If a parameter is selected in Color by list, then the trajectories are colored in

accordance with the distribution of the parameter specified. If you select Fixed
Color then all flow trajectories will have a fixed color specified by you.

6. Click OK.

Results

The new Flow Trajectories 1 item appears in the Flow Simulation Analysis tree.

This is the picture you should see.

13,383
11,896
10,409
491
7435
5948
4 461
2974
1.487
i
Velocity [¥s]

Flow Trapectories 1

Notice that there are only a few 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 this PCB<2>.
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Right-click the Flow Trajectories 1 item and select Hide.

...... ., Particle Edit Defiritian..

""" e

...... surtace S nd Hide
...... Valume | flone
...... lﬁ";x #7Plat palets.

LR G P

______ @ Repart Animatior...

...... B Animatihs  Expaort,..
...... ﬁ Referer.  Save Ag...

Create Curves

Copy to Project...
Properties. ..

Click anywhere in the graphic area to clear the selection.

Let us now examine the velocity distribution in more detail.
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Viewing Cut Plots

You can view cut plots.

DefineaNew Cut Plot.........ciiiiiiiiiiitititirieireieeeeeeeeeeeeeeasaeasnnnns 109
Editan Existing Cut Plot. .. ......iitiiitiiiiiiiiiineenneeseoroensonnsannns 111

Define a New Cut Plot

You can define a new cut plot.

Procedure
1. Right-click the Cut Plots icon and select Insert.
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2. Under Selection, select XYZ Planes [ mode and then select XY Plane as the section

plane.

&k Cut Plot
vV X & M

Selection

@I‘f Plane
D):Z Plane
D\"Z Plane

B [Qin

Display

Contours
12 .

Isalines

Vectors

% | Streamlines

Mesh

Contours

P velocity

E! |1th-'s

E, |D ft/s

30

¥
i
3D profile

Under Contours, change the parameter to Velocity, then select Adjust Minimum and

Maximum |E_:]|

Change the Min and Max values to 0 and 10 ft/s respectively. The specified values
produce a palette where it is easier to determine the value.

Set the Number of levels ¢, to 30.

Click OK.

110

SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



First Steps
Viewing Cut Plots

Results

The new Cut Plot 1 item appears in the Flow Simulation Analysis tree.

10.000
9.
8462
7.692
6923
6.154
5.385
4615
i+ 31.846

3077
1308
1538
0.769
i

Welocity [fis]

CutPlok1: cor

Edit an Existing Cut Plot

You can edit an existing cut plot.

Let us now look at the fluid temperature.

Procedure
1. Right-click the Cut Plot 1 icon and select Edit Definition.
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2. Change the Offset . to -0.3 in.

& Cut Plot
W X W e

Selection L

(_) ¥Z Plane
{:l YZ Plane

4 b

|+ |.D.1sn
|

Display ta
Contours

|§j Isolines

Vectors

| & | Streamlines

Lﬁ_h‘lesh

Contours ~
® | Temperature ~ @
f* [120°F 5 .*;

> B SHFEI

fx |30 :

!:_\T 3D profile

Vectors ~

B =
24 | velocity w @
[T S
[, o =

w ﬁ:‘:tb"'TT"T'IT"'iTT' 'm&

3. Change the Parameter under Contours from Velocity to Temperature (Fluid).

4. Change the Min and Max values to 50 and 120 °F respectively.

5. Under Display, select Vectors E;J
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6. Under the appeared Vectors tab, make sure that Static Vectors E;J is selected and the

Parameter is set to Velocity, then select Adjust Minimum and Maximum @
7. Set the Max value to 1 fts.

— Note
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/5 in order to display areas of low
velocity.

8. Change the Spacing % to 0.18 in.

9. Click OK +# .

12000
11500
11000
105.00
10000
95.00
90.00
8500
80.00
75.00
70.00
65.00
60,00
55.00
30.00

Temparature (Flusd) [*F)

Cut Plol1: contours

Results
The adjusted Cut Plot is displayed.

Using the Probe Tool

You can utilize the Probe tool to display result values dynamically under the mouse pointer or
add Probes by clicking on the desired result plot in the graphics display.

Procedure

1. In the main menu click Tools > Flow Simulation > Results > Probe Mode > Probe.
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2. Move the mouse pointer across the result display to dynamically show the current result
value at this location.

12000
115.00
110,00
105.00
10006
95.00
30.00
§5.00
20,00
75.00
70.00
65.00
B0000
55.00
50,00

Temperature (Flud) [*F)

Cuit Plot 1: contours

3. By clicking on the plot a Probe tag is created with the current value.

12000
11500
11000
105,00
100,00
95.00
90.00
85,00
80.00
75.00
70.00
65.00
&0.00
55.00
0.00

Temperature (Flud) [*F)

Cut Plot 1: contours

Multiple Probes can be created in different locations.

By right-clicking a probe tag additional parameters can be selected and other settings
about the tag display can be adjusted.
Results

Probes are a helpful post-processing functionality to investigate the displayed result plots in
specific areas.

To hide all Probes click Tools > Flow Simulation > Results > Probe Mode > Display Probe
in the main menu.

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

Viewing Surface Plots

You can view surface plots.

Procedure
1. Right-click the Surface Plots item and select Insert.

2. In the flyout FeatureManager design tree click the Main Chip, Heat Sink and all Small
Chip components to select their surfaces.

Selection L

[:LJ;I Y

smallchip-1@assembly

smallchip-2@assembly

(ﬁ:: smallchip-3@assembly
smallchiu-ltﬁlass_emblv LI

[T Use all faces

Display L

Izl Contours
Isolines
Wectors
Streamlines
Mesh

Contours L

:. ITemperature [Solid) j
F# 30 E

L1 ]
Options hd
Crop Region hd

3. Under Contours, change the Parameter to Temperature (Solid).
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4. Change the Min and Max values to 50 and 120 °F respectively.
5. Click OK « .

6. Repeat steps 1 and 2 and select the Power Supply and all Capacitor components, then
click OK «# .

7. Click Wireframe on the Heads-Up View toolbar to show only the face outlines.

120,00
112,32
b 10444
L oo6 67
B8.89
B111
1333
B85 56
57.78
50.00
Termperatura (Salid) [*F|

Burface Plod 1: corours

Results

You can view and analyze the results further with the post-processing tools that were shown in
the Ball Valve Design tutorial. Flow Simulation allows you to quickly and easily investigate
your design both quantitatively and qualitatively. Quantitative results such as the maximum
temperature in the component, pressure drop through the cabinet, and air temperature rise will
allow you to determine whether the design is acceptable or not. By viewing qualitative results
such as air flow patterns, and heat conduction patterns in 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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Porous Media

In this tutorial we consider flow in a section of an automobile exhaust pipe, whose exhaust flow
is resisted 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 trajectories 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.

Openingthe Model. ...ttt iieeeeneesnnsosnsssnsannss 117
Creating a Flow Simulation Project.......... ...ttt iiiniennnennns 118
Specifying Boundary Conditions ...........cciiitiiiitiiiiitinereenrsnnsannns 121
Creating Isotropic Porous Medium in the Engineering Database ................. 124
Specifying Porous Medium . .........coiiiiiitiiiiiiiirinnreseorssassansannns 128
Specifying Surface Goals. .. ..ottt iiiiieenersensonnsannss 129
Specifying the Equation Goal . ........ ... ittt iiiirenersnnsannns 132
Specifying Mesh Settings. .. .....cotiiiiiiiiiiitiiiiiennreseerseasosnsannns 133
Running the Calculation...........coiiiiiiiiiiiiiiiiiiiirienereenrcensannss 134
Viewingthe Goals ....... ...ttt iiiiiiiiiieneresensesnscsnssssnssns 134
Viewing Flow Trajectories .........cciiitiiiitiiiiiiinreneresnsesnsssnnsons 135
Cloning the Project .......coiiutiiitiiiiiiietieiereeneesessosnsssnsssnsssnns 138
Creating Unidirectional Porous Medium in the Engineering Database............. 138
Specifying the Porous Medium - Unidirectional Type...........ccciiiiiinennn. 140
Comparing the Isotropic and Unidirectional Catalysts...............cccvvvinnn. 142

Opening the Model

You can open the model.
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Procedure

1. Copy the A3 - Porous Media folder into your working directory and ensure that the files
are not read-only since Flow Simulation will save input data to these files.

2. Click File > Open.

3. In the Open dialog box, browse to the catalyst.sldasm assembly located in the
A3 - Porous Media folder and click Open (or double-click the assembly).

Porous catalysts

Alternatively, you can drag and drop the catalyst.sldasm file to an empty area of
SOLIDWORKS window.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the catalyst.sldasm model located
in the 43 - Porous Media\Ready folder and run the desired projects.

Creating a Flow Simulation Project

You can create a Flow Simulation project.
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Procedure

1.

In the main menu click Tools > Flow Simulation > Project > Wizard.

Wizard - Praject Mame [ x

Froject )
Froject nams: Ischiopic

Comments:

B[ Input Data
[L]) Computational Domain
M8 Compenent Contral
[y Fluid Subdomains
B Boundary Conditions Configuralior: Lise Curmani v

Conifuguration 1o add the paopect

%,-' :::m“ Canfiguration name: | Defau

T Pocous Media

T Intisl Conditions

# Goak

T Local Initial Meshes
= O Resus

fiF Mesh

£ Cut Plots

> Surface Plots

2y Tsosurfaces

BB Flow Trajectories W

o | [ i

2. Once inside the Wizard, type a project name: Isotropic.

3. Under Configuration to add the project, keep Use Current.

Note
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 values, so you can either accept these values
(skipping the step by clicking Next) or modify them to your needs. These pre-defined
settings are:

e unit system — SI,
e analysis type — external, physical features — fluid flow,
e wall condition — adiabatic wall,

e initial conditions — pressure — 101325 Pa, temperature — 293.2 K.

Note
For this project these default settings suit perfectly and all what we need to do is just

to select Air as the project fluid. To avoid passing through all steps we will use
Navigator pane that provides a quick access to the Wizard’s pages.
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Creating a Flow Simulation Project

4. Click the arrow (3, at the right.

5. In the Navigator pane click Fluids.

‘Wizard - Project Mame T x

Project name: i{snunpoc

Comments:

= B Inputl [
[ Computationsl Doman @ r——
nE ::wcwd Configueation ta add the project
[} Beuriary Conditions Corfigurshion: Usn Csrert %

? Fars —

i Haat Sourons Corfigusaion name: (Dol
W Forous Medka . It condions
T Inkisl Condiions
# cos /e Frich
W Local Iratisl Mashes

5 O ress

B Mesh

Tk CutPlots

¥ Surface Plots

é lscaurfaces

5 Flow Trajectones

6. Open the Gases folder, click Air, then click Add.

Wizard - Default Fluid 7 oo
s Path A e | EEEEE
= Ganes 0
S — ]' 7 Project name
Aretons Fre-Defined U
Aammonia Pre-Diefined lﬂ s syihem
durgan Pre-Defined ;
Butane Pre-Defrned @ Maciud L
Cartes doide Pra-De g -
Chigring Pre-Defined h. Bhid;
Ethans Fre-Defined 11 Wl
Ethanol Pre-Defined v Add fr] e
Project Fluids Defaut Fluid Remove . Inkial condtions
Air | Gases ) =
."&&' Frith
Flow Charactanstic Value
Flow type Laminar &5d Turbubsnl -
High Mach mumber Bow [
Husmiidity [
| “
<Back Cancel Help

7. Since we do not need to change other properties we can close the Wizard.
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Specifying Boundary Conditions

8. Click Finish in the Navigator panel.

Note
D You can click Finish at any moment, but if you attempt to close Wizard without

specifying all obligatory properties (such as project fluids), the Wizard will not close

and the page where you need to define a missing property will be marked by the
exclamation icon A

Results

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

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

Specifying Boundary Conditions
You can specify boundary conditions.

Procedure
1. In the Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

@- [hput Data

....... @ Computational Domain

Inzert Boundary Condition...
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2. Select the inner face of the inlet lid as shown.

Select Other E

EFace@ans-LnfB@[hnusing<1>]
%hnusing{l:—
EFace@FiIIeB@[hnusing{lb]

E Face@Extrudel @[lid in<1>]
Iid in<l=

pp Face@Bxtrudel @[lid in<1=]

EFace@SheIIl@[hnusing{lb]
[l Edge@Boss-Loft3@[housing<1=]

3. Sclect Flow Openings [ | and Inlet Velocity.

Selection

b

()

m Face <1 =@Lid Inlet-1

}fbx IFau:e Coordinate Spstem
z

Reference axis: Ix - I

Type

#

Nl

Inlet Mach Mumber
ket Mass Flow
ket Wolurne Flow
utlet Welocity

Inl=t jFIu:uw Dpeningsi
Inlet Woldmme Flae

[

4. Set the Velocity Normal to Face y, to 10 ms4.

Flow Parameters

b

(D[Cars

Yelocity Mommal to Face F"""
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Specifying Boundary Conditions

5. Click OK +# .

Note
With the definition just made, we told Flow Simulation that at this opening air is

flowing into the catalyst with a velocity of 10 mys.

6. In the Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition. Select the inner face of the outlet lid as shown.

Select Other
E Face@Shelll @[housing<1=>]

g Face@Base-Extrude@[lid out<1=]

%”d out<1=

E Face@Base-BExtrude@[lid out<1=>]

7. Select Pressure Openings || and Static Pressure.

Type =

BH=

Environment] Prezsure Dpenings

Total Pressure

8. Keep the defaults under Thermodynamic Parameters, Turbulence Parameters,
Boundary Layer and Options.

9. Click OK «* .

Note
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.
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Creating Isotropic Porous Medium in the Engineering Database

Results

Now we can specify porous media in this project. To do this, first we need to specify the porous
medium’s properties (porosity, permeability type, and so on,) in the Engineering Database and
then apply this feature to the components in the assembly.

Creating Isotropic Porous Medium in the
Engineering Database

The material 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.

Procedure

1. Click Tools > Flow Simulation > Tools > Engineering Database.

2. In the Database tree select Porous Media / User Defined.

Database tree:

gy Cities
-*5 Contact Electical Resistances

@ Contact Thermal Resistances

- g Cuztom - Yisualization Parameters

Fanz

3

Ba Heat Sinks

b aterials

%

&
B

Perforated Plates

Porous Media

o
@

u Printed Circuit Boards

... Padistion Snacka

3. Click New Item D on the toolbar.

The blank Item Properties tab appears.
Double-click the empty cells to set the corresponding property values.
4. Name the new porous medium Isotropic.

5. Under Comment, click the o button and type the desired comments for this porous
medium. The Comment property is optional, you can leave this field blank.
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Creating Isotropic Porous Medium in the Engineering Database

6. Set the medium’s Porosity to 0.5.

Note
Porosity is the 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. Choose Isotropic as the Permeability type.

Note
First of all let us consider an Isotropic 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 as the Resistance calculation formula.

Note
For our media we select the Pressure Drop, Flowrate, Dimensions medium

resistance to flow, i.e., specify the porous medium resistance as k = APxS /(mXL) (in

units of s7), where the right-side parameters are referred to a tested parallelepiped

sample of the porous medium, having the cross-sectional area S and the length L in the
selected sample direction, in which the mass flow rate through the sample is equal to m
under the pressure difference of AP between the sample opposite sides in this direction.
In this project we will specify AP =20 Paatm = 0.01 kg’ (and AP = 0 Pa at m = 0 kg5),

S=0.01 m?, L =0.1 m. Therefore, k =200 s Knowing S and 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 = kxmxL/S.
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Creating Isotropic Porous Medium in the Engineering Database

9. For the Pressure drop vs. flowrate choose Mass Flow Rate.

' Engereenng Databane
[le Edt Miew Lné: Help

D e 8 XDH S

Dgtabane bae

i [ Battere:
i (8 Coleatad bockes
ol Cibes
¥ Y@ Cortect Electricsl Reistances
@ Coniach Themal Reustarces
Gl Custorn - Visuskoation Pacamsters
£k Fam
B Hest Sk
i ui LEDs
it Msteial
£t Manbvares
i [ Pefocsted Plates
£ 13 Pheaphe Paticles
T PourMeda
i W PreDsired

T, User Dicinet
i [l Protedd Crout Boach
& b Fadaton Pater:
W53 Radaton Specha
& [0 Pasiatve Sufaces
£ Saeble Orbas
83 Thesmoslectic Coolers
1 Tracen
i [E] TweRetish Comporents
i Liniy

T x
Bern  Bom Properten  Tables ard Curves
Proparty il
Haray L e 2
Commgsin
- Pouvasy Wsdi -
Py 1]
Peireabily it e w
Ofdalinze cakunlen isimua Preadurs Orop, Firarate, Desnions w
="y om
arew ol
Uns hurtasert acak O
U cald o FROOAEY O
U bl et Serialy 0
Hea? tosdutinty af sorsun rabio O

lsstrope

5 (nekg-g)

10. Click the o button to switch to the Tables and Curves tab.
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Creating Isotropic Porous Medium in the Engineering Database

11. In the Property table specify the linear dependency of pressure drop vs. mass flow rate
as shown in the picture below.

fems  lem Propaerties  Tables and Curves
Isotropic
Pressure difherence
Fa

2000

%ET

11

1o

667

am

0 kols
] ann33 an0eT 0.1
Q00w 0005 00083
PlaEs flow abe
| Best |
12. Go back to the Item Properties tab.
13. Set Length to 0.1 m and Area to 0.01 m’.

Property Value
Hame Isotropic
Comments El
Uodel Porous Media [»]
Parasity s )
Parmeabilty type Isotropic [»]
Resistance calculation formula Preégssure Drop, Flowrate, Dimensions El
Fressure drop vs. flowrate Mass Flow Rate [|
Lengih 0im
Area 001 m*2
Use turbulent scale O
Use calibration viscosity O
Use calibration density O
Heat conductivity of porous matric O

14. Click Save EH

15. Choose File > Exit to exit the database.

Results

Now we will apply the specified porous medium to the model components representing the
porous bodies.
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Specifying Porous Medium

Specifying Porous Medium

A porous medium is applied only to a component that is not treated by Flow Simulation as a
solid body. By default, all the components in the assembly considered are treated as solids. If
there is a component that is not supposed to be treated as solid, you have to disable it in the
Component Control dialog box. Components are automatically disabled when you assign a
porous media to them by creating the Porous Medium condition, so you do not need to disable
them manually.

Procedure

1. Click Tools > Flow Simulation > Insert > Porous Medium.

2. In the flyout FeatureManager design tree, select both of the Monolith components.

b

Selection

% | Monalith-1@Catalyst

Maonolith-2@Catalvsk

Dizable solid
= components

¥, Flangs
I—r Crigin

% [f] Catalyst Houzing< 1

W Lid Inlet< 1>
W Lid Dutlet<1s -
e . .

3. Expand the list of the User Defined porous media and select Isotropic. If you skipped
the definition of porous medium, use the Isotropic material available under

Pre-Defined.

Porous Medium

b

- Pre-Defined
B~ User Defined

IIsu:utru:upiu:

[ Create/Edit. ..

4. Click OK «# .
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Specifying Surface Goals

To obtain the total pressure drop between the model inlet and outlet, you can specify an
Equation Goal based on two Surface Goals.

Procedure

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

E@ Parous Media
R . % Parous Medium 1

o ;ﬂ Goalz
-@a Rew  Insert Global Goals...
Insert Point Goals...

Insert Surface Goals.. k

Insert Volume Goals...
Insert Equation Goal...
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Specifying Surface Goals

2. In the Flow Simulation Analysis tree, click the Inlet Velocity 1 item to select the inner
face of the inlet lid.

AR
:=’§_§é |zotropic -

[L]@- Input Data

....... @ Computational Domain

E|Eﬁ Boundary Conditions

" IR
L StatitPressure 1

E@ Porouz Media
N % Paorous Media 1

¥, Surface Goals

b

Selection

) |Face<i>@lidIn-1

|7

Parameter #
Parameter |Min |.ﬁ.v|Max|BuI|LI5||A
Static Pressure|[(] |1 [0 |
TotalPressure [ 00 (O
Dvnamic Pressc (] O] (O |
Temperature ol (] |1 0 |
Density O (OO0 O
Mass Flow Rate [
Yalume Flow R [

3. In the Parameter 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 |£|

Mame Template =

ISG Inlet <Parameter: <Mumber:

6. Click OK +# .

The new SG Inlet Av Total Pressure 1 goal appears.

130 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



First Steps
Specifying Surface Goals

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

8. In the Flow Simulation Analysis tree, click the Static Pressure 1 item to select the
inner face of the outlet lid.

MEEE]

=5 .
£20 |sotropic -

[L]@- Input Data

Bl [B=]

~[]] Computational Damain

E@ Parous =k—
N % Paorous Media 1

[N Y

¥, Surface Goals

Selection

b

) |Face<t>@lid out-1

N4

Parameter #
Parameter |Min |.ﬁ.v|Max|BuI|LI5||A
Static Pressure| (1 |1 1 [
Total Pressure (1 [(Z] 00 |01
Dvnamic Press (1 [ [ [
Temperature c (1 (1 [ [
Density O (OO0 O
Mass Flow FLat [
Yalurme Flow R [

9. In the Parameter table select the Av check box in the Total Pressure row.

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

11. Under Name Template, located at the bottom of the PropertyManager, click Outlet

[0,

b

Mame Template

ISG Outlet <Parameter: <Mumber:
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Specifying the Equation Goal

12. Click OK «# .

The new SG Outlet Av Total Pressure 1 goal appears.

Specifying the Equation Goal

Equation Goal is a 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 goals that 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 constants in the definition of the equation goal.

Procedure
1. Right-click the Goals icon and select Insert Equation Goal.

Eiﬂ Goalz
. Inzert Global Goals...
i Inzert Paoint Goals. ..
__@6 Fe  Insert Suface Goals...
Inzert Volume Goals...

Inzert Equation Goal...

Delete All

2. On the pane in the bottom of the screen click Add Goal ﬂ
3. From the Add Goal list select the SG Inlet Av Total Pressure 1 goal and click Add

ﬂ.
It appears in the Expression box.

4. Click the minus "-" button in the calculator.

5. From the Add Goal list select the SG Outlet Av Total Pressure 1 goal and click
Add ﬂ
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In the Expression box the resulting expression appears.

EH Y N | Equation Goal 1 | Pressure & stress “ W B @ X
Expression
{53 Inlet Av Total Pressure 1)-{SG Outlst Av Total Pressure 1} %G Inlet A Total Pressure 1
5G Outlet Av Total Pressure 1
g8 b ] + [ in =) mn min
4 5 B . 1 (e n a mas
1 2 3 2 b tan ] B average
a E : ! ¥ abs a
£] Use for convergence caontral
g X
Note

You can use goals (including previously specified Equation Goals), parameters of

input data conditions and constants in 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 Simulation
has no information about the physical meaning of the constants you use, so you need to
specify the Equation Goal dimensionality by yourself.

Note
To add an area or a volume of the model items (faces, components, etc.) as a

variable, previously create a corresponding goal on the desired surfaces or
components by using one of the following parameters: Area (Fluid), Area (Solid),
Volume (Fluid), Volume (Solid) and then add the created goal as a variable.

6. Make sure that Pressure & stress is selected in the Dimensionality list.

7. Click OK @.

The new Equation Goal 1 item appears in the Flow Simulation Analysis tree.

Specifying Mesh Settings
You can specify mesh settings.

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Keep the default Automatic type.
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Running the Calculation

3. Under Settings, accept the default for the Level of initial mesh 0O_ and the Minimum

Gap Size .

4. Click Show basic mesh to see the default basic mesh.

Click OK « .

Running the Calculation

You can run the calculation.

Procedure

1. Click Tools > Flow Simulation > Solve > Run.

i+ Mew calculation

Help

Run E m
— Starty
i Run
¥ | tfesh ™| Take previous results
¥ Solve ﬂl

| Continue zalculation

— Corez and memary uzage

Fun at; I Thiz computer

I [uze all] - I Corefz]

|Jze

>| I Close CAD

— Resultz proceszing after finizhing the calculation

¥ Load results

Batch Results... |

2. Click Run.

Results

After the calculation has finished, close the Monitor dialog box and start to examine the results.

Viewing the Goals

You can view the goals.
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Procedure

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

2. Select the Equation Goal 1 in the Goals dialog box.

Goals #
ST I.ﬁ.ll aoals j
# [l

[[]53 Inlet Av Tokal Pressure 1
[[]53 Cuklet &y Tokal Pressure 2
Equation Goal 1

PL,x IIteratiu:-ns

[

3. Click Export to Excel.

An Excel spreadsheet with the goal results will open. The first sheet will contain a table

presenting the final values of the goal.

Results

You can see that the total pressure drop is about 120 Pa.

catalyst.sldasm [Isotropic]

Goal Name Unit |Value Averaged Value |Minimum Value |Maximum Value
SG Inlet Av Total Pressure | [Pal 101506,4363 101507,7309 101505,5665 101512 5447
SG Qutlet Av Total Pressure | [Fal 1013829041 101383,1845 1013829041 1013583.7624
Equation Goal 1 [Pal] 123,5321503 124546383 1225939074 125,7823036

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.

Viewing Flow Trajectories

You can view flow trajectories.
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Viewing Flow Trajectories

Procedure
1. Right-click the Flow Trajectories icon and select Insert.
2. In the Flow Simulation Analysis tree click the Inlet Velocity 1 item.
This selects the inner face of the inlet lid.

BT <= |
E@- [rput Drata -

- @ Computational Domain - =

L
S

== Flow Trajectories

o ¥ 4=

Starting Poinkts

[IE‘_] Face<1>@Lid Inlet-1

bl

1 v, |

[T InPlane

E] |2n
|§| |n.nns m

Bl
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3. Under Appearance, from the Color by g, list select Velocity.

Appearance

bl

D.

=t

oy’

A

IBands j
|n.nn1 m j
| velocity |
0 m/s j 25
10 E
1 |
0 =
! =

o

4. Click Adjust Minimum/Maximum and Number of Levels [, and set the Max value

to 12 ms.
5. Click OK «# .

6. To see trajectories inside the porous media we will apply some transparency to the

model.

Click Tools > Flow Simulation > Results > Display > Transparency and set its value

to 0.175.

Model Transparency

Walue o sat

!

075

ok | concal Help
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Results

This is the picture you will see.

12
[me
96
L a4
1.2
8
a8
16
24

12

0
Welocity jmis]

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

Cloning the Project

You can clone the project.

Procedure

1. Click Tools > Flow Simulation > Project > Clone Project.

Project Name

bl

ILIniu:Iireu:tiu:unaI

Configuration

||I='a ILIse Current j
= IDefauIt

bl

Dptions

bl

[T Copy resulks

2. Enter Unidirectional as the Project name.

3. Click OK «# .

Creating Unidirectional Porous Medium in the
Engineering Database

The material you are going to create now is already defined in the Engineering Database under
the Pre-Defined folder. You can skip this step and select the pre-defined "Unidirectional"
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Creating Unidirectional Porous Medium in the Engineering Database

material from the Engineering database when assigning the porous material to a component

later in this tutorial.

Procedure

1. Click Tools > Flow Simulation > Tools > Engineering Database.

2. In the Database tree select Porous Media / User Defined.

[ atabaze tree:

H.

Iy e

~@ P E = N [ E

...

&

i

=]
=

o
o
[=]

Batteries

Celestial bodies

Cities

Contact Electrical Resistances
Contact Thermal Resistances
Cugtorn - Vizualization Parameters
Fansz

Heat Sinks

LED=

b aterialz

Membranes

Perforated Plates

Phosphor Particles

Porous Media

'fi’h Pre-Defined

Uzer Defined

Printed Circuit Boardz

R adiatine Patterns

3. On the Items tab select the Isotropic item.

4. Click Copy .

5. Click Paste %

The new Copy of Isotropic (1) item appears in the list.
6. Select the Copy of Isotropic (1) item and click the Item Properties tab.

7. Rename the item to Unidirectional.
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Specifying the Porous Medium - Unidirectional Type

8. Change the Permeability type to Unidirectional.

Property Value

Name Unidirectional

Comments

Model Parous Media w
Porosity 0.5

Permeability type Unidirectional ~
Resistance calculation formula Pressure Drop, Flowrate, Dimensions ~
Pressure drop vs. flowrate Mass Flow Hate

Length 01m

Area 0.01 m*2

Use turbulent scale
Uze calibration viscosity
Usze calibration density

Ooood

Heat conductivity of porous matrix

9. Save the database and exit.

Results

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

Specifying the Porous Medium - Unidirectional
Type
You can specify the porous medium.

Procedure
1. Right-click the Isotropic 1 icon and select Edit Definition.
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2. Expand the list of User Defined porous medium and select Unidirectional.

b

Porous Medium

- Pre-Defined
B~ User Defined
i | zotropic

ILIniu:Iireu:tiu:unaI j

[ Create/Edit. .. ]

Direction =

V. IGI:::I::aI Coordinate System

Direckion: I_ - I

Note
B If you skipped the definition of the unidirectional porous medium, use the

Unidirectional material available under Pre-Defined.

3. In the Direction, select the Z axis of the Global Coordinate System.

Note
Y 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 system in our case).

4. Click OK «# .

Results

Since all other conditions and goals remain the same, we can start the calculation immediately.
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Comparing the Isotropic and Unidirectional Catalysts

Comparing the Isotropic and Unidirectional

Catalysts

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

catalyst.sldasm [Unidirectional]

Goal Name Unit |Value Averaged Value [Minimum Value |Maximum Value
SG Inlet Av Total Pressure | [Pa]| 101501.903 1015046104 101501,903 101509,5779
SG Outlet Av Total Pressure | [Pa] | 101382 8965 1013831617 101382, 8965 101383, 7941
Equation Goal 1 [Pa] | 119.0064498 121.4487616 119.0064493 125,7638239

Display flow trajectories as described above.
12
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Comparing the trajectories passing through the isotropic and unidirectional porous catalysts
installed in the tube, we can summarize:

Due to 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 (especially the first catalyst body). In both the
cases the gas stream mainly enters the first catalyst body-closer to the wall opposite to 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 a result, the flow in the initial (about one-third of the body
length) portion of the first 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 a larger volume in the next part of the body than in the
unidirectional catalyst, which, due to its 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 bodies installed 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 a result, 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.

142

SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



First Steps
Comparing the Isotropic and Unidirectional Catalysts

Let us now consider the flow velocity inside the catalyst. This is easy to do since the flow
trajectories' colors indicate the flow velocity value in accordance with the specified palette. To
create the same conditions for comparing the flow velocities in the isotropic 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, there is no 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 a whole, is more uniform. In spite
of specifying the same resistance of the catalysts to flow, the overall pressure loss is 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.
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Chapter 3
Intermediate Examples

The Intermediate Examples presented below demonstrate how to solve engineering problems
with Flow Simulation, using some of the most common tasks as examples.

e B1 - Determination of Hydraulic Loss
e B2 - Cylinder Drag Coefficient

e B3 - Heat Exchanger Efficiency

e B4 - Mesh Optimization

Determination of Hydraulic Loss.........ciitiiiiiiiiiiiiiiiiiiiiineneennns 146
Cylinder Drag Coefficient. . ........ciiiiiiiiiiiiitiiiiiiiiirieneneeannenenss 183
Heat Exchanger Efficiency ........coiiiiiiiiiiiiiiiiiiiiiiiiinenreneennes 214
Mesh Optimization .........c.vtitiiiiiiiiiieiiieirienenreasocnesscnsncncnns 257
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Determination of Hydraulic Loss

Determination of Hydraulic Loss

In engineering practice the hydraulic loss of pressure head in any piping system is 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 loss in 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 always restricted due to their nature, especially
taking into account the wide variety of pipe shapes (not only existing, but also advanced) and
devices, as well as the substantially complicated flow patterns in 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.

Openingthe Model........oitiiiiiiiiiiiiiiiiiiii it iiitirneneneennnenenns 146
Model Description .. ...ovitiitiitiiiiiiiitiiiiieeeeeeeeeeensenscnscnscnnns 147
Perform an Internal Analysis . ......cooiuiiiiiiiiiiiiiiiiiiiiieneeneeneennes 148
Creating a Flow Simulation Project. ..........coiiiiiiiiiiiiiiiiiiiiinnenenns 150
Specifying Boundary Conditions .........coiuiiiiiiiiiiiiiiiieiiieirnenenanans 157
Specifying Surface Goals. . ......ooiiiiiiiiiiii ittt it it it 161
Specifying Mesh Settings. .. ...coiiii ittt iiiiiiiiiiieiieieeienenenennns 162
Running the Calculation........ ..ottt iiiiiiiiiiiiiiiiriiieieeennenenns 163
Monitoring the SoOIver .. .....iiiiiiiiiiiiiiiiiii ittt iiitenrenrsnrsnsannns 165
Cloning the Project .......coiuiiiiiiiiiiiiiiiiiineeneeneeneenscnscnssnnns 166
Viewing Cut Plots. . . ... oottt it iiiiiititeeeesenscnssnsannns 167
Working with Parameter List. . . ... ..ottt ittt iiiiiiieieneeannens 172
Viewingthe Goal Plot ........ ...ttt iiiiiiiiiiiiiiiiiiiiienrenrennnnnns 174
Working with Calculator ........ ..ottt iiiiiiiiiiiiiiiiiiineenrenrnnnns 176
Obtainthe Pure Local Drag .........oiiiiiiiiiiiiiiiiiiiiinrenrenrennennes 178
Cloning the Project (fully open position).......... ..ot iiiiiiiiiiiiieneennns 179
Changing the Geometry Resolution...............coiiiiiiiiiiiiiiiiniinrennns 179
Calculating the Total Pressure Loss. . . .....coviiiiiiiiiiiiiiiiiiineenreneennns 180

Opening the Model

Copy the B1 - Hydraulic Loss folder into your working directory and ensure that the files are
not read-only since Flow Simulation will save input data to these files.
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Procedure
1. Click File > Open.

2. In the Open dialog box, browse to the valve.sldprt model located in the
B1 - Hydraulic Loss folder and click Open (or double-click the part).

Alternatively, you can drag and drop the valve.sldprt file to an empty area of the
SOLIDWORKS window.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the valve.sldprt model located in
the B1 - Hydraulic Loss\Ready folder and run the desired projects.

Model Description

This is a ball valve. Turning the handle closes or opens the valve.

The local 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 is the ball-to-pipe diameter ratio
governing the handle angle at which the valve becomes closed:

De:as.:]

A= .:zrcsm[ZD

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 valve in our
case) and far downstream of it, where the flow has become uniform (undisturbed) again. In
order to extract the pure local drag the hydraulic friction loss in the straight pipe of the same
length must be subtracted from the measured dynamic head loss.
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Intermediate Examples
Perform an Internal Analysis

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 analysis represents a typical Flow Simulation internal analysis.

Note
Internal flow analyses deal with flows inside pipes, tanks, HVAC systems, etc. The fluid

enters a model at the inlets and exits the model through outlets.

Perform an Internal Analysis

To perform an internal analysis, all 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 a fluid must be fully closed. You simply create lids as additional
extrusions covering the openings. In this example the lids are semi-transparent allowing a view
into the valve.

Procedure

1. To ensure the model is fully closed click Tools > Flow Simulation > Tools > Check
Geometry.

2. Under Geometry handling, Analysis type select Internal.
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3. Then click Check to calculate the fluid and solid volumes of the model. If the fluid
volume is equal to zero, the model is not closed.

h Check Geometry s

x

State L
Component

= % valve ]

Options s
|:| Improved geometry handling
|:| Create solid body assembly

|:| Create fluid body assembly

| Check |

‘Show Fluid Volume
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Intermediate Examples
Creating a Flow Simulation Project

[ += @ X

Results

Status: SUCCESSFUL, Geometry is OK
Analysis type: Internal

Fluid velume: 0,.00301467 m~3

Solid velume: 0,.0226838 m*~3

Check completed

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

5. Close the Check Geometry dialog box.

Note
The Check Geometry tool allows you 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.

Creating a Flow Simulation Project

The first step is to create a new Flow Simulation project.

Procedure

1. Click Tools > Flow Simulation > Project > Wizard.

The project wizard guides you through the definition of a new Flow Simulation project.
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Creating a Flow Simulation Project

2. In the Project Name dialog box, type a new project name: Project 1.

Wizard - Project Mame

T Local Initial Meshes
= O Resus

BE Mesh

£ Cut Plots

> Surface Plots

2y Tsosurfaces

BB Flow Trajectories

[Foea

Conifuguration 1o add the paopect
Configurstion: Use Curment

Configurstion risme: |40 degiees - sho valve

Cancel

Help

Note

Each Flow Simulation project is associated with a SOLIDWORKS configuration.

You can attach the project either to the existing SOLIDWORKS configuration or

create a new SOLIDWORKS configuration based on the current one.

3. Click Next.
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Intermediate Examples
Creating a Flow Simulation Project

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

Wizard - Unit Systern [ x
5| Unit spstemc s

Sylesn Path Cisritnerd

CES [ome-ges] Pre-Ciafined LGS femegs)

FPS [fdbes) Fre-Diefined FPS [fi-lb=s)

IPS [l Pre-Defined IFS [inrlbes)

NMM [mm-g-5) Pra-Diafined MMM [mm-g-z]

Sl [mekog-s) Pra-Diafined Sl fmrkg-s)

usa, Prre-Dedfirwed Usa,

[[] Craste new 51 [m-kges] imodifed)
Decimals in resuls 15lunk A
Paramater unit display equals b3
(= Main
Pressure & alress Pa A2
Velocity m's 23
Mass kg A23
Length m 23
Ternperalure K A2
Physical time s A3
Darraninne % 19 il
€ > bl
< Back | Nest » | Cancel | | Hep

For this project use the International System SI by default.
5. Click Next.

6. Inthe Analysis Type dialog box you can select physical features you want to take into
account (e.g. heat conduction in solids, gravitational effects, time-dependent problems,
surface-to-surface radiation, rotation, etc.).

Under Geometry handling settings like Internal or External analysis type can be
defined.
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Creating a Flow Simulation Project

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

Wizard - Anabysis Type [ x

()
Phiysical Faatures =
Fluid Flow
Conduction

Gravity
Rotation
Free surface

Wl
||
a
Time-dependent O
a
a
a

Geometry handling ke
Analysis type internal [
Geametry recognition CAD Bockean =
Exclude cavities without =
caonditions.

| <Bak | [ Net> | Cancel Help

Specify Internal analysis type under the Geometry handling section and accept the
other default settings including pre-selected Fluid Flow physical feature.

7. Click Next.
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Creating a Flow Simulation Project

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

1tem.
Wizard - Default Fluid 7 *
bl
Fluids Path A Mew...
Oxygen Pre-Defined
Propane Pre-Defined
R1Z3 Pre-Defined
R134a Pre-Dafined
R22 Pre-Defined
RCHE Pre-Defined
4, Non-Hewtonian
Ligguids
+ Compressible Liquids
# Real Gases - Add
Project Fluids Defaut Fluid Hemove
Water | Liquids ) B
Flow Characteristic Valse
Flow type Laminar and Turbulent o
Cavitation O
bl
< Back Eana| [

Note
Engineering Database contains numerical physical information on a wide variety
of gas, liquid and solid substances as well as radiative 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.

9. Click Next.
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Creating a Flow Simulation Project

10. Since we 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.

Wizard - Wall Conditions 7 *

N Parameter vale 2
Default wall thermal condition Adisbatic wall v

Roughness 0 micrometer

| cack | [ Net> || Concd | | Hew

For this project accept the default Adiabatic wall feature denoting that all the model
walls are heat-insulated.

11. Click Next.
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Creating a Flow Simulation Project

12. In the Initial Conditions dialog box specify initial values of the flow parameters. For

13.

steady internal problems, the specification of these values closer to the expected flow
field will reduce the analysis convergence time.

Wizard - Initial Conditions 7 *
Parameter Valse !
Parameter Definition User Defined [»]

= Thermodynamic Parameters
Paramefers Pressure, temperature o
Pressure 101325 Pa
Temperature 22K
[ Velocity Parameters
Velgcky in X direction b mis
Velpclty in Y direction 0 mis
Velocky in Z direction 0 mis

# Turbulence Parameters

[F ] [ cwe | [ e

Note

For steady flow problems Flow Simulation iterates until the solution converges. For
unsteady (transient, or time-dependent) problems Flow Simulation marches in time

for a period you specify.

Note

For this project use the default values.

Click Finish.

The Flow Simulation Analysis tree 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 Simulation features.
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Specifying Boundary Conditions

At the same time, a computational domain appears in the SOLIDWORKS graphics area
as a wireframe box.

Note
The Computational Domain is a rectangular prism embracing the area inside which

the flow and heat transfer calculations are performed.

Specifying Boundary Conditions

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

Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

Select Other E

2. Select the Inlet Lid inner face.

The selected face appears in the Faces to Apply the Boundary Condition Ny list.
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Specifying Boundary Conditions

3. Under Type in the Type of Boundary Condition list, select the Inlet Velocity item.

& Boundary Condition 7

</

}zfvx |Fau:e Coordinate Spstem
Reference axis: Ix vI

Type #

B

Inlet Mass Flow
Inlet Volume Flow

Cutlet Mass Flow
Cutlet Volume Flow

Cutlet Velocity
Flow Parameters %
(DCEY
vV [Tmis j E

™ Fully developed flow

|Thermndvnamic Parameters ¥ |

| Turbulence Parameters ¥ |

|B-mmdarvl_aver ¥ |

4. Under Flow Parameters, click the Velocity Normal to Face }, edit box and set its
value equal to 1 m/s (type the value, the units will appear automatically).

5. Accept all the other parameters and click OK «# .

This will simulate water flow entering the valve with the velocity of 1.0 ms.
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6. Select the Outlet Lid inner face.

®E R

[HESE I -
Zoom/Pan/Fotate "
Recent Commands "

Face

§53 | 3D Sketch On Plane

Expoit 1o D=F f DWGE
[ | Live Section Flsne
;E. e

B | Changs Transparency
Feature [Outlet Lid)

Comment "
Parent/Chid .,
BE Configure featue
X | Delete.
Body
|solabe:
Featureihorks... [
Ingest Boandary Condion...  » Ermaronment Pressune
. Irezest Fan [ Iribet M azs Flow
Inezeat Sawlface Goaks... Outlet M azs Flow
Iridet Wohume Flow
E Duglet Vokume Flow
Irdet Welocity
Dutlet Wedogily
 Othes..

Note
Before the calculation starts, Flow Simulation checks the specified boundary

conditions for mass flow rate balance. The specification of boundary conditions is
incorrect if the total mass flow rate on the inlets is 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 velocity 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.

7. In the 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 Ny list.
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8. Under Type, click Pressure Openings |@| and in the Type of Boundary Condition
list, select the Static Pressure item.

&) Boundary Condition 7

bl

Ty

pe — —
& @)

Environment Pressure

Thermodynamic Parameters 5

P [101325Pa j E
T [2332K j E
| Turbulence Parameters ¥ |
| Boundary Layer ¥ |

9. Under Thermodynamic Parameters, accept the default values for Static Pressure p
(101325 Pa), Temperature 1 (293.2 K) and all the other parameters.

10. Click OK «# .

Results

By specifying this condition we define that at the ball valve pipe exit the water has a static
pressure of 101325 Pa.

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

AP
p v /2

where p is the water density, and V is the water velocity. Since we already know the water

velocity (specified by us as 1 m/5) and the water density (998.1934 kg/in3 for the specified

temperature of 293.2 K), then our goal is to determine the total pressure value at the valve’s

inlet and outlet. The easiest and fastest way to find the parameter of interest is to specify the

corresponding engineering goal.

g
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Specifying Surface Goals

You can specify surface goals.

Procedure

1.

In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Surface Goals.

LR Gl

o
: Inzert Global Goals...
___@a Fresult hsert Global Goals

Inzert Point Goals...

|nzert Yolume Goals...

Select the inner faces of the Inlet Lid and the Outlet Lid (this can be done easily by
holding down the CTRL key and clicking the corresponding boundary conditions in the
Flow Simulation Analysis tree).

Selection

Eﬁ Face<2>

Face<l:=

bl

|7

¥ cCreate goal for each surface

Parameter =
Parameter [Min | v | Mazx | Bulk Av|Use | «
Skatic Pressure O 00 O

Total Pressure O Wi O
Drvnamic Pressure O OQg d
Temperature of Floid | 1|1 (]

3. Select Create goal for each surface check box to create two separate goals, i.e. one for
each of the selected faces.

4. Inthe Parameter table select the Av check box in the Total Pressure row.

5. Accept selected Use for Conv. check box to use the goals being created for convergence
control.

6. Click OK «# .
The new SG Av Total Pressure 1 and SG Av Total Pressure 2 items appear in the
Flow Simulation Analysis tree.
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Results

Now the Flow Simulation project is ready for the calculation. Flow Simulation will finish the

calculation when the steady-state average value of total pressure calculated at the valve inlet and
outlet are reached.

Specifying Mesh Settings
You can specify the mesh settings.
Procedure

1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Keep the default Automatic type.

| %] Global Mesh Settings |
W K

Type

Automatic
Manual

Settings
o 1 3 7
= 2

= |D.E|4m =l

bl

bl

- Advanced channel
refinement

[~ Show basic mesh

[T Close Thin Siots

&

3. Under Settings, accept the default for the Level of initial mesh 0O _.

162 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Intermediate Examples
Running the Calculation

4. Click Minimum Gap Size and enter 0.04 m for the Minimum Gap Size.

Note
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 Minimum

wall thickness have to be specified manually.

5. Click OK «# .

Running the Calculation

You can run the calculation.

Procedure

1. Click Tools > Flow Simulation > Solve > Run.

The Run dialog box appears.
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2. Click Run to start the calculation.

F: Meth Generation: 40 degress - tho valve[Valve SLOPRT)
(Ede Coloation Miew Inset Window Help
s u > 2RO iie ¥
| Mestage Niviitiorr: Date Pavarant o H"N.u
Mlesh garerabion slated 151323 Ma | | Fld colis TE4E
Patial celds o ]
Cpa e 0:0:5
Casloniation tene laft
Shahst Muich capherg
i |
| wiaming
Mo wamings
4] T | | X | |
i 2 (B teq
Rieady T 7

Results

Flow Simulation automatically generates a computational mesh by dividing the computational
domain into slices, which are further subdivided into cells. The cells are refined if necessary to
resolve the model geometry properly. During the mesh generation process, you can see the

current step in the Mesh Generation dialog box.
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Monitoring the Solver

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.

F' Solved: A0 degiee: - thodt valvelYalve SLINFRT]
Fie Coloulstion View  [Inaert w Help
mona O @R

| Mestage Niviitiorr: Date [if 1 H"-’ah-
Mlesh garershion slated 171323 Ma | | Flsd calis TE4E
Mlesh generstion noomaly freshed 152216, Ma | | Patiad cels e
Frapedndg dals o calaulsben TEERVT  Maw || Ibar st 14
Caboulstion slaed o 17:2330 , Mar | | Last iberation finis 172348
CPU by post st . OO OCHCR2
Tramwels 0%
Iberptions per 1tr,, 29
Cipia by 0:0:3
Calovdstion e left 0:4: 39
Stahsz Caleidaton
4] il
| waming
S ——
1] I 3| | EX | |
i S (@ Lo ) _
Ready | | Calcidation lerabiors: 14 2

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 the pressure opening” appears to
inform you that there is a vortex crossing the opening surface at which 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 all. 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 is also expedient to attach the ball
valve inlet pipe to 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.

You can easily extend the ball valve inlet and outlet sections by changing the offset distance for
the Inlet Plane and Outlet Plane features. Instead, we will simply clone the project to the pre-
defined 40 degrees - long valve configuration.
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Cloning the Project

You can clone the project.

Procedure

1.

Click Tools > Flow Simulation > Project > Clone Project.

Ex Clone Project

XK

bl

Project Name
IF'ru:uieu:t 2

Configuration #
||I='a |5E|Ect j

[ All
[[]/ 00 degrees - long valve
[ 40 degrees - short valve
40 degrees - long valve

Options
I Copy results

bl

2. Inthe Project Name, type Project 2.
3. Inthe Configuration to Add the Project |z list, select Select.
4. Inthe Configuration [Z list, select 40 degrees - long valve.
5. Click OK.
6. Confirm the both warning messages with Yes.

Results

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.
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In the Flow Simulation Analysis tree, right-click the root Project 2 item and select Run

£5¢ Project 2
. .

@ v Automatic Rebuild

= Rebuild

_______ Hide Global Coordinate System
. Clone Project...
Create Template. ..

E?R Delete Project. ..

Open Project Directary

Show Basic Mesh

Basic Mesh Caolar. ..

Customize Tree...

Then click Run to start the calculation.

When the calculation is finished, close the Solver Monitor dialog box.

Viewing Cut Plots

Let us now see the vortex notified by Flow Simulation during the calculation, as well as the total
pressure loss.

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

The Cut Plot dialog box appears.

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

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

2. In the flyout FeatureManager design tree, select Plane2.
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Its name appears in the Section Plane or Planar Face [} list.

&b Cut Plot
W

Selection ~
5@
o |

b jom =
L

" i

Display e

-
Cantaurt

ary | _
£ 1sotines

ﬁ Vectors
& | Streamlines

BH | Mesh

Contours L

B | velocity (9 «||E]

_;.".. | Global Cocdnate Sustem |

fz (10 v

g 3

% | 3D profile

Vectors ~
'fj‘\"'

-‘J' Velocity L

3';( 0012 m

1ﬂj 0,02 m
fe oo :

[] Loarithmic scale

-

& | Fixed Calor ~ W
£ | 30 vectors

* 4| Gradient plot

3. Inthe Cut Plot dialog box under Display, in addition to displaying Contours [® |, select
Vectors [27].

4. Under Contours, select the Velocity (X) as the displayed parameter.

5. Under Vectors, set the Vector Spacing %, to 0.012 m and the Arrow size 4ff to 0.02 m.
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Click OK « .

The new Cut Plot 1 item appears in the Flow Simulation Analysis tree.

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

Alternatively, you can use the standard SOLIDWORKS Section View |fj | option.
6. Click View > Display > Section View.

Under Section 1 specify Plane2 as a Reference Section Plane/Face and click OK «# .

Section 1 L

Ehﬁﬂiﬁ

Yallll Fiane? F‘IanE2

{} | 0.00000000m

|n.nndeg

T

|nnndeg
. Edit Color |

7. In the Flow Simulation Analysis tree, right-click the Cut Plot 1 icon and select Edit

Definition.
|‘:"| 'Bﬂ Results
- HEE Mesh
['] Q Cut Plats
% B
..... {} Surface F'Iu:uts Edit Drefinitiar... l
...... {:"-. |zosurfaces Hide
""" 50 Flow Trajector Clear and Hide
...... ”,”. Particle Studie Clane
...... A Paint Paramet Delete. .

...... q@) Surface Paran
...... Yolume Param Play

...... I’f;x s Plots Animatior...
...... B Goal Plots Save ds...
...... @ Report C to Proect
T opy to Project...
...... Animationz .
B Properties. ..
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8. Under Vectors click the Adjust Minimum and Maximum @ and change the
Minimum { value to 2 m.

Vectors
I
7 |Velm:'|l]r V|.
2 |4.44555&4 m/s |%
E, [2ms S
0.012 ]
&Lnulmlllllllll ||||||||!(|]]L%
0.02 ]
TTH L]llimllllllllll ||||||||!(|]]L%

0.001 <]
I L ||Z|I
|:| Logarithmic scale
& | Fixed Color v [l

3D vectors
Gradient plot

— Note
By specifying the custom Minimum we change the vector length range so that the
vectors in areas where velocity is less than the specified Minimum value will appear

as if it is equal to Minimum. This allows us to visualize the low velocity area in more
detail.

9. Click OK «# to save the changes and exit the Cut Plot dialog box. Immediately the cut
plot is updated.
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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 in a two-color palette and set the
value, separating two colors, at zero.

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

11. Under Settings using the slider set Number of Levels ¢, to 3.

' Color Bar 7

o K
Settings “
£ [velocity 00 =]

}zfvx |I3I|:|I:|al Coordinate Spstem

E‘ I'I ms

E‘ I-'I ms

3 =

B |

12. In the Maximum ¢+ box type 1.

13. In the Minimum { box type -1.
14. Click OK «# .

Results

Now the distribution of the Velocity (X) parameter is displayed in red-blue palette so that all the
positive values are in red and all 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.
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Working with Parameter List

By default the total pressure is not included in the list of parameters available to display. To
enable or disable a certain physical parameter for displaying, use Customize Parameter List.

Procedure

1. In the palette bar, click the caption with the name of the current visualization parameter
and select Add Parameter.

1.000

0

Imu:u:ih,I ] jIﬂEIEI

Preszure
Temperature
Density

Welocity

Welocity [<]
Welocity 7]
Welocity [£]
Temperature [Fluid]

"»-"u:urtiu:iti
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2. In the opened Customize Parameter List dialog box, expand the Loads group and
select Total Pressure.

Customize Parameter Lizt EE
M ame | Uit | Group |
Ellv| Main

D enzity kgdm™3 b ain
Pressure Pa b ain
Temperature k. b ain
Temperature [Fluid] k. b ain
Yelocity mes b ain
Yelocity %] mes b ain
Yelocity [r] mes b ain
Yelocity [£] mes b ain

®[] Geometry
VYelocity and Flow Rate

E1E Loads
[] Dynamic Pressure Fa Loads
[] Reference Pressure Pa Loads
[] Thermodynarnic Pressure | Pa Loads
iTotal P
@[] Medium Properties
=[] Heat

[ ] Turbulence
[ ] User Defined
&[] Others

(] I Cancel Help

3. Click OK to save the changes.
4. In the graphics area double-click the palette bar.

In the opened dialog box, change the visualization parameter to Total Pressure.
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5. Under Settings using the slider, set the Number of Levels f, to about 30.

Settings

Il}}

|}
E IT::utaI Pressure

f* [114331.186 P j = l£|
f, [FE1851E11 P j = l£|
Fe a0 E

L1 |

ot

g

(I

6. Click OK «# to save the changes and exit the Color Bar dialog box.

Results
This will update the current cut plot to display the total pressure contour plot.

o e e e e g . L i e,

i e
st - e e e e

—————— e

While the cut plot shows you the flow pattern, we will use the surface goal plot to determine the
inlet and outlet values of total pressure required to calculate the loss.

Viewing the Goal Plot

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

automatically created Excel workbook.

Procedure
1. Click View > Display > Section View to hide the section.
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2. In the Flow Simulation Analysis tree, under Results, right-click the Goal Plots icon
and select Insert.

The Goal Plot dialog box appears.
3. Select AlL

Goals

bl

[w]53 Ay Total Pressure 1
[w] 53 A Tokal Pressure 2

PL,x IIteratiu:uns j

4. Click Export to Excel.

The Goals 1 Excel workbook is created.

Results

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
SG Av Total Pressure 1 | [Pa] | 1147096 1147037 1146908 1147205
5G Av Total Pressure 2 | [Pa] | 1018414 1018419 1018414 1018435

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.
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Note
The Calculator contains various formulae 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
calculations in the Calculator are performed only in the International system of units SI, so no
parameter units should be entered, and Flow Simulation Units settings do not apply in the
Calculator.

Working with Calculator

You can work with the calculator.

Procedure

1. Click Tools > Flow Simulation > Tools > Calculator.
2. Right-click the A1 cell in the Calculator sheet and select New Formula.

The New Formula dialog box appears.

Result
A B

W

Insert Fow |
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3. In the Select the name of the new formula tree expand the Pressure and
Temperature item and select the Total pressure loss check box.

MNew Formula E3
|

Selectthe name of the new formula:

- Mumeric Calculations

--|:| Dimensionless Farameters

=[O Compressible Flow

--DTherdeynamic Froperies and Heat Transfer
EI|:| Fressure and Temperature

- O Total termperature
O Total pressure
O Dwnamic pressure
Total pressure loss

----- O Fressure coefficient
- Gasdynamic Functian
F-[JMass and Wolume Flow Rate
#-[J Constants

KA >
[ Selectall
[T Eresiews formula

oK Close Help |

4. Click OK.
The total pressure loss formula appears in the Calculator sheet.

In the Result (or A) column you see the formula name, in the next columns (B, C, and
so on) you see names of the formula arguments (variables and constants). You can either
type all the formula arguments’ values in cells under their names in the SI units, or copy
and paste them from the goals Excel worksheet table obtained through the Goals dialog
box.

The result value appears in the Result column cell immediately when you enter all the
arguments and click another cell.
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5. Specify the values in the cells as follows:

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

[ Untitled - Gazdynamic Calculatos

Fle Edt Yiew Hepot Units Help
EEL L

Hame | Rezult | | | |
! | A | B | C | [} | E
Taotal Tatal Tolal - .
1 Total pressure loss [t L2250 L) a:pﬁgﬁnua at pni'p*llznura Density Velocity
2z 998194 kg/m™3 |1 mis

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

7. Go to the 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 appears in the Result column.

Total preszure  Tolal prezsure  Total pressune . .
loss al point 1 al point 2 Denely Velocily
2578308 102034.4 Pa 101830.2 Pa I3 193 kg/m™3 T

Total pressure loss

9. Click File > Save.

10. Inthe Save As dialog box browse to the folder where the ball valve model used in this
example is located, enter ball valve for the file name, and click Save.

11. Click File > Exit to exit the Calculator.

Obtain the Pure Local Drag

To obtain the pure local 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.

Since the specified conditions are the same for both 40 degrees - long valve and

00 degrees - long valve configuration, it is useful to attach the existing Flow Simulation project
to the 00 degrees - long valve configuration.
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Cloning the Project (fully open position)
You can clone the project and adjust the valve angle.

Procedure

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

Ex Clone Project

XK

Project Name
IF'ru:uieu:t 3

bl

Configuration #
||I='E' |5E|Ect j

[ All
00 degrees - long valve
[ 40 degrees - short valve
[/ 40 degrees - long valve

bl

Options
I Copy results

Results

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 a smaller gap size
will result in a finer 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

You can change the geometry resolution. Check to see that the Project 3 is the active project.
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Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

| Global Mesh Settings |
U

Type

Automatic
Manual

Settings
O, 1 3 7

&
|n.11nsna1?2m j

- Advanced channel
refinement

[T Show basic mesh

bl

bl

[T Close Thin Slots

&

[T Display Refinement Level

&

2. Click Minimum Gap Size to clear the manual definition.
3. Click OK«# .

Results

The geometry resolution is now adjusted, you can run the calculation.

Calculating the Total Pressure Loss

You can calculate the total pressure loss.

Procedure

1. Click Tools > Flow Simulation > Solve > Run.
2. Next click Run to start the calculation.

After the calculation is finished the results are automatically loaded for post-processing.
3. Create the Goal Plot.

The Goals 2 workbook is created.
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4. Go to Excel, then select both cells in the Value column and copy them into the

Clipboard.

Valve.SLDPRT [00 degrees - lona valvel
Hrial -1ﬂ-.ﬂ.l';~_3-':!é!ﬁ

Goal Name Unit Value B I = -4~ -0 o laximum Value |Progres
SG Ay Total Pressure 1 [Pa] 102034 ..., S —— PR —— 102039.6174
SG Av Total Pressure 2 [Pa] 1013330.?";"*' wnaaan anssl 1n1a39 158] 101830.6786
lterations: 53 i ._’..-_.|-.._.
Analysis interval: 21 " |>.-_\.:.-[:’:ﬂ:|.<>m:

£

Now you can calculate the total pressure loss in a straight pipe.
5. Click Tools > Flow Simulation > Tools > Calculator.

6. In the Calculator 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.

7. Click Open.

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

9. Save the existing value of the total pressure loss: click the A2 cell, click , then click
the A7 cell and finally click E

10. Double-click the Name?7 cell and type 40 degrees.

Total prezzure  Total pressure
logs at point 1

2578308  114709.6Pa

Tokal pressure loss

102034.4
101830.2

40 degrees 2578308

11. Right-click the Total pressure at point 1 cell and select Add Relation.
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B | C | D |
iTotal nreszire i Total nrpszire | _ .
i ant_v

{at Mew Farmula...
1934 ka/m™3

117 Delete Formula

|nzert Row
Delete Row

Add Relation
[elete Relation

| rmark e e Enaineer IE...
B W umenie Ealeul Etion

12. Click the B4 cell. The value of total pressure is now taken from the B4 cell.

:Total pressure

......................................

.....

102034.4
101830.2

13. Right-click the Total pressure at point 2 cell and select Add Relation.

14. Click the BS cell. The value of total pressure is now taken from the BS cell. Immediately
the total pressure value is recalculated.

Total prezsure
at point 1=B4

102034 4Fa

1020344

Results

Now you can calculate the local drag in the ball valve with the handle set at 40°.

Total Pressure loss (40 deg) | Total Pressure loss (0 deg) | Local Drag
25.78 0.41 25.37
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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 a circular cylinder immersed in a uniform fluid stream. The cylinder axis
is oriented perpendicular to the stream.

The computations are performed for a range of Reynolds numbers (1, 1000, 10°), where

Re= puD
B JT D is the cylinder diameter, U is the velocity of the fluid stream, p is the density,

and y is the dynamic viscosity. The drag coefficient for the cylinder is defined as:

F

_ D
b ;ipUZDL

where Fj, is the total force in the flow direction (i.e. drag) acting on a cylinder of diameter D
and length L.

C

The goal of the simulation is to obtain the drag coefficient predicted by Flow Simulation and to
compare it to the experimental data presented in Getting Results.
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Opening the Model

You can open the model.

Procedure

1.

Copy the B2 - Drag Coefficient folder into your working directory and ensure that the
files are not read-only since Flow Simulation will save input data to these files.

2. Click File > Open.
3. Inthe Open dialog box, browse to the cOlm.sldprt part and click Open (or double-click
the part).
Alternatively, you can drag and drop the cO/m.sldprt file to an empty area of
SOLIDWORKS window.
Note
To skip the project definition and run the Flow Simulation project defined in
accordance with the tutorial, you will need to open the c0/m.sldprt part or the
clm.sldprt part located in the B2 - Drag Coefficient\Ready folder and run the desired
projects.
Results

The Cylinder problem considered here represents a typical Flow Simulation External analysis.
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Note
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
problem in a Flow Simulation 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 is to create a new Flow Simulation project.

Creating a Flow Simulation Project

You can create a Flow Simulation project.

Procedure

1. Click Tools > 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. In the Project Name dialog box, type a new project name: Re 1.

Wizard - Praject Mame [ x

Froject name: Re1

Comments:

Conifuguration 1o add the paopect
Confugurstion e Cunreri Y

Configuration nsme: |Defauk

T Local Initial Meshes
= O Resus

HE Mesh

£ Cut Plots

> Surface Plots

2y Tsosurfaces

BB Flow Trajectories W

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

Wizard - Unit Systern [ x
Unit systemc s
Sylesn Path Cisritnerd
CGS [cmeg-s] Pra-Diedfined CGS [emegs)
FPS [fdbes) Pre-Defined FPS [fi-lb=s)
IF5 [inbrs) Fre-Dielined IF5 [inbrs)
MMM (i) Fre-Disfined MMM (roeg-s)
51 fekgee] Pre-Dedined 51 fkget]
L5a PrerDedined L5a&
| OCeste new Home 8l fmrkges) imodied)
Decimals in results 15lunk A
Paramater unit display equals b3
= Main
Prassure & siress Pa A2 1
Vielocity m's 23 1
Mass ™ 423 1
Length m 23 1
Ternperature K A2 1
Bhysical time -] 423 1
Plaeraptasne % [ !
€ > bl

o | (o] [ Gwed | [

In this project we will specify the International System SI by default.
5. Click Next.

6. In the Analysis Type dialog box select an External type of flow analysis under the
Geometry handling section.
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This dialog also allows you to specify advanced physical features you want to include in
the analysis. In this project keep the default settings including Fluid Flow as only active
physical feature.

Wizard - Anabysis Type [ x

Priysical Features Wl
Fluid Flow |
Conduction O
Time-dependent O
Gravity O
Rotation O

O

Free surface

Geometry handling alue

Analysis type Extarnal [
Geametry recognition CAD Booian e
Exclude cavities without 0

caonditions

Exclude internal space O

<ok | [Mot> ][ Concel | | 1o

Note
To disregard closed internal spaces within the body you can select Exclude internal

spaces; however no internal spaces exist within the cylinder in this tutorial.

Note
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. Since in this tutorial
the first calculation is performed at Re = 1, to accelerate the run, we perform a steady-
state analysis.

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

1tem.
Wizard - Default Fluid 7 *
bl
Fluids Path L MNew...
Oxygen Pre-Defined
Propane Pre-Defined
R1Z3 Pre-Defined
R134a Pre-Dafined
R22 Pre-Defined
RCHE Pre-Defined
4, Non-Hewtonian
Ligguids
+ Compressible Liquids
# Real Gases - Add
Project Fluids Defaul Fiukd FAemaone
Water | Liquids ) B
Flow Characteristic Valse
Flow type Laminar and Turbulent o
Cavitation O
bl
< Back Eana| [

8. Click Next.
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9. In the Wall Conditions dialog box you may specify the default thermal wall conditions
applied to all the model walls in contact with the fluid.

Wizard - Wall Conditions 7 *
Parameter ale 2
Default wall thermal condition Adiabatic wall 1|
Roughness 0 micrometer

Dependency ., | (2

| ¢Back Net> | | Cancel | | Hep

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.

10. Click Next.

Note
For a steady External problem, such as the cylinder in this tutorial, the Initial and

Ambient Conditions dialog box asks you to specify the ambient flow conditions of
the undisturbed free stream. Thus you will specify initial conditions inside the
Computational Domain and boundary conditions at 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.
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11.
12.

13.
14.

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

Wizard - Initial and Ambient Conditions 7 *
Parameter Valse ®
Parameter Definition User Definad L

= Thermodynamic Parameters
Parameters Pressure, temperature -
Frassure 101325 Pa
Temperature 22K

= Velocity Parameters
Defined by 30 Viechor w

| vewctymxarecton Joms |

Velocky in v direction 0 mis
Velacly in Z direction 0 mis

+ Turbulence Parameters

Cocednale System.. @ »
<Back | [ _Fmsh | | Concel Help

Click in the Velocity in X direction field. The Dependency button is enabled.
Click Dependency.
The Dependency dialog box appears.

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

or formula dependency on x, y, z, r, 0, @ coordinates and time t (only for time-
dependent analysis). The radius r is the 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 6 and ¢ are the polar
and azimuthal angles of spherical coordinate system, respectively. Therefore, by
combination of 1, 0, and ¢ coordinates you can specify data in cylindrical or spherical
coordinate systems.

In the Dependency type list select Formula Definition.

In the Formula box type the formula defining the flow velocity using the Reynolds
number: 1*(0.0010115/0.01/998.19).

190

SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Intermediate Examples
Creating a Flow Simulation Project

Here:

B Dependency ? x
Dependency type:
Farmula Definition w

Formula:
|l'* (0.0010115/0.01/998.19)

Backszpace Clear
vl 8 9 + [ ] zin " r
4 | & B - ] | |cos Y phi
10 2 || 3 =" tan z | theta
] . E doerp|l In
Farameter [teration e

Dramping

Cancel Help

1 - Reynolds number (Re)
0.0010115 (Pa*s) - water dynamic viscosity () at the specified temperature of 293.2 K
0.01 (m) - cylinder diameter (D)

998.19 (kg/m3) - water density (p) at the specified temperature of 293.2 K
15. Click OK.
You will return to the Initial and Ambient Conditions dialog box.

For most flows it is difficult to have a good estimation of their turbulence a priori, so it
is recommended that the default turbulence parameters be used. The default turbulence
intensity values proposed by Flow Simulation are 0.1% for external analyses and 2% for
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internal analyses and these values are appropriate for most cases. In this project we
accept the default value of 0.1%.

Wizard - Initial and Ambient Conditions 7 *
Parameter Valse ®
m S
= Thermodynamic Parameters
Parameters Pressure, temperature -
Frassure 101325 Pa
Temperature 22K
= Velocity Parametars
Defined by 30 Viector -
VelocEy in X direction < Dependancy >
Velocky in Y drection 0m's
Velpckty in Z diraction 0 mis
[= Turbulence Parameters
Parameters Turbulence imensity and length s
Turbulence niensity 01 %
Turbulence kngth 00001 m
Cocedinale System. Dependancy *
< Back Cancel Help

16. Click Finish.

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

Specifying 2D Simulation

In this tutorial we are interested in determining only the drag coefficient of the cylinder, without
accounting 3D effects. Thus, to reduce the required CPU time and computer memory, we will
perform a two-dimensional (2D) analysis in this tutorial.

Procedure

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

2. Right-click the Computational Domain icon and select Edit Definition.

@- [rput Drata

Hide [§|
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3. Under Type select 2D simulation (] | and XY plane (since the Z-axis is the cylinder

axis).
M| Computational Domain 7
K
Type =
|@| 30 simulation
@ 20 simulation
¥ Xy plane
" XZ plane
" ¥Z plane
Size and Conditions A
B, [0055m j| =]
&y [0 m j| =]
=, [0.035m j| -]
(7, [0.035m j| -]
&, [0.00Tm :II|;,:| =]
&, [0007m :II|;,:| =]

4. Automatically the Symmetry & condition is specified at the Z min @, and Z max (g,
boundaries of the Computational domain under Size and Conditions.

You can see that the Z min @, and Z max (@ boundaries are set automatically, basing

on the model dimensions.

Thus the reference cylinder length L in the cylinder drag (Cp) formula presented above
is equal to L = Z max-Z min = 0.002 m.
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Note
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 Simulation. However, in this case we will compare
the Flow Simulation 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 due to the
larger size of Computational Domain.

5. Under Size and Conditions specify the X and Y coordinates of the Computational
domain boundaries as shown on the picture below.

Size and Conditions #
B, [025m j| =]
&y [018m j| =]
&, [01Em j| =]
&, [015m j| =]
6. Click OK «# .
Results

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.

Specifying a Global Goal

The X-component of force can be determined easily by specifying the appropriate Flow
Simulation goal. In this case you will need to specify the Force (X) as a Global Goal. This
ensures that the calculation will not be finished until Force (X) is fully converged in the entire
computational domain (i.e. on the cylinder surface).

Procedure
1. Right-click the Goals icon in the Flow Simulation Analysis tree and select Insert
Global Goal.
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2. In the Parameter table select the first check box in the Force (X) row.

Parameter #
Parameter [Min | v | Maz |Bulk sy Use | « |
Heat Flux O
Heat: Transfer Fate [
Marmal Farce [
Marmal Farce [+) |:|
Marmal Farce [1] |:|
Marmal Farce [£] |:|
Force O
Force [
Farce [v) O
Force [2) O

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

Note
When choosing x, y, z-components of Force (or Torque) as goal you can select the

Coordinate system in which these goals are calculated. In this example the default
Global Coordinate System meets the task.

4. Click OK «# .

The new GG Force (X) 1 item appears in the Flow Simulation Analysis tree.

....... P Boundary Conditions

E|?-'P-' Goals

---@6 Results (Mot loaded)

Specifying an Equation Goal

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

Procedure

1. Right-click the Goals icon in the Flow Simulation Analysis tree and select Insert
Equation Goal.

2. On the pane in the bottom of the screen click Add Goal ﬂ
3. From the Add Goal list select the GG Force (X) 1 goal and click Add ﬂ

The goal appears in the Expression box.
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4. Use buttons in the calculator or keyboard to complete the expression as follows:
{GG Force (X) 1}/(0.002*(1*0.0010115)"2)*(2*998.19*0.01).
5. Select No unit in the Dimensionality list.

6. Type Drag Coefficient in the Goal Name box.

B v | [DiegCosticient | o = Ve X

[Expression

{GG Force (3 13/(0.002%(1*0.0010115)'2)*(2*998.19°0.01) T
(2] | e | e
$ e e S s | O
g e | S S R I (S
O e
¥ Uiem bt cormesgarcs control + K

7. Click OK @.

The new equation goal appears in the Flow Simulation Analysis tree.

Results

To compare the Flow Simulation results with the experimental curve taken the reference
provided in Getting Results topic, we will perform calculations considering Reynolds number

values of 1, 103 and 10°. As with Re = 1, the cOlm.sldprt will be used to calculate the flow at

the Reynolds number of 103. The ¢! m.sldprt will be used to calculate the flow at the Reynolds
number of 10°.

Specifying Global Mesh Settings

You can specify global mesh settings.

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.
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2. Keep the default Automatic type.

|] Global Mesh Settings |
K

bl

Type
Automatic
Manual

Settings =

O, 1 5 7

- i’

|u.n1 m j

1l f B
L7 -

[T Uniform Mesh

u Advanced channel
refinement

[T Show basic mesh

[T Close Thin Siots

L

3. Under Settings, specify the Level of initial mesh 0O_ of 5 and accept the automatically
defined Minimum Gap Size and Ratio Factor L1

4. Click OK «# .

Specifying Local Mesh Settings

To resolve a local region around the cylinder properly we will use the Local Mesh option.
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Procedure

1. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

| Local Mesh Settings 2
o K

Selection

W Face<t> |

bl

[Refining Cells ¥ |
¥ Equidistant Refinement )
£X 1 [
m D&] 3
s [0004m j
[ channels ¥ |
[ Advanced Refinement ¥ |
[T Close Thin Slots ¥ |

[T Display Refinement Level ¥ |

2. In the graphic area, select the side surface of the cylinder.

3. Under Equidistant Refinement, sclect the Equidistant Refinement check box and
then set the Number of Shells gz = 1, the Maximum Equidistant Level i 1 and the

Offset Distance 1 - 0.004 m.

Setting Solution Adaptive Mesh Refinement

With the specified Level of initial mesh value of 5, it may be not sufficient to resolve
accurately the vortex street behind a cylinder. So, to improve the accuracy of the solution in this
region, it is convenient to perform additional (adaptive) mesh refinement during the calculation.

Procedure

1. Click Tools > Flow Simulation > Calculation Control Options.
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2. Go to the Refinement tab.

Calculation Control Options

Finishing  Piefinement | Sotving | Saving |

Parameter | Vakse | | OK I
Global Domain lewel = 1 | T I
=] Local Regions Help
Local Mesh 1 Use Global =l —I
= Refinement Sethings
W Appeowimate madmun cells 5150000
Refinement shategy T abulas ;I Travels LI
Relawation intersal [auta] =loz

Table of efinements i -

Beset. |

3. Under Global Domain specify refinement level = 1.

4. Expand the Refinement Settings item and make sure that the value of the Refinement
Strategy item is set to Tabular.

5. To edit the table of refinements, first make sure that the value of Units is set to Travels.
Then, click the o button in the Table of refinements ficld.

6. In the opened window, click Add Row.
A single blank row will appear.
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7. Enter the value of 2 in the created row.

Table |

Cancel |

Help

.-'1'-.|:||:| R

Hemu:uve Huw[s]

e Travels

This means that mesh refinement will occur during the calculation when the value of
travels reaches 2.

8. Click OK.
9. Go to the Finishing tab.
10. Under the Finish Conditions, make sure that the Refinements is set On.

11. Click OK.

Cloning the Project

You can clone the project.
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Procedure
1. Inthe Flow Simulation Analysis tree, right-click the Re 1 icon and select Clone
Project.
£5 Rel
E| = Run...
. w Automatic Rebuild
. Rebuid

Hide Global Coordinate System

= MI
Create Template...

Delete Project...
IBE Open Project Directory
-9 Show Basic Mesh
Basic Mesh Caolar. ..
Customize Tree...

H

2. Inthe Project name box, type Re 1000.
3. Click OK +# .

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

Exj Clone Project

K

Project Hame
IFEE'IEIEIEI

bl

Configuration #

||I='E' IUSE Current j
= IDefauIt

Options
[T Copy results

bl

Results

Since the new project is a copy of the Re 1 Flow Simulation project, you only need to change
the flow velocity value in accordance with the Reynolds number of 1000. Use the General
Settings dialog box to change the data specified in the Wizard, except the settings for Units
and Result and Geometry Resolution.
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Note
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
You can change project settings.

Procedure
1. Click Tools > Flow Simulation > General Settings.

The General Settings dialog box appears.

2. As it has been mentioned above, since the flow over a cylinder is unsteady at Re > 40,
select the Time-dependent physical feature for this project.

General Settings ? *,
pinamin Consdercosed cavtes [ Mavigstor |
O ktemal [ Exchude cavities without flaw condaions
% Anslysis wpe
(®) Extemnal [ Exchude intemal space
Ao Fuids
Physical Features WVake
Fluid Flow B ﬂ ‘wall condions
Conduction O - -
Time-dependent Q Imﬂm
mE-aEpenaent m
O
O
Free surface O
[ ok ] ety Cancel Hep |
3. In the Navigator click Initial and ambient conditions.
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4. Click the Velocity in X direction field and then click Dependency.

General Settings 7 %
e value [ Wavigator |
Parameter Definition User Defined [+] .
= Thermodynamic Parameters @ Analysiz type
- Parameters Pressure, lemperature El o -
Pressure 101325 Pa
Temperature HIZK e )
& Velocity Parameters ﬁ wall condions
Defined by 3D Vector El ' c z
E Mm_ ns
Velocky in v direction 0 mis
eleciy in Z direction 0m's
[# Turbulence Parameters
[0k | aeey | | Cancel || Hep |
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5. In the Formula box, type the formula for the new Reynolds number:

6.
7.

1€3%(0.0010115/0.01/998.19)

B Dependency ? x
Dependency type:
Farmula Definition w

Formula:
|le3'* (0.0010115/0.01/998.19)

Backszpace Clear
vl 8 9 + [ ] zin " r
4 || & | B -] || ooz v || phi
1 23 ® | tan z | theta
] . E doerp|l In b
Farameter [teration e

Cancel Help

Click OK to return to the General Settings dialog box.

Click OK to save changes and close the General Settings dialog box.

Changing the Equation Goal

You can change the equation goal.

Procedure
1. Right-click the Drag Coefficient icon under Goals and select Edit Definition.
2. In the Expression box type the new formula for the new Reynolds number:
{GG Force (X) 1}/(0.002*(0.0010115*10"3)*2)*(2*998.19%0.01).
3. Select No unit in the Dimensionality list.
4. Click OK | to save changes and close the Equation Goal pane.
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Results

In the experiments performed with one fluid medium, the Reynolds number’s large rise is
usually obtained by increasing both the velocity and the model overall dimension (i.e. cylinder

diameter) since it is difficult 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 m to 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 project settings to another model is to use the Flow Simulation
Template.

Creating a Template

You can create a template.

Initially, only the Internal Water default template is available, but you can easily create your
own templates.

Procedure

1. Click Tools > Flow Simulation > Project > Create Template.

The Create Template dialog box appears.

Create Template 7 x|

Lizt of available templates:

==
E07 Internal W ater

Template name:

II:_I,IIinu:Ier Dirag

Save I Cancel Help

2. Inthe Template name box, type Cylinder Drag.
3. Click Save.

The new Flow Simulation template is created.
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Note
All templates are stored as .fwp files in the %ProgramData%\COSMOS

Applications\Flow Simulation 2025\Template folder, so you can easily apply a
template to any previously created models.

4. Save the model.

Results

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

Creating a Project from the Template

Create a new Flow Simulation product.

Procedure
1. Open the cIm.sldprt file.

2. Click Tools > Flow Simulation > Project > New.

The New Project dialog box appears.

E New Project ?

K

Project Name #
IHE1EE

Configuration #
||I='E' ILIse Current j
= IDefauIt

Template #
‘_5=J ICyIinu:Ier Drag j

3. Inthe Project Name, type Re 1e5.
4. Under Template, select Cylinder Drag.
5. Click OK.

After clicking OK, two warning messages appear asking you to reset the computational
domain and to rebuild the computational mesh. Select Yes to resize the computational
domain, and Yes to rebuild the mesh.
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Note
If the computational domain has not been resized automatically you should do it

manually in Computational Domain dialog. The mesh settings should be reset too.

If Flow Simulation shows you a Rebuild error message, click Close.

The newly created project has the same settings as the Re 1000 project with the
c01m.sldprt 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.

6. Click Tools > Flow Simulation > Computational Domain and adjust the
computational domain size as shown in the picture.

Size and Conditions #
By [Em j| =]
& [15m j| =]
&, [15m j| =]
&, [15m j| =
@, [oTm :II|}:| =]
&, [01m :II|}:| =]
[ Reset ]

7. Click OK «# .

8. Open the General Settings dialog box and click Initial and ambient conditions, click
the Velocity in X direction field, then click Dependency.
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9. Change the velocity X component formula as follows:

1e5%(0.0010115/1/998.19)

Dependency

Dependency type:

Formula Definition

Formula:

A 9
4 | " G
1 2 3
1] : E
Farameter

|le5'* (0.0010115/1/5998.19)

Backszpace

+ [ ] zin
] | |cos
tan

doerp|l In

[teration

Cancel

2

Clear

phi

thieta

Help

10. Click OK to return to the General Settings dialog box.

By default, Flow Simulation determines the default turbulence length basis equal to one
percent of the model overall dimension (i.e. cylinder diameter). Since the Re 1e5 project
was created from the template, it inherited the turbulence length value calculated for the
small cylinder (d = 0.01 m). For the c/m.sldprt we need to change this value.

208

SOLIDWORKS Flow Simulation, 2025



Intermediate Examples
Creating a Project from the Template

11. In the General Settings dialog box expand the Turbulence parameters item. Type
0.01 m in the Turbulence length field.
General Settings 7 *,
Parameter Value
Parameter Definition User Defined w .
- Thermodynamic Parameters "% S s L
Parameters Pressure, temperature 5 5] .
Pressure 101325 Pa h._ FNECE
Temperature HHIZK 43 .
3 Velocity Parameters s 3l condibions
Defined by 30 Vector i t‘ nitial and ambeent
Velocy in X direction < Dependency = condions
Velocky in v direction 0 mis
eleciy in Z direction 0 mis
=l Turbulence Parameters
Parameters Turbulence inténsity and length e
Turbulence ntensity 0.1%
Turbubznce kength 0.01 m
Coordnate Systenm... Dependency...
Apply Cancel Help
12. Click OK.
13. Right-click the Drag Coefficient icon under Goals and select Edit Definition.
14. In the Expression box enter the formula:
{GG Force (X) 1}/(0.2%(0.0010115%10"5)*2)*(2%*998.19*1).
15. Select No unit in the Dimensionality list.
16. Type Drag Coefficient in the Goal Name box.
17. Click OK |
18. Right-click the Local Mesh 1 icon under Mesh and select Edit Definition.
19. In the graphic area, select the side surface of the cylinder.
20. Under Equidistant Refinement, change the Offset Distance 1 e 0 0.4 m.
21. Click OK « .
22. Click Tools > Flow Simulation > Calculation Control Options.
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23. Go to the Finishing tab.

Calculation Control Options [ 2] E]

Finishing | Refinement | Sobving | Saving |

Parameter | Criteria | Vahe

(=1 Firesh Conditions

Criterion to stop One zabisfied [alter all refinements) LI
W] Goals convergence All Goals elp
T Prysical lime

L] Mbesations

L] Travels

C] Calewlation time

W] Refinemsents e refinements numbed fnom refinements Lable

4l

= Goals Criberia
Anabsis interval maruezl LI
¥ GB Force (<) 1 fauta] =

»| Drrag Cosfhcient [auta)

125 Physical time [s] |

1+ Motificabon

I ..

24. Set Off the Travels.

25. Under Goals Criteria specify the Analysis interval = manual.

26. To edit the analysis interval value, first make sure that in the last Value cell the value of
units is set to Physical time [s]. Then, in the first Value cell enter 125 s instead of the

default value.

Note
In case of a periodic solution to avoid premature convergence it is recommended to

estimate the oscillation period of the goals of interest first and then specify at least 5
periods as the analysis interval. The selected value of the analysis interval (i.e. the
interval over which the goals convergence criteria are checked) corresponds to the 5
periods of the goal oscillations.

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

Solving a Set of Projects

Flow Simulation allows you to automatically solve a set of projects that exist in any currently
opened document.
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Procedure
1. Click Tools > Flow Simulation > Solve > Batch Run.

Brre 0|+ 4 ﬂ @ M asirrsm simtaraoust g of this computer |1 -

Expcty [Meih |Sohve [Hew |CloosMoritor | undit | Use Corels] | Stahas..
W w w

This compuaer  [une o)

Thiz compiter | [Leos of)

(AeleS [ Defaul | o

= el sldet
Fa W [ Drafandt | ) =
Fie W00 | Disfandk | v' _u-

Thes cofmgulei  [ue S
This computer  [ume o]

2. Select the Solve check box in the All projects row to select Solve for all projects (Re 1,
Re 1000, Re 1e5). Also select the Close Monitor check box in the All projects row.
When the Close Monitor check box is selected, Flow Simulation automatically closes
the Solver Monitor window when the calculation finishes.

3. Click Run.

Getting Results

After all calculations are complete, you can create the Goal Plot for each project to obtain the
Drag Coefficient value. Go to the cO/m.sldprt model and activate the Re 1 project in the Flow

Simulation projects tree.

Procedure
1. In the Flow Simulation Analysis tree, right-click the Results icon and select Load.

2. In the Flow Simulation Analysis tree, under Results, right-click the Goal Plots icon
and select Insert.
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The Goal Plot dialog box appears.
' Goal Plot
« ® =

Goals
ST IAII Goals

: I Al
WlGGE Force (X) 1
[¥lDrag Coeffident

PL,x IIteraﬁuns

3. Select AlL

4. Click Export to Excel.
The Goals 1 Excel workbook is created.
Switch to Excel to obtain the value.

5. Activate the Re 1000 project and load results.

Create the goal plot for both goals.

c01m.sldprt [Re 1 [Default]]

Goal Mame Unit |vValue Averaged Value |Minimum Yalue |Maximum Yalue
GG Force {}{'J 1 N] 1.13569E-09 1.13528E-09 1.13393E-D9 1.1426E-09
Drag Coefficient |[] 11.03000623 11.07600315 1106258292 11.147446583
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6. Switch to c/m.sldprt, activate the Re 1e5 project, load results and create the goal plot for

both the goals.

c01m.sldprt [Re 1000 [Defaultl]]

Goal Mame

LInit

Value

Avera ged Value

Minimum Yalue

Maximum Yalue

GG Force {(X) 1

[N]

0.000162745

0.00014243

0.000116993

0.000162745

Drag Coefficient

(]

1.587773152

1.399525691

1.141406951

1587773152

cIm.sldprt [Rele5 [Default]]

Goal Mame

LInit

Value

Avera ged Value

Minimum Yalue

Maximum Yalue

GG Force {(X) 1

[N]

0.703367609

0.679705255

0.628075993

0.732622717

0.691093734

0.66313513

0.612764552

0.714762602

Drag Coefficient |[]

Even if the calculation is steady, the averaged value is more preferred, since in this case
the oscillation effect is of less 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.
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Ronald L. Panton, “Incompressible flow” Second edition. John Wiley & sons Inc., 1995.
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Heat Exchanger Efficiency

Flow Simulation can be used to study the fluid flow and heat transfer for a wide variety of
engineering equipment. In this example we use Flow Simulation to determine the efficiency of a
counterflow heat exchanger and to observe the temperature and flow patterns inside 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 performance is its “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 as follows:

actual heat transfer
maximum possible heat tremsfa

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: ¢ Tinlet _ pinlet). Thus, the efficiency of a counterflow heat exchanger is defined as

Tt - g
E = . . . . . .
follows: Tiniet _ pinlef - if hot fluid capacity rate is less than cold fluid capacity rate or
ouflef inlet
T, cold — T, cold

riniet _ pinler - if hot fluid capacity rate is more than cold fluid capacity rate, where the

capacity rate is the product of the mass flow and the specific heat capacity: C=nic (Calculating
the Heat Exchanger Efficiency)

The goal of the project is to calculate the efficiency of the counterflow heat exchanger. Also, we
will determine the average temperature of the heat exchanger central tube’s wall. The obtained
wall temperature value can be further used for structural and fatigue analysis.

Openingthe Model. . ......coiutiiiiiiiiiiiieieereeseesescnsenssnsonsonses 215
Creating a Flow Simulation Project........... ..ottt rnnnns 216
Specifying Symmetry Condition. ..........cciuiiiiiiiiiiinrenrenronrsnsnns 222
Specifying a Fluid Subdomain ........... .o iiiiiiiiiiiiiiiiiiiinrnnrnnnnns 224
Specifying Boundary Conditions ............coiiitiiiiiiiirinrenrenrsnrsnnnns 227
Specifying Solid Materials. .. .......oiiiiiiiiiiiiiiiiiiinenrenrenrsnssnsnns 235
Specifying Surface Goals. . .......ciitiiiiiiiiiiiiiiiiitneeneenesnrsnssnsnns 236
Specifyinga Volume Goal. ....... ..ottt iiiiiiiiiinienrsnrenesnssnsnns 237
Specifying Mesh Settings. . ...... ..ottt iiiiiieneeneenrsnssnsnns 238
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Running the Calculation ..........coiiiuiiiiiiiiiiiiiiirnereeenesnssnssnnns 239
Viewingthe Goals ........ ..ottt reeseesessessnssnssnsns 239
Viewing Cut Plots. . . ... oottt it iiiiiitieteeseosessnssnssnssnsns 241
Adjusting the Parameter Display Range.............ciiiiiiiiiiiiiiiienrennns 244
Displaying Flow Trajectories .........couitiuitiiiiiiiirneneseesessnssnssnsns 245
Viewing the Surface Parameters ...........ciiiiiiiiiiiiiiiirneenrenrnnnns 253
Calculating the Heat Exchanger Efficiency............coiiiiiiiiiiiiiienrennns 256

Opening the Model

Copy the B3 - Heat Exchanger folder into your working directory and ensure that the files are
not read-only since Flow Simulation will save input data to these files.

Procedure
1. Click File > Open.

2. In the Open dialog box, browse to the task.sldasm assembly located in the B3 - Heat
Exchanger folder and click Open (or double-click the assembly).

Alternatively, you can drag and drop the task.sldasm file to an empty area of the
SOLIDWORKS window.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the fask.sldasm assembly located
in the B3 - Heat Exchanger\Ready folder and run the project.

l Cold water = 0.02 kgls

Tiniet = 2932 K

Warm water

T

Hot air = 10 m/fs
Tintet = 600 K
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Creating a Flow Simulation Project

You can create a Flow Simulation project.

Procedure

Click Tools > Flow Simulation > Project > Wizard.

Wizard - Project Mame

T Local Initial Meshes
= O Resus

BE Mesh

£ Cut Plots

> Surface Plots

2y Tsosurfaces

BB Flow Trajectories

Level 3

Conifuguration 1o add the paopect
Conifaguralior: e Cunreri

Configuration name: |Defaut

Cancel Help

3. Click Next.

2. Type Level 3 as the Project name. The Leve/ 3 name was chosen because this problem
will be calculated using Result Resolution level 3.
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4. 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.

Wizard - Unit Systern

Path

Pre-Defined
Fre-Defiewed
Fre-Diefned
Pre-Delned
Pre-Defined
Pre-Dedined

Cisritnerd

CGES [oong-s)
FPS [l
IF% [imrlrs)
MMM [mm-g-z]
Sl mebogez)
Usa,

Hame 51 im-hges) [modifed)

Unk

gex353p®

Decimals in resuls 1Slunk A

A2
A2
23
A23
A2

A23
17

display equals b

Nest >

X

(3

5. Click Next.
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6. Inthe Analysis Type dialog box among Physical features select Conduction in
addition to the by default pre-selected Fluid Flow.

Wizard - Anabysis Type [ x

L 3
L

Phiysical Faatures
Fluid Flow
Conduction
Radiation
Time-dependent
Gravity

Rotation

Free surface

OO0000OR® g

Geometry handling alue

Analysis type internal [
Geometry recognition CAD Bookran :v |
Exclude cavities without E

caonditions.

cBack | [ MNei> | | Cacel | | Heo

Note
By default, Flow Simulation will consider heat conduction not in solids, but only

within the fluid and between the walls and the fluid (that is, convection). Selecting
the Conduction 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 as inside the solids.

7. Click Next.
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8. 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 is Liquids.

Wizard - Default Fluid

Fluids Path A
EGases | |
= Pre-Definad
Acetone Pre-Defined
AFTnonEa Pre-Dafined
Argon Pre-Defined
Butana Pre-Defined
Carbon dioxide Pre-Defined
Chiarine Pre-Defined
Ethane Pra-Defined
Ethanal Pre-Defined g
Project Fluids Deiauk Fluid ~
Default fluid type Liguids L
Al [ Gases )
VWater { Liguids § A st
Flow Characteristic Valse
Flow type Laminar and Turbulent o
Cavitation O
ok Cara

Mew...

Flemove

Help

9. Click Next.

10. Since we have selected the Conduction option at the Analysis Type step of the Wizard,

the Default Solid dialog box appears. In this dialog you specify the default solid

SOLIDWORKS Flow Simulation, 2025
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11.

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.

Wizard - Default Salid 7 *
bl
Sckds Path A Mew...
Solder (Au BEWRGe
' Pre-Def
12%) e-Definedaloys
Solder (o 20%/Sn
0% Pre-Definedualoys
Solder (Sn E3%/Fo
7% Pre-Definedaboys
Solder (Sn 56.5%/ag
3.5 Pra-Definedsloys
Sl Encticel Pre-Defineduiloys
Resistancs) Y
Sdmel (Mid) Pre-Definedaloys
Seal 5135 Pre-Defineduiloys
Stmel 616 Pre-Definedaboys
Sieal| 9280 Pre-Defined\Alioys
Slew| 563198 Pre-Definedsloys
Zieel Stanless 202 Pre-Definaed\Alloys
| Steel Staniess 321 | Pre-Defnedatoys
# Buiding Materials
# Ceramics
# Glasses ond Minerals b
Defsult sobd | Steel Stainless 321 [ Pre-Defined\Allops | ¥
< Back T

If the solid material you wish to specify as the default is not available in the Solids 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 steel.

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

Click Next.

Note
D If a component has been previously assigned a solid material by SOLIDWORKS,

you can import this material into Flow Simulation and apply this solid material to
the component in the Flow Simulation project by using the Import Data from Model
option accessible under Tools > Flow Simulation > Tools.

220

SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Intermediate Examples
Creating a Flow Simulation Project

12. In the Wall Condition dialog box, select Heat transfer coefficient as Default outer
wall thermal condition.

Wizard - Wall Conditions 7 *

Parameter ale
= Default outer wall thermal condition Heat transfer coefficient _V|

Heat transfe chent

Temperature of extemal fuid 232K
Roughness 0 micrometer

cBack | | Mest> | | Cancel Help

— Note
This condition allows you to define the heat transfer from the outer model walls to
an external fluid (not modeled) by specifying the reference fluid temperature and the

heat transfer coefficient value.

13. Set the Heat transfer coefficient value to 5 W/m”*2/K.
14. Leave the default (zero) wall roughness.

15. Click Next.

SOLIDWORKS Flow Simulation, 2025 221

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Intermediate Examples
Specifying Symmetry Condition

16. In the Initial Conditions dialog box under Thermodynamics parameters enter 2 atm
in the Value cell for the Pressure parameter. Flow Simulation automatically converts
the entered value to the selected system of units.

Wizard - Initial Conditions

Parameter Valse
Parameter Definition User Defined
= Thermodynamic Parameters
Paramefers Pressure, temperature
Prassure 2 atm
Temperature 22K
= Vebocity Parameters
Velgcky in X direction b mis
Velpclty in Y direction 0 mis
Velocky in Z direction 0 mis
# Turbulence Parameters
[+ Solid Parameters

] ] [ ] [

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

Results

After finishing the Wizard you will complete the project definition by using the Flow
Simulation Analysis tree. First of all 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 is possible to “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.

Specifying Symmetry Condition
You can specify symmetry condition.

Procedure

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

2. Right-click the Computational Domain icon and select Edit Definition.
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3. Under Size and Conditions select the Symmetry & condition at the X max boundary
and type 0 in the X max (5, box.

bl

Size and Conditions
By [om @]
&y [012024m j| =]

@, [02202588m  H[@ 7]

&, [0120%eEm = [E F]

&, [022im j| =]
&, [13%2te  H[E 5]

[ e |

Note
To resize the domain manually, select the Computational Domain item in the Flow

Simulation Analysis tree, and in the graphics area click and drag the arrow handles
at the sides of the computational domain frame to the desired positions, then adjust the
exact coordinates in the appearing callouts.

4. Click OK « .
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Specifying a Fluid Subdomain

Since we have selected Liquids as the 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 as the fluid type for the
selected region, Air as the fluid and the initial temperature of 600 K and flow velocity of 10 mv/s
as the initial conditions in the selected fluid region.

Procedure
1. Click Tools > 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.

Note
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.
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3. Under Selection, accept the default Coordinate System ', and the Reference axis.

Selection i
m Face<1>@flangel-1

[%)

B, [Giabal Coordinale System

Reference axis: [x =]

Fluids L]

Fluid type:

Gases / Real Gases / Steam j
Air [ Gases | i

Add Fluid...

Flow Parameters A
]
Vi [Bmss j EJ
Vy [omss :I E|
v, [Toms =l (%]
Thermodynamic Parameters L
P [1013%5Pa =i
T [f00K j ;E
Turbulence Parameters W
Flow Characteristics b

4. Under Fluids in the Fluid 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.
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Note
In the Fluids group box, Flow Simulation 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 y, box enter -10.

Note
Flow Simulation 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, change the Static Pressure p and Temperature
1 to 1 atm and 600 K respectively. Flow Simulation will automatically convert the
entered values to the selected system of units.

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.

7. Click OK «# .

The new Fluid Subdomain 1 item appears in the Analysis tree.

8. To easily identify the specified condition you can give a more descriptive name for the
Fluid Subdomain 1 item. Right-click the Fluid Subdomain 1 item and select
Properties.

In the Name box type Hot Air and click OK.

[L]@ Input Data Feature Propertiez HE
(- @ Computational D armain

-0 Fhid Subdomains

Mame: {Hat &if

...... % S alid Materials Edit Definitian...

----- Ff Boundary Cond Suppress

L Goals Delete. ..
Hide

Copy to F'ru:uie!:.!..

3@6 Rezults (Mot loaded]

1

Tip
You can also click-pause-click an item to rename it directly in the Flow Simulation
Analysis tree.
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Specifying Boundary Conditions

You can specify boundary conditions.

Inlet Mass Flow (Cold Water) .......cciiiitiiiiiineerecnsnsosscssenassassans 227
Environment Pressure (Cold Water)........cciiiiiiiiiieniererecssnnesscnnns 229
Inlet Velocity (HOt Air) .. ocvviitiiiiiiiiiiiiiiiiiiineesesesensosnsssnsannss 231
Environment Pressure (HOot Air) .......c.iiiiiiiiiiiiiiiiiineerennenansannans 233

Inlet Mass Flow (Cold Water)

You can specify cold water boundary conditions.

Procedure

1. Right-click the Boundary Conditions icon in the Flow Simulation Analysis tree and
select Insert Boundary Condition.

The Boundary Condition dialog box appears.
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2. Select the Lid3 component.

Selection ~
@ |lidz-2@task

}szx IGI:::I::aI Coordinate Spstem

Reference axis: I){ vI

Type ~

[B]/@]r]

Inlet Mass Flux
Inlet Volume Flow
Inlet Velocity
Outlet Mass Flow
Cutlet Volume Flow
Outlet Velocity

Flow Parameters ~
m [0.07 kats j
{-,’;E») ILInifu:urm
- Fully developed flow
Thermodynamic Parameters hd
Turbulence Parameters W
Boundary Layer W

The selected component appears in the Faces to Apply the Boundary Condition Ny
list.

3. Under Selection, accept the default Coordinate System 1, and Reference axis.

Note
If you specify a new 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.
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4. Under Flow Parameters in the Mass Flow Rate 5, box, set the value equal to

0.01 kgs. Since the symmetry plane halves the opening, we need to specify a half of the
actual mass flow rate.

5. Click OK «# .

The new Inlet Mass Flow 1 item appears in the Analysis tree.

This boundary condition specifies that water enters the steel jacket of the heat exchanger
at a mass flow rate of 0.02 kg and temperature of 293.2 K.

6. Rename the Inlet Mass Flow 1 item to Inlet Mass Flow - Cold Water.

|':"| Eﬁ Bu:uundar_l,l Conditions Feature Properties E E
: 5 Flow

LR Goals E dit Definitior... e IInIet e
. B@ Results (Not loade¢. SUppress
Delete...
Hide

Copy to F'ru:uieu:t.!

Environment Pressure (Cold Water)

You can specify the water outlet Environment Pressure condition.

Procedure

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

2. Select the Lid4 component.
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The selected component appears in the Faces to Apply the Boundary Condition Ny
list.

Selection ~
@ |ligs-2@task

}zfvx IGI:::I::aI Coordinate System

Reference axis: I){ vI
Type ~

(& @]

Static Pressure
Total Pressure

Thermodynamic Parameters L

Bp [202550Fa :
3

W

W

(=

=
2932 K =g
T =P
Turbulence Parameters

Boundary Layer

3. Under Type, click Pressure Openings 3| and in the Type of Boundary Condition list
select the Environment Pressure item.

4. Under Thermodynamic Parameters, accept the value of Environment Pressure R’z

(202650 Pa), taken from the value specified at the Initial Conditions step of the
Wizard, the default value of Temperature 1 (293.2 K) and all other parameters.

5. Click OK +# .

The new Environment Pressure 1 item appears in the Flow Simulation Analysis tree.
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6. Rename the Environment Pressure 1 item to Environment Pressure - Warm Water.

E|Eﬂ B oundary Conditions
] Inlet Mass Flow - Cold Water

Inlet Velocity (Hot Air)

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

Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.
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2. Select the Lid1 component.

Selection ~
@ id11@task

}szx IGI:::I::aI Coordinate Spstem

Reference axis: I){ vI
Type L

[B]/@]r]

Inlet Mass Flow s
Inlet Mass Flux
Inlet Volume Flow

Inlet Mach Number
Outlet Mass Flow

Cutlet Volume Flow ;I
Flow Parameters ~
" I'IEI mi's j

- Fully developed flow
Thermodynamic Parameters hd
Turbulence Parameters W
Boundary Layer W

The selected component appears in the Faces to Apply the Boundary Condition Ny
list.

Accept the default Coordinate System ', and Reference axis.

3. Under Type, select the Inlet Velocity condition.

4. Under Flow Parameters in the Velocity Normal to Face , box, set the value equal to
10 (type the value, the units will appear automatically).

5. Expand the Thermodynamic Parameters item. The default temperature value is equal
to the value specified as the initial temperature of air in the Fluid Subdomain dialog
box. We accept this value.

6. Click OK «* .
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The new Inlet Velocity 1 item appears in the Analysis tree.

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

7. Rename the Inlet Velocity 1 item to Inlet Velocity - Hot Air.

=-Ff Boundary Conditions

- Eﬁ Irlet b azs Flow - Cold ' ater
----- Eﬁ Ervironment Pressure - \Warm W ater
..... ] Inlet Velocity - Hat Air

Environment Pressure (Hot Air)

Next specify the air outlet Environment Pressure condition.

Procedure

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

The Boundary Condition dialog box appears.

SOLIDWORKS Flow Simulation, 2025 233



Intermediate Examples
Specifying Boundary Conditions

2. Select the Lid2 component.

Selection A
@ llidz1@task

}zfvx IGI:::I::aI Coordinate System

Reference axis: I){ vI
Type L

(& @]

Static Pressure
Total Pressure

Thermodynamic Parameters L

B5 [101325Fa :
3

W

W

(=
=1
(=
T IEEIIZIK — Fo

Turbulence Parameters

Boundary Layer

The selected component appears in the Faces to Apply the Boundary Condition Ny
list.

3. Under Type, click Pressure Openings 3| and in the Type of Boundary Condition list
select the Environment Pressure item.

4. Under Thermodynamic Parameters, make sure that the Environment Pressure R
and Temperature | are setto 101325 Pa and 600 K respectively.

Accept the default values of other parameters.

5. Click OK +# .
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6. Rename the new item Environment Pressure 1 to Environment Pressure - Air.

=-Ff Boundary Conditions
] Inlet Mass Flow - Cold Water

------- ] Enviranment Pressure - W arm Water

- Eﬂ Inlet Welocity - Hot Air

Results

This project involves an analysis of heat conduction in solids. Therefore, you must specify the
solid materials for the model’s components and the initial solid temperature.

Specifying Solid Materials

Notice that the auxiliary lids on the openings are solid. Since the material for the lids is the
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.

Procedure
1. Right-click the Solid Materials icon and select Insert Solid Material.

Selection ~ [1] Planez
B |lids-2@task [ Planes
lidl-1@task L.. Origin
lid4-2@task B
- b r:'f'rj {F1tube <1 (Default, ..
» % pipe <1 -= (Default<..,
b f\% flangel <1z -= (Defa...
Solid ~ 3 f\% flangez 1> -= (Defa. .,
- Alloys Al v [ i ets > (Default<... |
[+ Building b aterials v (8 1 Fanl
__ Ceramics E% id2<1=-= (De aut::...|
=) Glasses and Minerals 4 % lid3<2 - (Default<... |
:| v [ lid4 <2 (Default<<D...|

4 @@ MateGroupl

Quartz glazs
- IC Packages |

Insulator [Pre-Defined\Glasses and I"j

[ Create/Edit... ]
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2.

In the flyout FeatureManager design tree, select all the lid components.

As you select the lids, their names appear in the Components to Apply the Solid
Material gg, list.

3. Inthe Solid group box expand the list of Pre-Defined materials and select the Insulator
solid in the Glasses & Minerals folder.
4. Click OK « .
Results

Now all auxiliary lids are defined as insulators.

Note

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

Specifying Surface Goals

You can specify surface goals.

Procedure

1.

In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Surface Goals.

i....@ Mesh ¥ Insert Global Goals...

= @ C ?3', Insert Point Goals...

+ £ Results (M
Qﬂ ( ﬁ Insert Surface Goals...

% Insert Yolume Goals...

Select the Environment Pressure - Air boundary condition from the Flow Simulation
Analysis tree to use the already defined selection for this feature, too.

In the Parameter table select the Av check box in the Temperature (Fluid) row.

Accept selected Use for Conv. check box to use the goals being created for convergence
control.

Click OK «# .

The new SG Average Temperature (Fluid) 1 items appear in the Flow Simulation
Analysis tree.

Rename this item to SG Outlet Av T of Air.
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7. Repeat the above steps to define another average fluid temperature surface goal using
the selection of the Environment Pressure - Warm Water boundary condition and
name this item SG QOutlet Av T of Water.

Specifying a Volume Goal

You can specify a volume goal.

Procedure

1. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Volume Goals.

Selection ~ [1] Planez
Q& tube-1@task |ﬂ Planes
L Qrigin
b [ () tube <1 (Defaulk... |
Parameters ~ r % pipe=1= -= (Default<, .
» €D flangel <1 -> (Defa. ..
Parameter |Mir|A\|Ma}|BL|Us|;| % 2 (
Volume [Solid) O k % flangez =1= - = (Defa...
Welacity O O0go O r %Iidl{l;-}{DeFault{...
Velocity (X) g gg g 3 %IidEil:-}{DeFault{...
Velocity [¥) .
Velocity (7) O oo O 3 % [id3<Z> -= (Defaulk<...
Mach Number O oo g b % lid4 <2 = (Default<<D, .,
Dynamic Viscosity O O0go O :| Y m]m] MateGroup]
Turbulent Viscosity O O0go O
Turbulent Time O oo 0O
Turbulence Length O O0go O
Turbulence Intensity O O0go O
Turbulent Energy O O0go O
Turbulent Dissipation O O0go O
Temperature (Solid) O O O
Owerheat above Meltin O O
Mass [Solid) O
Mass Fraction of Air O oo 0O
Mass Fraction of Water [ [ 1 [
Volume Fraction of &ir [ [ [0 [
Volume Fraction of wa [ [ [0 [
Mass of Air O
Mass of Water O —
.
Name Template L
I"v"G Ay T of Tube
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2. In the flyout FeatureManager design tree sclect the Tube part.

3. In the Parameter table select the Av check box in the Temperature (Solid) row.
Accept the selected Use for Conv. check box to use this goal for convergence control.

4. In the Name template type VG Av T of Tube.
5. Click OK +# .

Specifying Mesh Settings
You can specify mesh settings.
Procedure

1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Keep the default Automatic type.

il Global Mesh Settings

WX

Type .S

Automatic
Manual

Settings A
O, 1 3 7

& =
IEI.'IEI12m =
[T Advanced channel refinement

[T Show basic mesh

[T Close Thin Slots i

3. Under Settings, accept the default for the Level of initial mesh 0, of 3 and the
Minimum Gap Size .

4. Click Show basic mesh to see the default basic mesh.

Click OK «# .
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Running the Calculation

You can run the calculation.

Procedure

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

Results

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

Viewing the Goals

In addition to using the Flow Simulation Analysis tree you can use Flow Simulation Toolbars
and CommandManager Ribbon to get fast and easy access to the most frequently used Flow
Simulation features.

Toolbars and CommandManager are very convenient for displaying results.

The 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 buttons available in the CommandManager.

To get access to the Flow Simulation commands and features, click the Flow Simulation tab of
the CommandManager.

B O W Y BB n:iousss

oD
Batth Sehe Rruss inserl Diiplay Probed Soem e
[ Lagtan

| % wame @ "9 cospencai Comiint -] W B B -
frrom . Gaah | LA Aun N Drgpneenng Cutsnas

atel g Condions Sourcn Eledrical
Srngs [l Compuintisns Domin .
| By Clone Project B mcied - . . . - . . N . . . « [ Tosh

|M|¢mbl_,l Lyt Soptch | Waroap | [valgate | SOLINWVORES Add-tre  1how Sameslation

Procedure

1. Click View > Toolbars > Flow Simulation Results Main Group.

The Flow Simulation Results Main Group toolbar appears.

e GR:E NN RCR

2. Click View > Toolbars > Flow Simulation Results Insert Group.
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The Flow Simulation Results Insert Group toolbar appears.

HEHEX2CLHEELASRER ! ZIW W@k Ny

3. Click View > Toolbars > Flow Simulation Results Display Group.

The Flow Simulation Results Display Group toolbar appears.

e EEY LS 9

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.

4. Click Goal Plot on the Flow Simulation Results Main Group toolbar or on the
Tools > Flow Simulation > Results tab of the CommandManager.

The Goal Plot dialog box appears.
5. Select the all goals of the project.

Goals ~
P | All Goals o

» EX

[5G Outlet Av T of Air
S5G Outlet Av T of Water
VG Aw T of Tube

c
L., | lterations w

6. Click Export to Excel.
The Goal Plot 1 Excel workbook is created.
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Viewing Cut Plots

Results

You can view the average temperature of the tube on the Summary sheet.

task.SLDASM [Level 3 [Default]]

i Minimum Maximum
Goal Mame Unit (Value Averaged Value
Value Value
SG Outlet Av T of Air [K] |585,417935 |[585,9710734 585,417935 5870483638
SG Outlet Av T of Water [K] |299,878967 [299,7588928 299,4683524 299,876967
VG Av T of Tube [K] |341,5088409 (341,5535817 341,4097819 341,684947

Viewing Cut Plots
You can view cut plots.
Procedure

1. Click Cut Plot on the Flow Simulation Results Insert Group toolbar or on the
Tools > Flow Simulation > Results tab of the CommandManager.

The Cut Plot dialog box appears.

2. In the flyout FeatureManager design tree select Plane3.

Selection ~

@&
LIEIJ Plane3

bi [om 2

|:|h.-1irrc|r results
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Viewing Cut Plots

3. In the Cut Plot dialog under Display, in addition to displaying Contours [E |, select

Vectors |27 .

Display L

Izl Contours
Isolines
Wectors
Streamlines
Mesh

4. Under Contours specify the parameter which values to show at the contour plot. In the
Parameter m box, select Temperature.

Contours L

:. ITemperature j

Ex 255 =
|

3D profile

Use the slider to set the Number of Levels to 255.
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Viewing Cut Plots

5. Under Vectors make sure that Static Vectors 27| is selected. Click the Adjust
Minimum and Maximum [ (]| and change the Maximum + velocity to 0.004 m/s.

6. Click OK +# .

Vectors L

*7 [velocity j
£ [o00#ms =£][#]
E‘ IEIm.-"s j
%p [002 =

Ill.ll:-r:lllllllllllllllllm;l
il [Foz =
T Ill.ll:-r:lllllllllllllllllm;l
2 [ =

al =

- Logarithmic scale

iy IFi}{Ed Color j

30 vectors

m

The cut plot is created but the model overlaps it.

7. Click the Right view on the Standard Views toolbar.

@@@@
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8. Click Geometry icon on the Flow Simulation Results Display Group toolbar or

on the Tools > Flow Simulation > Results tab of the CommandManager to hide the
model.

293.20 36990 44660 52330 600.00

Temperature [K]

Tip
By right-clicking on the color bar, its display can be switched between horizontal
and vertical.

Adjusting the Parameter Display Range

You can adjust the parameter display range.
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Procedure
1. In the temperature palette bar click the maximum value and type 300 K in the edit box.

a76.40

852.80
L 529.20
L 505.60
L 482.00
L 4583.40

434.80
L 411.20
L 387.60
L 364.00

340.40
316.80
283.20

Temperature [k]

2. Click .

This will update the current cut plot in accordance with the specified temperature range.

293.20 29490 Z296.60 29530 300.00

Temperature [K]

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

Let us now display how the flow develops inside the exchanger.
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Displaying Flow Trajectories

Procedure

1.

Click the bottom pane to make it the active pane.

Flow Simulation allows you to display results in all four possible panes of the
SOLIDWORKS graphics area.

Moreover, for each pane you can specify different View Settings.
Click Window > Viewport > Two View - Horizontal.

To restore the view orientation in the top pane, click Right view on the Standard Views

toolbar.
H H @ (i

Click the bottom pane and select the Isometric view on the Standard Views toolbar.

@@@@

The gray contour around the pane border indicates that the view is active.

Click Geometry icon on the Flow Simulation Results Display Group toolbar or
on the Tools > Flow Simulation > Results tab of the CommandManager to show the

model, then click Hidden Lines Visible |[J7]| on the Heads-Up View toolbar to show the
face outlines.
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Displaying Flow Trajectories

6. Click the top pane and set the same display mode for it by clicking Hidden Lines

Visible again.

T

Termperature [1]
1

vector Plot Velocity [rrs]

“Right

GO0

F 560,32
L 53564
L 507 96
L ATT.28

4466

L 415492
L 38534

354 56
32388
2832

s

Y

A

Flsemetric

7. Click Flow Trajectories

LA E-F-o0-@R-0O-

on the Tools > Flow Simulation > Results tab of the CommandManager.

The Flow Trajectories dialog appears.
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Displaying Flow Trajectories

8. In the Flow Simulation Analysis tree select the Inlet Mass Flow — Cold Water item.

)

LT

(&

@ AEICIER
E]@ Solid Mater‘ia‘ls‘ -

- @ Insulators

=-FH Boundary Conditions

------ Eﬂ Environment Pressure —Warm™
------ Eﬂ Inlet Velocity —Haot Air

------- 'Eﬂ Environment Pressure — Air

|:_:|EE Goals
...y VG Av T of Tube
E@ Mesh
PO oLt e L b
« | Em

COIEEE

£5° Flow Trajectories 1

A
]

L S

Starting Points L

NEW id3-2@task

i

|2n j
=

|D.E|2m =

This will select the inner face of the Lid3 to place the trajectories start points on it.
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Displaying Flow Trajectories

9. Under Appearance, from the Color by g, list select Velocity.

Appearance L
& IF‘ipes j
b, [000Em j

& |velocity j
E' [p004ms j
2 Co—

F# 255 E
' i
&y [0 =l
! =

ot

10. Click the Adjust Minimum/Maximum and Number of Levels | f# | and set Maximum
£ velocity to 0.004 m/s. o

11. Click OK +# .

Trajectories are created and displayed.

By default the trajectories are colored in accordance with the distribution of the
parameter specified in the Color by g, list. Since you specified velocity, the trajectory
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Displaying Flow Trajectories

color corresponds to the velocity value. To define a fixed color for flow trajectories
select Fixed Color from the Color by list.

0.004
I 0.0038
| 0.0032
. 0.0028
| 0.0024
. 0.002
| 0.0016
L 0.0012
0.0008

[ 0.0o04
0

Yelocity [rmis)

Note
D Notice that in the top pane the temperature contours are still displayed.

Because we are more interested in the temperature distribution, let us color the
trajectories with the values of temperature.
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Displaying Flow Trajectories

12. In the velocity palette bar click the caption with the name of the current visualization
parameter and select Temperature in the dropdown list.

4.0e-03

3.7e-03
| 3.4e-03
L 3.1e-03
| 2.8e-03
L 2.5e-03
| 2.2e-03
L 1.8e-03
L 1.5e-03
L 1.2e-03
| 9.2e-04

6.2e-04
[ 3.1e-04
0

Welocity j f | X|

Preszure

Welocity
Welocity [<]
Welocity 7]
Welocity [£]
Temperature [Fluid]
t ach Mumber
Density

13. Click 7]

14. Immediately the trajectories are updated.

600
' 569.32
L 538.64
L 507 .96
L 47728
_ 446.6
L 41592
L 385.24
. 3594.96

323.488

2832
Temperature [K]

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

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

15. 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.

aan

' 299.32
L 2958.64
L 297 .96
L 29T7.28
. 296.6
L 29592
L 29524
L 294.56

293.488

2832
Temperature [K]

Note
Surface Parameters allows you to display parameter values (minimum, maximum,

average and integral) calculated over the specified surface. All parameters are
divided into two categories: Local and Integral. For local parameters (pressure,
temperature, velocity etc.) the maximum, minimum and average values are evaluated.
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Viewing the Surface Parameters

You can view the surface parameters.

Surface Parameters (Water Outlet)
Surface Parameters (Air Outlet)

Surface Parameters (Water Outlet)

You can define the surface parameters (water outlet).

Procedure

1. Click Surface Parameters on the Flow Simulation Results Insert Group toolbar
or on the Tools > Flow Simulation > Results tab of the CommandManager.

The Surface Parameters dialog appears.

In the Flow Simulation Analysis tree select the Environment Pressure - Warm Water
item to select the inner face of the Lid4.

s

Eﬂ Boundary Conditions -

COIEEE

<$> Surface Parameters 1

A
{101

L 4

Selection L

@ |lids-2@task

[T Use all faces

¥ Consider entire model

3. Select Consider entire model to take into account the Symmetry condition to see the
values of parameters as if the entire model, not a half of it, was calculated. This is
especially convenient for such parameters as mass and volume flow.
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Viewing the Surface Parameters

4. Under Parameters, select All.

Parameters L

B -
[l Density [Fluid)

Mass Flow Rate

Mass Fraction of Air

Mass Fraction of Water

vl Pressure

Temperature [Fluid)

Temperature [Solid)

g =l

}zfvx IGI:::I::aI Coordinate System

[ More Parameters... ]

5. Click Show.

The calculated parameter 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 the right side.

Take a look at the local parameters.

Local Parameter Minimum  |Maximum | Average  |BulkAverage | Surface Area[m~2] |
Pressure [Pa] 202650 202650 202650 202650 0.0039
Density [kafm~3] 991.3 957,3 995.7 95,5 0.0039
velocity [mjs) 216004 | 3.92-003 2,6e-003 | 3.1e-003 0.0039
velocity () [mys] -1.5e-004  2.1e-004  -2,4e-006  -2.4e-005 0.0039
velocity () [mys] 1.9e-004 |3.9e-005 2.6e-003  3.1e-003 0.0039
velocity (Z) [m/s] -1,9e-004 | 1.5e-004 6,7e-006 | 2.1e-005 0.0039
Mach Mumber [ ] 0 0 0 0 0.0039
Temperature (Flsd) [K]  294.4 313.5 3004 0.0039

You can see that the average water temperature at the outlet is about 300 K.

Surface Parameters (Air Outlet)

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

1. Click the Environment Pressure - Air item to select the inner face of the Lid2.

: @- [hput Cata
@ Computational Domain

=P Boundary Conditions
] Inlet Mass Flow - Cold Water

------- ] Enviranment Pressure - W arm Water

- ]ﬁ E nwironment Pre
|'__'||"'-;= Goalz
By WG Av T of Tube
E@E Reszults

2. At the bottom pane, click Refresh +s .

3. Look at the local parameters at the left side of the bottom pane.

Local Paramneter [Minimum | Maximum | Average | Bulk Average | Surface Area [m™Z] |
Pressure [Pa] 101325 101325 101325 101325 0.0039
Density [kgim™3] 0.6 0.7 0.6 0.6 0.0039
welocity [m/s] 5.1 10,2 9.5 9.5 0.0039
welocity (%3 [m)s] -9.5e-002 | 0.1 -z.1e-002 | -Z.0e-002 0.0039
welocity (%) [m)s] -5.7e-002 0.1 -z.6e-004 | -Z.6e-004 0.0039
welocity (23 [ms] -10.7 5.1 9.5 9.5 0.0039
Mach Mumber [ ] 0.0z 0.0z 0.0z 0.0z 0.0039
Temperature (Fluidi [K]  521.1 00,0 535.5 556.0 0.0039

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

4. 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 kgs. This value is calculated with the
Consider entire model option selected, i.e. taking into account the Symmetry

condition.
Inkegral Parameter |value | #-component | ¥-component | Z-component | Surface Area [m™2] |
Mass Flow Rate [ka)'s) -0.046 0.0075
Yolume Flow Rate [m~3/s] | -0.0764 0.0075
Surface Area [m™z] 0.0075 ] ] 0.0075 0.0075
Total Enthalpy Rate [W] | -27495.7 0.0075
niformity Index [ ] 1.9552330 0.0075
CAD Fluid Area [m™z2] 0.0079 0.0079
CAD Solid Area [mz2] 0.0079 0.0079

Click OK «# to close the dialog box.
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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=nic). In this example the water mass flow rate is 0.02 kg/s
and the air mass flow rate is 0.046 kgs.

The specific heat of water at the temperature of 300 K is about five times greater than that of air
at the temperature of 586 K. Thus, the air capacity rate is less than the water capacity rate.
Therefore, according to J.P. Holman. “Heat Transfer” Eighth edition, the heat exchanger
efficiency is calculated as follows:

iniet outiet
Tﬁzat - That

£ = —/—/———
iniet niet ?
Tﬁzat - Tzala’

where Tiriet is the temperature of the air at the inlet, Tguer is the temperature of the air at the

outlet and Tiniet is the 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:

inlet o utlet
et _ ToL 600 — 586
g — Lhet T thet = 0.045
niet Tig%t a0 - 2932

Rt

As you can see, Flow Simulation is a powerful tool for heat-exchanger design calculations.
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Mesh Optimization

The goal of this tutorial example is to demonstrate various meshing capabilities of Flow
Simulation allowing you to perform manual adjustment of the computational mesh. Although
the automatically generated mesh is usually appropriate, intricate problems with thin and/or
small, but important, geometrical and physical features can result in extremely high number of
cells, for which the computer memory may be too small. In such cases we recommend you
trying the Flow Simulation options allowing you to manually adjust the computational mesh to
the solved problem's features to resolve them better. This tutorial teaches you how to do this.

The considered Ejector in Exhaust Hood example aims to:

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

e Resolve small features by specifying local mesh settings.
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The ejector model is shown in the picture below. Note that the ejector orifice’s diameter is more
than 1000 times smaller than the characteristic model size determined as the computational
domain’s overall dimension.

Exhaust Hh
y / T
Opening
Baffles 4 / B
2
Ly
Ejector ﬂ

Ejected chlorine orifice

/S

Z

Openingthe Model........oiiiiiiiiiiiiiiiiiiiiiiiiiiieirnenenecannenenns 259
Creating a Flow Simulation Project. ..........ciiiiiiiiiiiiiiiiiiiiiinnenenns 259
Specifying Boundary Conditions and Global Mesh Settings...................... 260
Manual Specification of the Minimum Gap Size ............ccciiiiiiiiienen.. 263
Viewing the Resulting Mesh . ...... ... ittt iiiieneennns 265
Manual Mesh Definition . ......coiuiiiiiiiiiiiiiii i iiiiirieiieneennnenenss 268
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Opening the Model

Using the Local Mesh Option
Specifying Control Planes. .........cciuiiiiiiiiiiiiiiiineeneeneenesnssnnnns
Creating a Second Local Mesh

Opening the Model

You can open the model.

Procedure

1. Copy the B4 — Mesh folder into your working directory.

2. Ensure that the files are not read-only since Flow Simulation will save input data to

these files.

3. Open the exhaust hood.sldasm assembly.

Note

To skip the project definition and run the Flow Simulation project defined in
accordance with the tutorial, you will need to open the exhaust hood.sldasm
assembly located in the B4 - Mesh\Ready folder and run the desired projects.

Creating a Flow Simulation Project

Use the Wizard to create a new project.

Project name

Global Automatic

Configuration

Use current

Unit system

US4

Analysis type

Physical features

o Fluid Flow
e Gravity:

e Default gravity
(Y component = -32.1850394 ft/s"2)

Geometry handling

e Analysis type: Internal
o Lxclude cavities without conditions

Fluids substances

Air, Chlorine

Wall conditions

Adiabatic wall, default smooth walls

Initial conditions

Initial gas concentration: Air = I, Chlorine = 0
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Note
When you enable gravitation, pay attention that the hydrostatic pressure is calculated with

respect to the global coordinate system, as follows: Py g,o51aiic = P(&:™X + &%y + g.%2),
where p - reference density, g; - component of the gravitational acceleration vector and x, y,

z - coordinates in the global coordinate system.

Specifying Boundary Conditions and Global Mesh
Settings

You can specify all the necessary boundary conditions because they influence the automatic
global mesh settings through the automatic minimum gap size, which depends on the
characteristic size of the faces on which the boundary conditions are set.

Note
Flow Simulation calculates 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.

Procedure
1. Specify the following Global Mesh settings:

Type Automatic
Level of initial mesh 3 (default)
Minimum gap size Automatic
Other options are default

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

Inlet Environment Pressure:
Boundary .
Condition Default values (14.6959 Ibfin?,

gas substance — Air) of the
Environment pressure and
Temperature (68.09 °F) at the

box’s Lid for Face Opening.
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Outlet Outlet Volume Flow:

Boundary

Condition Outlet vol?me flow rate’ of
1000 flj/mm at the box’s
Exhaust Lid.

2. Click Tools > Flow Simulation > Project > Rebuild.

3. Open the Global Mesh dialog box (double-click the Mesh > Global Mesh icon in the
Flow Simulation Analysis tree).

You will see that the current automatic Minimum Gap Size is 0.5 ft, which is the
width of the outlet opening.

Click Cancel to close this dialog box.

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

Inlet Inlet Volume Flow: _

goug‘.je.lry Inlet chlorine (Substance 1 ——
ondition concentrations: Chlorine = 1;

Air = 0) volume flow rate of

0.14fz‘3/min at the lid that : |

closes the orifice (make sure 1 =

that you have selected the -
upper face of the lid).

4. Click Tools > Flow Simulation > Project > Rebuild.

Results

If you now look at the automatic minimum gap size value (double-click the Mesh > Global
Mesh icon in the Flow Simulation Analysis tree), you will notice that the Minimum Gap Size

is now changed to approximately 0.00446 ft, which is close to the orifice diameter.
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Note
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 parameters governing the mesh are set by Flow Simulation (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 value will produce a non-
optimal mesh: not only will all small gaps be resolved, but there will also be many small cells in
places where they are not necessary. As a result, 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 ejector’s porous media and apply it to the ejector’s top and side screens.

The material 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.

Porous Media | Screen material:
Porosity: 0.5

Permeability type: Isotropic,

T
. ]
Dependency on velocity: e Degencencysnvevcty =]
_ 4 - o7 iyl
A =0.07 kgm®, . 30-008 koA
_ 3 Pare size 1 e-005 m
B = 3e-008 kg/(s*m°), S
. Heal conduciviy of porsus matri
Pore size: default value
. ot [immages Bwsden
Components to apply: -G Lighis s Comers
5 FROMNT
Top Screen S base
. % [Esce wey e S CEMTERLME
Side Screen oo 1660t o Eohad L. g
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To see advantages of using the local mesh and refinement options, let us first try to generate the
computational mesh governed by the automatic mesh settings. The resulting mesh will consist
of more than 1 000 000 cells, and may be not processed by some computers due to the computer
memory restriction (you may get a warning message about insufficient memory).

Manual Specification of the Minimum Gap Size

We can distinguish two parts of the model that are very different in size: a relatively big cavity
having several thin walls within and no small solid features, and the ejector’s region containing
some very fine geometrical features. Therefore, the mesh required to resolve the ejector
properly and the mesh appropriate for the rest of the model should be also very different in
terms of cell size. Since the ejector 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’s region will be resolved without excessive mesh splitting.

The minimum gap size value, automatically defined from the dimensions of the ejector’s Top
Screen and Side Screen components, is too small and will result in excessive mesh splitting.

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

e Boundary conditions;
e The passages connecting the ejector’s internal volume with the model’s cavity;

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

0.067 ft

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Under Settings, use the slider to set the Level of initial mesh O, to S.
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3. Click Minimum Gap Size and enter 0.067 ft.

|| Global Mesh Settings |

R

bl

Type
Automatic
Manual

Settings =
EE 1 5 ¥
= =
0.067 ft =
n Advanced channel
refinement
[T Show basic mesh
[T Close Thin Siots ¥ ||

4. Click OK «# .

Viewing the Resulting Mesh

You can view the resulting mesh.
Procedure
1.

2. Select Create Mesh from the shortcut menu.

EI@ Mesh

-l ¢ B Global Mesh

Inzert Local Mesh...

Show Basic Mesh

Basic Mesh Color...

[= Create Mesh... Ib

Delete All Local Meshes

Right-click Input Data > Mesh icon in the Flow Simulation Analysis tree.
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3. Click Run.
Fun ? *
Mesh Take previous results
. Close
Solve
Mew calculation Help

Continue calculation

Cores and memory usage

Run at: This computer “ | []Close CAD
lze use all] w | Core(z)

Results processing after finishing the calculation

Load results Batch Results...

4. After the mesh generation is finished you can display it for investigation.

Create a Cut Plot on the CENTERLINE plane with the Mesh option selected.
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Results

The resulting mesh has significantly less cells than the mesh generated automatically with the
default value of Minimum gap size. The total number of cells is about 325 000.
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Manual 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 and so does not affect the solution much. 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 cells will provide us a computer memory
reserve needed to resolve better fine geometrical features of the ejector.

Procedure

l.
2.

Click Tools > Flow Simulation > Project > Rebuild.

Click Tools > Flow Simulation > Project > Clone Project and type a project name:
Global Manual.

Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.
Under Type, click the Manual .
Under Basic Mesh, you can control the basic mesh by specifying Control Planes.

Note
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. The
initial mesh is constructed from the Basic mesh by refining the basic mesh cells in
accordance with the specified mesh settings. When the calculation starts, the initial mesh

could be further refined during the calculation if the solution-adaptive meshing is
enabled.

The initial mesh’s parameters are currently set by Flow Simulation in accordance with
the previously specified automatic Global Mesh settings, including Minimum Gap
Size.
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6. Under Channels, set the Maximum Channel Refinement Level 'Da to 1. This allows us
to reduce the number of cells in the channels between the baffles and the wall of the box.

£ Global Mesh Settings

v X
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£4 | Automatic
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Basic Mesh
Refining Cells
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Note
B The Maximum channel refinement level specifies the smallest size of the cells in

model’s flow passages with respect to the basic mesh cells. So if N =0...9 is the
specified Maximum channel 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.

7. Under Advanced Refinement, set the Tolerance Level as to 3. This allows us to
reduce the number of cells at solid/fluid interfaces.
Results

To view the resulting mesh, run the mesh generation again (without further problem
calculation).
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The resulting mesh is shown below. It consists of about 96 000 cells.
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Using the Local Mesh Option

While the ejector’s geometry is resolved reasonably well, the inlet face of the ejector’s orifice
needs finer mesh in order to resolve it properly. The resolution of the boundary condition face is
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very important for imposing the boundary condition correctly. To resolve the gas inlet face
properly we will use the Local Mesh option.

The local mesh option allows you to specify mesh settings in a local region of the computational
domain to resolve better the model geometry and/or flow peculiarities in this region. The local
region can be defined by a component of the assembly (disabled in the Component Control
dialog box, in case it belongs to the fluid region) or specified by selecting a face, edge or vertex
of the model. Local mesh settings are applied to all cells intersected by a component, face, edge,
or a cell enclosing the selected vertex.

Procedure

1. Click Tools > Flow Simulation > Project > Clone Project and type a project name:
Local Mesh 1.

2. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

3. Select the inlet face of the ejector’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.

| Local Mesh Settings 2
K

bl

Selection

% Face<1>@Ejector-1/Ejector
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4. Under Refining cells, use the slider to set both the Level of Refining Fluid Cells =L
and the Level of Refining Cells at Fluid/Solid Boundary [ to 7.

5. Click OK .

Results
To see the resulting mesh, once again run the mesh generation.

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

Before specifying local mesh. After specifying local mesh.

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.
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You can control the basic mesh in several ways:

e Change number of the basic mesh cells along the X, Y, Z-axes.
e 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.

Note
% 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 ejector’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.

Procedure

1. Click Tools > Flow Simulation > Project > Clone Project and type a project name:
Control Planes.

2. Click Wireframe |[{Z]| on the Heads-Up View toolbar to show only the face outlines.

The wireframe display mode makes it easier to select small geometrical features.
3. In the Global Mesh dialog box, under Basic Mesh click Control Planes.

The Control Planes pane appears at the bottom of the screen.

4. On the toolbar, click Reference M and Coordinate Z ﬂ
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5. Zoom in to the ejector’s orifice area and select the edge of the inlet face in the graphics
area. The control plane will pass through the middle of the edge orthogonal to the Global
Coordinate System plane selected on the toolbar.

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 corresponding row in the Control
Planes table and select Delete Plane, then try to select the edge of the inlet face again.

6. Click OK.

The Z1 control plane appears in the Control planes table.

Note
You can visualize the basic mesh before solving the problem. To see the basic mesh,
check Show under Basic Mesh in the Global Mesh dialog.

7. Click OK «# to save changes and close the Global Mesh dialog box.

Then, generate the initial mesh to check whether the thin walls and the other geometry
are resolved.
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8. Click Tools > Flow Simulation > Solve > Run.

Fun ? *
Mesh Take previous results
Solve i
Mew calculation Help

Continue calculation

Cores and memory usage

Run at: This computer “ | []Close CAD

sz use all] + | Core(s)

Results processing after finishing the calculation

Load results Batch Results...

9. Clear the Solve check box in order to generate the mesh only.
10. Clear the Load results check box.
11. Click Run.

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

By default, Flow Simulation shows the model’s geometry when displaying the results.
Depending on how exactly the model has been resolved with the computational mesh,
the model’s geometry may differ from the geometry used in the calculation. To display
the real captured geometry the Use CAD geometry option is reserved.
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12. Click Tools > Flow Simulation > Tools > Options.

Flow Simulation Options |

Parameter | " alue |i
= General Options
...... Fart Arial
------ U zer-defined database location C:AProgramD atatCOSMOS Applical
------ Directomn for external databazes C:hProgramD ata\COSMOS Applical
...... Dizplay mesh
------ Use CPUs [Defaul [use all
------ Maritor Layout [Default) Riecent
------ Automatically show callouts
------ Update fluid volume Automatic
e ShowHide wall thickness Hide
Unit Options

ID1 Options b
=l Yiew Options
Color Bar [Default]

Digplay while dynamic [Default]
- Interpolate results [Default]
- Usze CAD geometry [Defalt] L]
- Always dizable CAD geometry for Play mode LI

13. On the Flow Simulation Options tab, under General Options, select the Display mesh
check box.

14. Under View Options clear the Use CAD geometry (Default) check box.
Click OK.

15. Next load the file with the initial computational mesh: right-click the Results icon and
select Load Results, then select the 4.cpt file and click Open.
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Note that the total number of cells is about 100 000.

F: Load Results from File

I Goals anky

= = [T | Propeity Vabun
J a r Fibar W st 4cpl
| 7| oate modfied | -] Type =] | Fie Tope CFT
06,06, 2016 15:38  File folder |bez shion 1]
06,05, 2015 15:38  CPTFie Prysical Teme 0
06,05,.2015 15:38 FLDFle Total cals 93974
Fhsd colls F5574
Fhad colls co... 35788
lmeguar Cellz: 0
i 2.104
i 2104
i B 7004
v 159
Zrmin -1.3301
Zma 1334
Irbemal Weg
| 2
[ |
Jradcot) =l Cancel | . -

Note

The calculation results are saved in the .fId files, whereas the computational mesh is
saved separately in the .cpt files. All of the files are saved in the project folder,
whose numerical name is formed by Flow Simulation and must not be changed.

16. Create a cut plot based on the CENTERLINE plane with the Mesh option selected.

17. Create a second cut plot based on the ejector’s orifice inlet face with the Offset of
-0.000125 ft relative to the selected face and the same settings as the first cut plot.

Results

Now you can see that the generated mesh is symmetrical relative to the center of the inlet face.
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Creating a Second Local Mesh

With the specified mesh settings the ejector’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 ejector, where the thin stream of chlorine is injected from the ejector’s
orifice. Therefore the mesh within the ejector’s region must be split additionally. To refine the
mesh only in this region and avoid excessive splitting of the mesh cells in other parts of the
model, we apply a local mesh at the component surrounding this region. The component was
created specially to specify the local mesh.

Procedure

1. Click Tools > Flow Simulation > Project > Clone Project and type a project name:
Local Mesh 2.

2. Set to resolved the localmesh2 component.
3. Click Close after Flow Simulation shows you a warning message.

Note that this component was created so that there is a small distance between the
boundaries of the component and the solid feature of interest (i.e., the ejector). Because
the local settings are applied only to the cells whose centers lie within the selected model
component, it is recommended to have the component's boundaries offset from the solid
component's walls.

After resolving the localmesh2 component an error message appears informing you that
the inlet 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 as a fluid region.

4. Click Tools > Flow Simulation > Component Control and deselect the
localmesh2-1 component.

5. Click OK «# .
|D-E ] [] = [] []
o K
State =
E% gjector in exhaust hood
- Wy Box-1
@ W Ejector-1

% LocalMesh2-1 n

6. Rebuild the project by clicking Tools > Flow Simulation > Project > Rebuild.

Next specify the local mesh settings for the ejector’s region.
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7. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

8. In the flyout FeatureManager design tree select the localmesh2 component.
% Local Mesh Settings
v X

Selection Lt

s

% localmesh2-1@ejector in exhaust hoo

[T Disable solid compaonents

Refining Cells v
" Equidistant Refinement w
¥ Channels ~
P

I |1 5 j
—

- n 5 3
| [ j
=N j
¥ Advanced Refinement v
[ Close Thin Slots v
N Display Refinement Level v

9. Under Channels, specify the Characteristic Number of Cells Across Channel 3¢
equal to 15.

10. Use the slider to set the Maximum Channels Refinement Level 'Da to 3.

11. Click OK +# .
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Note
The settings under Channels controls the mesh refinement in the model’s flow

passages. Characteristic Number of Cells Across Channel box specify the
number of initial mesh cells that Flow Simulation will try to set across the model’s flow
passages in the direction normal to solid/fluid interface. If possible, the number of cells
across channels will be equal to the specified characteristic number, otherwise it will be
close to the characteristic number. If this condition is not satisfied, the cells lying in this
direction will be split to satisfy the condition.

12. Rebuild the project and run the mesh generation again.

Click Geometry icon on the Flow Simulation Results Display Group toolbar or

on the Tools > Flow Simulation > Results tab of the CommandManager to hide the
model.

Results

In the figure below you can see the final mesh. After all the adjustments made to resolve only
the regions of interest its number of cells turned out to be about 120 000. This order is less
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Creating a Second Local Mesh

comparing to the mesh generated using the automatic mesh settings, where the number of cells

turned out to be more than 1 000 000.
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Chapter 4
Advanced Examples

The Advanced Examples presented below demonstrate how to use a wide variety of the Flow
Simulation features to solve real-life engineering problems. It is assumed that you successfully
completed all First Steps examples before.

e CI - Application of EFD Zooming

e (2 - Textile Machine

e (3 - Non-Newtonian Flow in a Channel with Cylinders
e (4 - Radiative Heat Transfer

e (S5 - Rotating Impeller

e (6 - CPU Cooler

e (7-0Oil Catch Can

Application of EFD Zooming .. .......coitiiiiiiiiiiiiiirneseeeessnssnssnsns 284
Textile Machine . ......coitiiiiiiiiiiiiiiieieeseeseeseesnssnssnssnssnsns 314
Non-Newtonian Flow in a Channel with Cylinders ..................cc0vvin.n. 333
Radiative Heat Transfer ......... ..ottt iiiiiiiiiiiirierneenrenrsnssnnns 340
Rotating Impeller. . .......ooitiiiiiiiiiiiiiiiiiiiiteereeseesnssnssnssnsns 354
L O 171 - o 366
OilCatch Can. ... ..ottt ittt iiiiiiiiititeteesessessessessnsssssnssnssnses 379
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Application of EFD Zooming

The Flow Simulation capability of EFD Zooming is demonstrated as an engineering tutorial
example of selecting a better heat sink shape for a main chip taking into account other electronic
components in an electronic enclosure.

The assembly model of the electronic enclosure including the main chip’s heat sink under
consideration is shown in the figure below. 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 sources inside). 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 a heat sink
cooled by the air stream from the fan.

Heat Sink PCB

Inlet Fan

Main Chip

Capacitors

Power Supply
Motherboard

The problem’s engineering aim is to determine the temperature of the main chip when using one
of two heat sink designs considered with the other conditions unchanged within the enclosure.
As a result, we will determinate difference in cooling capability between these two competing
shapes.
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No. 1 No. 2
The heat sink’s competing shapes. (No.1 and No.2)

As you can see, all components within the electronic enclosure except the main chip’s heat sink
are specified as coarse shapes without any small details, since they do not influence the main
chip’s temperature which is the 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.

To solve this problem, Flow Simulation offers two possible approaches described below.

In the first and more direct way, we compute the entire flow inside the whole electronic
enclosure for each heat sink shape using the Local Mesh option for constructing a fine
computational mesh in the heat sink’s narrow channels and thin fins. Naturally, the Conduction
option is enabled 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 stages:

1. computing the entire flow inside the whole electronic enclosure at a low result resolution
level without resolving the heat sink’s fine features (so, the parallelepiped envelope is
specified instead of the heat sink’s comb shape) and disabling the Conduction 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 a fine
computational mesh in the heat sink’s narrow channels and thin fins to resolve them, and
enabling the Conduction 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.

EFD Zooming Approach to Solve the Problem....................ciiiiiiiat. 286
First Stage of EFD Zooming...........ccoiitiiiiiiiiiiieeneenrenrsnssnssnses 287
Second Stage of EFD Zooming .. .......cciiitiiiiiiirinnetseeroeassansannns 294
Local Mesh Approach ....... ...ttt iiierieeeeesnorosnsosnsannns 304
Getting Results. . ......iitiiiiiiiiiiiiiiiiiiiiiiieeeseossensosnsssnsssnnans 311
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EFD Zooming Approach to Solve the Problem

Let 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 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 parallelepiped envelope instead.

lst

A parallelepiped heat sink is used at the 1> stage of EFD Zooming.

The model simplification at this stage allows us to compute the electronic enclosure’s flow by
employing the automatic initial mesh settings with a lower 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 is also 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 (5 W) heat transfer rates at the main chip and heat sink (parallelepiped) 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. This is not obligatory, but removing the heat conduction in solids at
this stage saves computer resources. As a result, the computer resources (memory and CPU
time) required at this stage are substantially reduced.

Openingthe Model. . ... ..ottt ieeeeeeneeneenssnssnssnsns 288
Creating a Flow Simulation Project.......... ..ottt iiiiiiiiiiiiiiiinnenenns 288
Specifying Unit System . .......outiiiiiiiiiiiiiiineeneseeeneenssnssnssnsnns 289
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Specifying Boundary Conditions ............coiiitiiiiiiiiineenrenrnnrsnnnns 290
Specifying Heat Sources .........couiiiiiiiiiriernereeseesnssnssnssnssnsons 291
Specifying Goals. . ....oviitiitiiiiiiitiiiiiitiiettereesessessessnssnssnsons 292
Specifying Mesh Settings. . ........iiiiiiiiiiiiiiiiiiiiinienreneenrsnssnsnns 292
Running the Calculation ........ ..ottt rnereeenesnssnsonsns 293

Opening the Model
You can open the model for the first stage of EFD Zooming.

Procedure

1. Copy the CI - Zooming folder into your working directory and ensure that the files are
not read-only since Flow Simulation will save input data to these files.

2. Open the assembly.sldasm assembly.

Alternatively, you can drag and drop the assembly.sldasm file to an empty area of
SOLIDWORKS window.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the assembly.sldasm assembly
located in the C1 - Zooming\Ready folder and run the desired projects.

3. Make sure that the Global configuration is the active one.

Notice that the heat sink (Heat sink) has its cuts suppressed, so it looks like a
parallelepiped.

Creating a Flow Simulation Project

Using the Wizard create a new project.

Project name Zoom — Global — L4
Configuration name Global
Unit system USA
Analysis type Physical features

o Fluid Flow

Geometry handling
e Analysis type: Internal
e FExclude cavities without conditions
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Fluid Gases / Air

Wall Conditions Adiabatic wall, Zero roughness
Initial and Ambient Default conditions

Conditions

Specifying Unit System
After passing the Wizard, first we will adjust the system of units.

Procedure

1. Click Tools > Flow Simulation > Units.

Unit Spstem EHE
Uit system:
| -
Mame LS,
Corment S - Load.. |
Parameter Uik Decimalz i resulls dizplay 1 51 unit equals
= Main Pl I
Pressure & stress bfAn"2 | 123456
Velocily s 173 _ el |
Mazs Ib Nz3 Help
Length in 23
Temperabuse i3 a2
Physical lime % 23
& Geomehical Charactesistic
# LoadskMation
= Heat
Erergy Blu 123456
(Total heat flow & power] W 123
Heat fhx A2 | 1234 —
Heat release perunil volure  Blwivi™ | 1234 :
Stanton number 1234
Heat trarsler coelficient i/ MIF | 1234
Heat resistance T 1234
Thermal resislance T2 | 1234
Temnerahsq dinn * 123 ;I

2. Specify Inch for the Length and Watt for the Total Heat flow & power.
Click Save.
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3. In the Save to Database dialog box, expand the Units group and select the User

Defined item.

Save to Databasze

nit zpztem name;

IEIE::tru:uniu:sl

Save in:

=] Units
i) Uzer Defined

o]

Help

4. Name the new system of units Electronics.

5. Click OK to return to the Unit System dialog box.

6. Click OK.

Specifying Boundary Conditions

We will specify External Inlet Fan at the inlet, Environment Pressure at three outlets.

For more detailed explanation of how to set these conditions, you can refer to the Conjugate

Heat Transfer tutorial.

Inlet
Boundary
Condition

External Inlet Fan:

Pre-Defined)

Fan Curves\PAPST)
DC-Axial\Series 400\
405\405 with default
settings (environment
pressure of

14.6959 Ibfin’,
temperature of

68.09 °F) set at the Inlet
lid;
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Outlet Environment
Boundary Pressure:

Condition Default thermodynamic 4 “

parameters (ambient
pressure of

14.6959 Ibfin?,
temperature of
68.09 °F) for the

Environment pressure at
the Outlet lids.

Specifying 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 (5 W) heat transfer rates at the main chip and the heat
sink (parallelepiped) faces and at the small chips’ faces. Since we do not consider heat

conduction in solids in this project, the surface heat source is applied only to the faces
contacting with fluid.

Procedure
1. Choose Tools > Flow Simulation > Insert > Surface Source.

2. In the flyout FeatureManager design tree, select the Heat sink and Main chip
components.

The selected components appear in the Faces to Apply the Surface Source Ny list.

" ' surface Source

R

selection =

m Heat Sink-1@endosure assemb

Main Chip-1@endosure assemh

&
7]
}zfvx |I3I|:|I:|al Coordinate Spstem

Reference axis: Ix vI

Parameter =
[Qf“‘il?]
==
Q [w —
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3. Under Parameter, set the Heat Transfer Rate Q toSW.

Note
The specified heat source value (Heat Transfer Rate) is distributed among the

selected faces in proportion to their areas. Only faces contacting with fluid are taken
into account.

4. Click OK «# .

5. Following the same procedure, create a surface source of 5 W on the fluid-contacting
surfaces of small chips.

\

Specifying Goals

Specify the surface goals of mass flow rate at the inlet and outlet.

EPE Goalz
- ?‘5( SG Mass Flow Ratel

Specifying Mesh Settings
For this project we use the automatic global mesh and the default computational domain.

Specify the following Global Mesh settings:

Type Automatic

Level of initial mesh 4

Other options are default
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Running the Calculation

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.
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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 computation
results as boundary conditions. To compute the solids temperature, we enable the Conduction
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.

Openingthe Model. . ......coiuiiiiiiiiiiiiieieereeeeesneensenssnsonsonses 294
Creating a Flow Simulation Project........... ..ot iiiiiiiiiiiiienrnnnns 294
Adjusting the Computational Domain Size...............cciiiiiiiiiiiinennn. 295
Specifying Transferred Boundary Conditions ..............cciiiiiiiiinrnnnnns 297
Specifying Heat Sources .........couiiiiiiiiitiernereeseesnssnsonssnssnsons 299
Specifying Solid Materials. .. ..ottt iiirienrenrenrsnssnnnns 299
Specifying Goals. . ....oviitiitiiiiiiiiiii ittt teeseossssnssnssnssnssnsons 301
Specifying Mesh Settings. . ........iiiiiiiiiiiiiiiiiiiiiiieneeneenrsnssnnnns 301
Running the Calculation ..........coiiiuiiiiiiiiiiiiiiiinerneeeesnronssnsns 301
Changing the Heat Sink Configuration..............cciiiiiiiiiiiiinenrennns 302
Cloning Project to the Existing Configuration ............. ..o, 302

Opening the Model

Activate the Sink_1 (Zoom) configuration.

Notice that heat sink’s cuts are resolved now.

Creating a Flow Simulation Project

Use the Wizard to create a new project.
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Project name

Zoom — Sink 1 — L4

Configuration name

Sink 1 (Zoom)

Unit system

Electronics

Analysis type

Physical features

o Fluid Flow

e Conduction
Geometry handling

e Analysis type: Internal
o [Ixclude cavities without conditions

Fluid

Gases / Air

Default solid

Metals / Aluminum

Wall Condition

Adiabatic wall, Zero roughness

Initial and Ambient
Conditions

Default initial conditions (in particular, the
initial solid temperature is 68.09 °F)

Next, we will reduce the computational domain to focus on the main chip, that is, perform EFD

Zooming.

Adjusting the Computational Domain Size

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.

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:

the flow and solid parameters at these boundaries, taken from the first stage’s
computation, must be as uniform as possible;

the boundaries must not lie too close to the object of interest, since the object’s features
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 conditions transferred to or specified at the boundaries must be consistent
with the problem’s statements (for example, if in the problem under consideration the
motherboard is made of a heat-conducting material, then it is incorrect to cut the
motherboard with computational domain boundaries, since this will yield an incorrect
heat flux from the chip through the motherboard).
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In this project we specify the following computational domain boundaries satisfying the above-
mentioned requirements.

Procedure

Right-click Computational Domain icon and select Edit Definition to adjust the
computational domain size as follows:

Xmax = 0.7 in (the boundary conditions in the fluid region of this boundary are
transferred from the first stage’s computation results, the same boundary conditions
as at Xmin = -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 conditions
as at Zmin = -1.1 in are automatically specified at the lower solid part lying in the
motherboard),

Xmin = -2.95 in (entirely lies inside the electronic 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-insulating motherboard and the air flow, its
boundary condition is automatically specified as the 68.09 °F temperature specified
as the initial condition for all solids),

Ymax =4 in, Ymin = -1 in (the boundary conditions at these boundaries are
specified in the same manner as at Xmax = 0.7 in, as well as at the boundaries’ side
parts also lying in the aluminum wall),

Zmax = 1.2 in (entirely lies inside the electronic enclosure’s aluminum upper wall,
therefore the same boundary condition, as at Xmin = -2.95 in, are automatically
specified at this boundary),

Zmin = -1.1 in (entirely lies inside the motherboard specified as a heat insulator,
therefore the adiabatic wall boundary condition is automatically specified at this
boundary).

The reduced computational domain.
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Specifying Transferred Boundary Conditions
You can specify transferred boundary conditions.

Procedure

1. Choose Tools > Flow Simulation > Insert > Transferred Boundary Condition.

Step 1 - Selecting Boundaries

2. Add the Xmax, Ymax and Ymin Computational domain boundaries to the
Boundaries to apply the transferred boundary condition list. To add a boundary,
select it and click Add, or double-click a boundary.

3. Click Next.
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4. At Step 2, click Browse to select the Flow Simulation project whose results will be used
as boundary conditions for the current Zoom — Sink 1 — L4 project.

Step 2 - Selecting Results to Transfer H |

Select Fow Simulation project or results (™ fid) file to apply the transfemed boundary condition.

% Flow Simulation projact

" Resuls file ("fid)
Selected Flow Simulation project or results (™ fid) file:
enclosure assembly SLDASM@E&Zoom - Global - Ld [Global] | Brows=... I
<Bock | MNet> | Concd | Hep |
Note
You can select a calculated project of any currently open model, or browse for the
results (.fld) file.

5. Inthe Browse for Project dialog select the Zoom — Global — L4 project and click OK.
6. Click Next.
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7. At Step 3, accept Ambient as the Boundary condition type.

Step 3 - Specifying Type of Condition [ 7]

Select ype of the transfemed bounday condition.

Boundary condition type:

Impulse

Welociy
Stalic prezsure
Total pressure
<Back | Fiish |  Cancel | Hep |
Note

The Ambient boundary condition consists of specifying (by taking results of a

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 conditions in
an external analysis. If Conduction is enabled, then the solid temperature is specified at
this 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.

Specifying Heat Sources

Volume Source of 5 W heat generation rate in the main chip.

% Heat Sink<1> > [Fes..
% Small Chip<ls >
% Small Chipe2s >
% Smal Chip<ds

b

Parameter
CAEIES

Q W 2

Specifying Solid Materials

You can specify solid materials.
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e Main chip is made of silicon (Pre-Defined/Semiconductors);

%7 Solid Material

R

b

Selection

®

Main Chip-1@Enclosure Ass

Solid

b

= Pre-Defined

7 Metalz

- Glazzes and Mineralz
- Mon-izotropic

- Polymers

- S_emiu:u:unduu:tu:urs

2
r
2
o

[

ISiIiu:u:un

[ Create/Edit. .. ]

Q& [ Enclozure<s
Q& MotherBoard< 1> -»

Q& Capacitor<1x -»
Q& Capacitorg 2 -»
Q& Capacitorg 3> -»
Q& Power Supply<1s -»
% Heat Sink<1> - [Res...
W Small Chipets -
W Small Chipe2s -
W Small Chipe3s >
W Small Chipeds >
W Small Chip<ss >
"® Small Chip<ts -
Small Chip< s -»

o Small Chips8s -
[mlet Lid< 1> -»
COutlet Lid<1x -»
[-1 Fan Housing< 1 [D...
® (1 Screwcts> (Defaull
T () Screw<2s [Defaul

e Motherboard and Enclosure are made of insulator (Pre-Defined/Glasses & Minerals);

%7 Solid Material

R

b

Selection

®

Enclosure-1@Enclosure Ass

MotherBoard-1@Enclosure

Solid

b

= Pre-Defined
- Metals
= Glazses and Minerals
Ll Glass
- Mon-izotropic
- Polymers
- Semiconductors
- Alloys

Q& Capacitor<1x -»

Q& Capacitorg 2 -»

Q& Capacitorg 3> -»

Q& Power Supply<1s -»
W Heat Sink<1> - [Res..
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e All other parts (e.g. the heat sink) are made of aluminum.

Specifying Goals

Specify the volume goals of maximum and average temperatures of the main chip and the heat
sink.

?-'P-' Goalz

Specifying Mesh Settings

Here, we use the automatic global mesh by specifying the 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.

Type Automatic
Level of initial mesh 4
Minimum gap size 0.1in
Other options are default

Running the Calculation

Run 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 cells for each of the heat sink’s
channels, and two cells for each of the sink’s fins.
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The mesh cut plot
obtained for the heat
sink No.1 at

Y =-0.3 in.

Changing the Heat Sink Configuration

Let us now 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 2nd stage are retained. There is no need to
perform the EFD Zooming computation of 1st stage again, as we can use its results in this
project too.

The easiest way to create the same Flow Simulation project for the new model configuration is
to clone the existing project to this configuration.

Cloning Project to the Existing Configuration

You can clone a project to the existing configuration.
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Procedure

1. Click Tools > Flow Simulation > Project > Clone Project.

2. Inthe Project Name, type Zoom - Sink 2 - L4.

Exs Clone Project

R

Project Name

bl

IE::u:um -Sink 2 - L4

[/ sink 1 (Zoom)
Sink 2 (Zoom)
[/ sink 1 (LocalMesh)
[/ sink 2 (LocalMesh)

Configuration #
"dﬁ |5E|Ett j
B [ Global |

Options

bl

[T Copy results

3. In the Configuration to Add the Project | list, select Select.

4. In the Configurations [Z list, select Sink 2 (Zoom).

5. Click OK +# .

After clicking OK, two warning messages appear asking you to reset the computational
domain and to rebuild the computational mesh. Select No to ignore the resizing of

computational domain, and Yes to rebuild the mesh.

After cloning the project you can start the calculation immediately.

Results

The obtained results are presented in tables and pictures at the end of this tutorial. 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’s ribs and streamlining the flow in the
heat sink’s narrow channels between the ribs (in heat sink No.1 about half of the channel is
occupied by a counterflow vortex).
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Local Mesh Approach

To validate the results obtained with the EFD Zooming approach, let us now solve the same
problems employing the Local 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. This volume represents a fluid region in which we can specify computational mesh
settings differing from those in the other computational domain, using the Local Mesh option.

The electronic enclosure configuration with the additional part for applying the Local Mesh
option.

Flow Simulation Project for the Local Mesh Approach (Sink Nol)................ 305
Specifying Boundary Conditions ..........cciiiiiiiiiiiiiiiiineenrenrnnnnns 305
Specifying Heat Sources .........ciuiiiiiiiiiiiiiiiiineeeeeneenscnssnssnsnns 307
Specifying Solid Materials. .. ... ..ottt iiiiiiiiiiiiiiienreneenrnnnnns 307
Specifying Goals. . ..o oottt iiiiiiiiitiittteteeeessnssnssnssnnons 307
Changing the Level of Initial Mesh ..ottt 308
Specifying Local Mesh Settings .........coiiiiiiiiiiiiiiiiiiiiienrenennnnns 308
Flow Simulation Project for the Local Mesh Approach (Sink No2)................ 310
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Flow Simulation Project for the Local Mesh Approach
(Sink No1)

To create the project in this case, we clone the Zoom - Sink 1 - L4 project to the existing Sink 1
(LocalMesh) 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.

Procedure
1. Activate Zoom - Sink 1 - L4 project.

2. Open the Clone Project dialog, in the Project Name, type LocalMesh - Sink 1 - N2.

3. In the Configuration to Add the Project |a list, select Select.

4. Inthe Configurations [ list, select Sink 1 (LocalMesh) as the configuration to which
Flow Simulation will attach the cloned project.

EEs Clone Project

R

Project Name
ILDcaIMesh - Sink 1 - M2

bl

Configuration #
"dﬁ |5E|Ett j
B [ Global |

[/ sink 1 (Zoom)
[/ sink 2 (Zoom)
Sink 1 (LocalMesh)
[/ sink 2 (LocalMesh)

bl

Options
[T Copy results

5. After clicking OK «# , confirm with Yes both messages appearing.

Specifying Boundary Conditions

You can specify boundary conditions.
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Procedure

1. Remove the inherited transferred boundary condition. Right-click the Transferred
Boundary Condition 1 item in the tree and select Delete.

EE‘ Tranzferred Boundan Conditions

g W T ransfened Boundapy Condiion

EE Heat Sources Edit Drefinitiar. .
. B# S Heat Generatior _ SUPPress
EF Goals

By VG Maximum T of by SHoW

2. Copy the boundary conditions from the Zoom - Global - L4 project using the Copy to
Project tool.

a. Activate Zoom- Global - L4 project.
b. Choose Tools > Flow Simulation > Tools > Copy to Project.

The Copy to Project dialog box appears.

Copy to Project 2

R

Features to Copy

bl

Euternal Inlet Fan 1
Erviranment Pressure 1

Target Projects

All

[] Zoom - Global - L4 [Global]

[/ Zoom - Sink 1 - L4 [Sink 1 (Zoom)]

[/ Zoom - Sink 2 - L4 [Sink 2 (Zoom)]
LocalMesh - Sink 1 - M2 [Sink 1 (LocalMesh]]

c. Switch to the Flow Simulation analysis tab.

bl

d. Hold down the CTRL key and in the Flow Simulation Analysis tree select
Environment Pressure 1 and External Inlet Fan 1 items.

These features appear in the Features to copy list.

e. Select LocalMesh - Sink 1 - N2 as the Target Project.

f. Click OK «* .
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3. Activate LocalMesh - Sink 1 - N2 project.

Specifying Heat Sources

To the already existing volume source of the 5 W specified in the main chip, add a 5 W volume
heat generation source applied to the small chips.

% Power Supply<1s -»
T Heat Sink<1> > [Fes...

% Main Chip<1>

b

Selection

% Srnall Chip-4@EncIDsurE;|
amall Chip-S@Enclosure
amall Chip-6@Enclosure
Small Chip-7@Enclosure
Small Chip-S@Enclosur

}zfvx IGI:::I::aI Coordinate Spstem

Reference axis: Ix vI
Parameter =
a8/
) ca—

® Inlet Lide1> >

® Outlet Lide1> >

“® (] Fan Housing<1> [D...
® (1 Screwts> (Defaull
® (1 Screwes (Defaull
® (1 Screwe 3 (Defaull

Specifying Solid Materials

The following material 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 1 to include small chips
and to edit Insulator Solid Material 1 to include inlet, outlet and screw hole lids:

e the Main chip and Small chips are made of Silicon;

e the Motherboard, the Enclosure, the Inlet lid and the Outlet lids are made of
Insulator;

e PCBI1 and PCB2 are made of user defined Tutorial PCB material, which is added to
the Engineering Database in the A2 - Conjugate Heat Transfer tutorial example.

e all other parts are made of the default Aluminum.

Specifying Goals

Keep the cloned volume goals of maximum and average temperatures of the main chip and the
heat sink.
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Changing the Level of Initial Mesh
You can change the level of the initial mesh.

Procedure

1. In the Flow Simulation Analysis tree, double-click the Mesh > Global Mesh icon to
adjust the automatic global mesh settings.

2. Set the Level of initial mesh to 3. Since Conduction is enabled, setting the Level of
initial mesh to 4 together with the local mesh settings will produce large number of cells
resulting in longer CPU time. To decrease the calculation time for this tutorial example
we decrease the Level of initial mesh to 3.

3. Choose Tools > Flow Simulation > Project > Rebuild.

Specifying Local Mesh Settings

To apply the local mesh setting to a region we need a component representing this region to be
disabled in the Component Control dialog.

Note
Alternatively, you can disable this component by selecting the Disable solid components
option in the Local Mesh Settings dialog.
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Procedure
1. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

B Local Mesh Settings

W X
Selection ~
®)
Q& LocalMesh-1@enclosure assembly
[T Disable solid components
Refining Cells hd
™ Equidistant Refinement i
¥ Channels N
B2 :II
F—
=B 1] é 9
[or =
[or =
¥ Advanced Refinement b
" Close Thin Slots v
" Display Refinement Level v

2. In the flyout FeatureManager design tree, select the localmesh component.

3. Under Channels, set the Characteristic Number of Cells Across Channel =y = 2 and
Maximum Channel Refinement Level 'Da =4,
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Note
The Channels term is 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 Simulation to ignore the passages of a specified height with the
Minimum Height of Channel to Refine and Maximum Height of Channel to Refine
options. The Characteristic Number of Cells Across Channel (let us denote it as Nc)
and Maximum Channel Refinement Level (let us denote it as L) both influence the
mesh in channels in the following way: the basic mesh in 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 channel’s cells cannot be smaller in gL (2L in
each direction of the Global Coordinate System) times than the basic mesh cell. This is
necessary to avoid the undesirable mesh splitting in superfine channels that may cause
increasing the number of cells to an excessive value.

. Click OK « .

In our case, to ensure the 2 cells across a channel criterion, we increased the Maximum
Channel Refinement Level to 4. We perform these settings for both of the heat sinks
under consideration.

Flow Simulation Project for the Local Mesh Approach
(Sink No2)

You can use the local mesh approach.
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Procedure

1. Clone the active LocalMesh — Sink 1 — N2 project to the existing Sink 2 (LocalMesh)
configuration. Name the new project LocalMesh - Sink 2 - N2. While cloning confirm
the message to rebuild the mesh.

Exs Clone Project

R

Project Name
ILDcaIMesh - Sink 2 - M2

bl

Configuration #
"dﬁ |5E|Ett j
B [ Global |

[/ sink 1 (Zoom)
[/ sink 2 (Zoom)
[/ sink 1 (LocalMesh)
Sink 2 (LocalMesh)

Options
[T Copy results

bl

2. Using the Batch Run, calculate both projects.

Results

After all calculations are completed the results achieved with the different approaches can be
compared.

Getting 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.

Parameter Heat Sink No. 1 Heat Sink No. 2
Zoom LocalMesh | Zoom LocalMesh
Main chip | t . °F 114.5 126.1 100.6 107.9
taver  F 114.1 125.7 100.3 107.6
Heat sink | t ., °F 114.4 126.0 100.5 107.9
taver  F 114.0 125.6 100.1 107.4
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125.00
120,00
115.00
r 110.00
105.00
100.00
95,00
80.00
B85.00
80,00
T5.00

EFD Zooming Local Mesh
To.00

i: - j}
Temparature [*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.

125.00
120.00
115.00
r 110000
105.00
100,00
95,00
80,00
B5.00
B0.00
T75.00
T0.00
Tempearature [*F]

The temperature cut plots obtained for heat sink No.1 at Z =-0.32 in Front Plane
with the EFD Zooming (left) and Local Mesh (right) approaches.

125.00
120.00
115.00
r 110000
105.00
100,00
95,00
80,00
B5.00
B0.00
T75.00
T0.00
Tempearature [*F]

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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EFD Zooming Local Mesh

12500
120,00
115.00
110,00
105.00
100.00
95,00
S0.00
B5.00
B0.00
75.00
70.00
Temparature [*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.

125.00
120.00
115.00
110.00
105.00
100.00
95,00
80,00
B5.00
B0.00
T75.00
70.00
Tempearature [*F]

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.
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The temperature cut plots obtained for heat sink No.2 at X =-1.53 in Right Plane
with the EFD Zooming (left) and Local Mesh (right) approaches.
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Textile Machine

The simplified textile machine used in this tutorial is described as a closed hollow cylinder
having a cylindrical stator with a narrow inlet tube (see the figure below). A thin-walled cone
rotates at a very high speed.

The air flows over the rotating cone before leaving through the outlet pipe. Due to the shear
stress, the rotating cone swirls the air. The swirling air motion orients the fibers, for the correct
formation of yarn.

Outlet
P = 96325 Pa

Housing

Rotating wall
> @ = 130000 RPM

Inlet mass flow rate of
0.0002026 kg's

Stator imm

In this example a hollow cylinder with the following dimensions were used: 32 mm inner
diameter and 20 mm inner height. Air is injected into an inlet tube of 1 mm diameter at a mass
flow rate of 0.0002026 kg’. The cone thickness is 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 Pa is 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.
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Specifying Rotating Walls. . ...ttt iiiiiiiiiiienrenrenrsnssnsnns 317
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Opening the Model

You can open the model.

Procedure

1. Copy the C2 - Textile Machine folder into your working directory and ensure that the
files are not read-only since Flow Simulation will save input data to these files.

2. Open the task.sldasm assembly.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the task.sldasm assembly located
in the C2 - Textile Machine\Ready folder and run the desired projects.

Creating a Flow Simulation Project

Use the Wizard to create a new project.
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Project name 130000 rpm
Configuration Use current
Unit system ST (m-kg-s);

Unit for Length: Millimeter [mm]

Unit for Angular Velocity: Rotations Per Minute
[RPM] under Loads&Motion

Unit for Mass Flow Rate: Kilogram'hour [kg/h]
under Loads&Motion

Analysis type Physical features

o Fluid Flow
Geometry handling

e Analysis type: Internal
e FExclude cavities without conditions

Fluid Gases / Air

Wall Conditions Adiabatic wall, Zero roughness
Initial and Ambient Default conditions

Conditions

Specifying Boundary Conditions

You can specify the inlet and outlet boundary conditions.

Inlet Inlet Mass Flow =
Boundary 0.73 kg/h:
Condition

Inlet mass flow rate of
0.73 kg/h normal to the
inlet face of the Stator,

To do this, you may need
to hide the Initial
Velocity 1 and Initial
Velocity 2 components.
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Outlet
Boundary
Condition

Outlet Static Pressure
= 96325 Pa:

Static pressure of
96325 Pa at the outlet
face of the Housing (the
other parameters are

default).

Specifying Rotating Walls

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 a rotating reference
frame to a selected fluid region. This allows to simulate the rotation of components of complex
geometry, such as fans, pump wheels, impellers, etc. In this tutorial we consider rotation of a
component with a relatively 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 Moving
Wall boundary condition is better suited and usually provides more accurate results.
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Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

— 5 Sensoes

B Al Arnotations
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Wall Parameters ¥

Fwalltoton &
A | Global Coedinate Systerm
A IEIm-"s il;};.'

| &5 [Ta0000RFM |
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Select Wall EJ, then Real Wall.
In the flyout FeatureManager design tree select the Rotor component.
Select Wall Motion.

Select Y as the rotation Axis.

Specify the Angular Velocity 2 of 130000 RPM.

S kW

7. Click OK «# and rename the new Real Wall 1 item to Rotating Wall = 130000 rpm.

Specifying (Local) Initial Conditions
In order to speed up the convergence, a 40 m/s tangential velocity of air is specified as a (local)
initial condition within the housing.

The Initial Velocity 1 and Initial Velocity 2 auxiliary components are used to define a fluid
domain.
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Procedure

1. Choose Tools > Flow Simulation > Insert > Initial Condition.

%% Initial Condition

R

selection =

(71 | nitial velocity 1-1@textie machi
Initial Velodity 2-1@textile machil

}zfvx |I3I|:|I:|al Coordinate Spstem

Reference axis: IY vI

¥ Disable solid components

Flow Parameters
@@
Vi IEI s j @

bl

vy IEI mes j Dependency|
Vs IEI 'z ﬂ E

2. In the flyout FeatureManager design tree select the Initial Velocity 1 and Initial
Velocity 2 components.

3. Select the Disable solid components option. Flow Simulation will treat these
components as a fluid region.

4. Select Y in the 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. In the Dependency type list, select Formula Definition.

7. In the Formula box, type the formula defining the velocity in X direction: 40*cos(phi).
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Here phi is the polar angle ¢ defined as shown on the picture below.

- — - Dependency E

/_,a' : : Dependency lype:
S Y | Fomada Defintion =l
f P ) s
/ y. ™ |
pr | |40 casiphi)
OO (( /H—
S ; I"“f ). | X Backspace | Clear |
b i -.'- ._.___. _."
| / 7lela| «f[c]am| x|«
% /: —
;. ; (I 45|68 ) |cos| w | phi
T — — 1(12] 3 =| * | tan z | |theta
r
= 1] E £ | e bog
£
coct | _tr
8. Click OK.

You will return to the Initial Condition PropertyManager.

9. Click Dependency to the right of the Velocity in Z direction box and specify formula
for the Z component of velocity: -40*sin(phi).

Dependency EHE
Dependency type;
IF:::rmuIa Drefirition b
Formula;
|-407sin{phi]
10. Click OK.
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11. Under Thermodynamic Parameters, change the Pressure p to 99800 Pa.

b

Flow Parameters

@@
v [ (%
Ve oms =&
v [ (%

Thermodynamic
Parameters

PT|P-p| TPl
P [s3800Pa =] (7
—
T [2332K il

13. Click-pause-click the new Initial Condition1 item and rename it to vel = 40 m/.

bl

12. Click OK «# .

Specifying Goals

Since the rotating cone swirls the air, it make sense to specify the air velocity as a goal to ensure
the calculation 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
criteria for converging the calculation.

Specify the following project goals:

GOAL TYPE | GOAL VALUE FACE/COMPONENT
Global Goal | 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)
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GOAL TYPE | GOAL VALUE FACE/COMPONENT
Volume Goal | Average Velocity Initial Velocity 1

(select the component in the
flyout FeatureManager design
tree)

Volume Goal | Average Velocity Initial Velocity 2

(select the component in the
flyout FeatureManager design
tree)

Specifying Global Mesh Settings

Specify the global mesh settings.

Type Automatic
Level of initial mesh 4
Minimum gap size 1 mm
Other options are default

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.
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Velocity in the XY section at Z =0

Flow velocity Y-component of flow velocity

I
09 18 26 3% 44 53 61 70 o1 2 4 45 6 8 9 10
Yelocity [mis] Yelocity () [rmis)

It is interesting that the vertical (that is, along the Y axis) velocity in the region close to the
rotating cone's internal and external surfaces is 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. As a
result, 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 the ideal, 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 remain in this region's vortex.

Displaying Flow and Particles Trajectories

To display flow trajectories as flow streamlines, we need to specify the starting points through
which the trajectories pass and the direction of these streamlines relative to these points.

Procedure

1. In the Flow Simulation Analysis tree, right-click the Flow Trajectories icon and select
Insert.
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Displaying Flow and Particles Trajectories

2. In the Flow Simulation Analysis tree click the inlet boundary condition icon
(Inlet Mass Flow = 0.73 kgh) to select the corresponding face.

&

Starting Points
5] [X] [

[]E] Face«<1>@5tator-1

[ In plane

|1n

I'I i

i

bl

Appearance
A
(]

ate . .
A, ILIHES with Arrows

Pb IEI.3 mim

A

L

& |velocity

gy [0
A

Lol (8] ol L Ll

o

bl

Constraints
& (-] (<]

| I'I 5000 rmm

)] [3600 5

[T usecaD geometry

i ke

3. Set the Number of Points @| to 10.

4. Under Appearance, set the Draw Trajectories As :2; to Lines with Arrows and from
the Color by g, list select Velocity.

5. Under Constraints select the Forward [ — | direction and increase the Maximum
Length j~j of trajectories to 15 m.
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Note
The Maximum length option limits the length of the trajectory to the specified

value. We increase this value to show better the flow vorticity.

6. Click OK «# to display flow streamlines.

7. To specify the parameter display range click the maximum value in the velocity palette
bar and type 70 m/s in an edit box.

To display particles trajectories, we need to specify initial particle properties
(temperature, velocity and diameter), particle's material and the wall condition
(absorption or reflection).

8. Inthe Analysis tree, right-click the Particle Studies icon and select Wizard.

9. Keep the default name for the Particle Study and click Next &J .
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10. Click the inlet boundary condition icon (Inlet Mass Flow = 0.73 kgh) in the tree to
select the inlet face from which the particles are injected.

Starting Poinks “
B (K] ) (3]

L[ﬂj Face <1 =@5kator-1

&#) [ 5
w7 =
|"!E| I'I i =
Particle Properties #
@ [0.005 mm :II
ds IS:::Iiu:Is j
- Nylon-66 =]
P Palybutylene Terephthalal
Palyizoprene [Matural]
i1 i Polystyrene [no fil) &
1 | r
IPDIystyrene j
[ Create/Edit. .. ]

11. Under the Starting Points, set the Number of Points %/ to 5.

12. Under the Particle Properties, set the Diameter ¢ equal to 0.005 mm and change the
Material s, to the Solids and in the list select the Polystyrene (Materials / Solids /
Pre-Defined / Polymers).

— Note
We leave the default zero values of relative velocity and temperature unchanged,

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, since it is used only to
estimate mass rates of erosion or accumulation, which we are not going to take into
account.

13. Click Next &3 twice.
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14. Change the Default Wall Condition to Reflection.

Default Wall Condition

bl

| E | Absorption
| g | Ideal reflection

|%| Reflection

&n [i |
=3 |1 :I| £
[10000 kg/r"3 j o

15. Click Next £3.
16. Under Default Appearance, set Draw Trajectories as :z: Lines with Arrows.

17. Under Constraints, increase the Maximum Length ~j of trajectories to 15 m.

18. Click OK «# .

A new Particle Study 1 item with one sub-item (Injection 1) appear in the Analysis
tree.

19. Right-click the created Injection 1 item and select Clone.
This will create Injection 2 item.
20. For this item, increase the particle size by editing the Diameter to 0.015 mm.
21. Right-click the Particle Study 1 item and select Run.
22. Select Injection 1 and click Show to view the particles’ trajectories.

23. When finished examining the trajectories from the first injection, hide the Injection 1
trajectories and show the Injection 2 trajectories.

Modeling Rough Rotating Wall

In the previous calculation 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 pm
roughness under the same boundary conditions.
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Create a new project by cloning the current project to the current configuration, and name it

130000rpm - rough wall.

Ex Clone Project

R

bl

Project Name

I'I 30000rpm - rovugh wall

Configuration

bl

||I='E' IUSE Current j
= IDefauIt

Options

bl

[ Copy results

Adjusting Wall Roughness

You can adjust wall roughness.

Procedure

1. Right-click the Rotating Wall = 130 000 rpm item and select Edit Definition.

2. Under Wall Parameters, select Adjust Wall Roughness [Bz |

Wall Parameters =

| =
CA|

Roughness

3. Specify the wall roughness of 500 micrometers.

4. Click OK «# .

Results

Project settings are defined. Run the calculation.

@ IEEIEI_micru:umeter %
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Results (Rough Walls)

The calculated fields of flow velocity and Y-component of velocity in different sections are
shown below and reveal practically no change in the vertical velocity of the flow. As a 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 pm increases the vortex flow's tangential

velocity.

Velocity in the XY section at Z = 0 (roughness = 500 pm)

Flow velocity

Bl W =

09 183 26 35 44 53 61 70

Yelocity [rmis)

Flow velocity's Y-component

Yelocity () [rmis)
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Velocity in the ZX section at Y =2 mm

roughness = 0 pm roughness = 500 pm

09 183 26 35 44 53 61 70

Yelocity [rmis)

Flow trajectories

Smooth wall Rough wall
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Flow trajectories

Yelocity [rmis)

09 183 26 35 44 53 61 70

Trajectories of 5 pm particles

Smooth wall

Rough wall

Yelocity [rmis)

09 183 26 35 44 53 61 70
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Trajectories of 15 pm particles

Smooth wall

Rough wall

0

Yelocity [rmis)

18 26 35 44 53 61

70
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Non-Newtonian Flow in a Channel with
Cylinders

The problem's goal is to determine the total pressure loss in the channel. Also, to highlight the
influence of the 3% xanthan gum addition to water on the channel's total pressure loss, we will
calculate the flow of water using the same volume flow rate within the channel.

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 Newtonian and Non-Newtonian Flow in a Channel Obstructed by an

Antisymmetric Array of Cylindersl. Following this case, let us consider the 3% aqueous solution
of xanthan gum as a non-Newtonian liquid.

Its viscosity approximately obeys the power law 5 = K- (7 }”_1 with a consistency coefficient of

K = 20 Paxs" and a power-law index of n = (.2, whereas its other physical properties (density,
etc.) are the same as in water (since the solution is aqueous).

The Flow Simulation calculations are performed with the uniform liquid velocity profile at the

channel inlet, the liquid’s volume flow rate is 50 cm’/s. The static pressure of / 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 4P, between the channel inlet and outlet.

_ (?12.50 _ 375 =

| ) 6175 |
E:
| _ 326 = _|
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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. Journal of Non-Newtonian Fluid Mechanics, v.40
(1991), p.p. 231-260.
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Opening the Model

You can open the model.

Procedure

1.

Copy the C3 - Non-Newtonian 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.sldprt file.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the array.sldprt file located in the
C3 - Non-Newtonian\Ready folder and run the desired projects.

Defining Non-Newtonian Liquid

You can define the non-Newtonian liquid.

Procedure

l.
2.

Click Tools > Flow Simulation > Tools > Engineering Database.

In the Database tree, select Materials / Non-Newtonian Liquids / User Defined.

Click New Item D in the toolbar.
The blank Item Properties tab appears.
Double-click the empty cell to set the corresponding property value.

Specify the material properties as shown in the table below:

Name XGum
Density 1000 kgm”3
Specific heat 4000 J(kg*K)

Thermal conductivity 0.6 W/(m*K)

Viscosity Power law model

Consistency coefficient | 20 Pa*s™n

Power law index 0.2
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Results

Save and exit the database. The new defined liquid can now be assigned in an analysis project.

Project Definition

Use the Wizard to create a new project.

Project name

XGS

Configuration

Use current

Unit system

CGS (cm-g-s);
Unit for the Pressure & stress: Pascal [Pa]

Analysis type

Physical features

o Fluid Flow
Geometry handling

e Analysis type: Internal
o [Lxclude cavities without conditions

Fluid

Non-Newtonian Liquids / XGum,
Flow type: Laminar only (default)

Wall Conditions

Adiabatic wall, default smooth walls, default slip
condition

Initial and Ambient
Conditions

Default conditions

Specifying Boundary Conditions

Specify the boundary conditions.

Inlet Inlet Volume Flow 1:
Boundary
Condition 50 cm™s Volume flow ﬁ:i i

rate; default »

temperature (20.05 °C) . 0

at the face shown in the P

. -
figure, “
4 !
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Outlet Static Pressure 1:
Boug'd'c.lry Default value l
Condition | 701325 Pa) for the >

Static pressure at the 1'-{,

face shown in the figure; "‘",,:;_

-~
%
i ¥

Specifying Goals
You can specify 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.

| I 5 lPraﬁt.laﬂ:up ]ﬁmuls&slrsss _:I v o X
Evpression | _
{8G Av Total Pressure 1}-{5G Av Total Pressure 2} 56 A Total Prassus 1
SG Av Total Pressime 2
T e N s =
e s s ]| wn] s
| 2 3] ] | e] s A
of e | o] 4] ] o |
¥ Uze fior convergence conkral + X

Specifying Global Mesh Settings

Specify the Global Mesh settings.

Type Automatic
Level of initial mesh 3 (default)

Minimum gap size 0.25 cm

Other options are default
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Getting Results

Run the calculation.

When the calculation is finished, create the goal plot to obtain the pressure drop between the
channel’s inlet and outlet.

Array of Cylinders.SLDPRT [XGS]

Goal Name Unit |Value Averaged Value |Minimum Value [Maximum Value
SG Av Total Pressure 1 | [Pa]| 105651,786 105651,3761 105643 4827 105654 4936
SG Av Total Pressure 2 | [Pa]| 101329,3176 101328,3152 101328,3074 1013283176
Pressure Drop [Fa] | 4322 468356 4322 060898 4314175274 4325178958

It is seen that the channel's total pressure loss is about 4 kPa.

Comparison With Water

Let us now consider the flow of water in the same channel under the same conditions (at the
same volume flow rate).

Procedure

1. Create a new project by cloning the current project to the current configuration and
name it Water.

Project Name
I'W'ater

bl

Configuration

||I='E' IUSE Current j
= IDefauIt

bl

Now change the project settings.
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2. Choose Tools > Flow Simulation > General Settings.

General Settings

E | N | TN
#- Analysis lype
F
ﬁ Wall condifions

@| Iriéial conditions

Fluids [Path
-~ Ethwlene Pre-Defned
Methane Pre-Dehred
Methanal Fre-Dehred
Mitragen Pre-Dehned
Dwpgen Pre-Defined
Propane Pre-Dehned
R123 Pre-Dehred
R134a Pre-Delined
R22 Pre-Defined
RC312 Pre-Dehred
# Mon-Newtonian Liquids
O m e m s mnbs U B 5ol e
Proect Fluids | Default Fluid
Water | Liquids | v

Help

Under Flow Characteristics, change Flow type to Laminar and Turbulent.

3. On the Navigator click Fluids.
4. In the Project Fluids table, select XGum and click Remove.
5. Select Water in Liquids and click Add.
6.
7. Click OK.
Results

Now the project settings are defined.

Run the calculation.
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Getting Results

Getting Results

After the calculation is finished, create the goal plot.

Array of Cylinders.SLDPRT [water]

Goal Name Unit |Value Averaged Value |Minimum Value

Maximum Value

SG Av Total Pressure 1 | [Pa]| 101403,5584 101403,7646 101403.,4033

101404,2022

SG Av Total Pressure 2 | [Pa]| 101328,8163 101329,8239 101329,7915

101329,8473

Pressure Drop [Fa] | 73.74209017 73,94078411 73,66685744

74,3741033

As shown in the results table above, the channel's total pressure loss is about 70 Pa, i.e. 60 times
lower than with the 3% aqueous solution of xanthan gum, this is due to the water's much smaller

viscosity under the problem's flow shear rates.

85 %85 e 05 e S

{;'{’“_)'0{)0()0

The XGS (above) and water velocity distribution in the range from 0 to 30 crms.
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Radiative Heat Transfer

Let us consider a ball 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 a circular 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 side is non-radiating. The
goal of the simulation 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 C(Case 1: the reflector inner surface is whitebody;
e (ase 2: all reflector surfaces are blackbody;
e Case 3: the reflector is removed.

The steady-state problem is solved with the Conduction option selected, so that conduction
within all parts is calculated. Considering the convective heat transfer negligibly low (as in
highly rarefied air), we also deselect the Fluid Flow option. Deactivating this option, we do not
need to specify a fluid for the project, and it is calculated without considering any fluid flow

at all, 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.

Let us consider the solutions obtained with Flow Simulation for each of the cases under
consideration.

Openingthe Model. . ......oiiuiiiiiiiiiiiiiiiiiiineeeeeneensenssnssnssnsns 341
Case 1: Reflector Inner Surface is a Whitebody.............. ..o, 342
Adjusting the Computational Domain Size.......... ..ot iiiiiiiiiiiiennnns 342
Adjusting Global Mesh Settings. . .......cciiiiiiiiiiiiiiiiiiiiiirenrenrennns 342
Adjusting Local Mesh Settings. ........oviiiiiiiiiiiiiiiiiiineeneenrenrennns 343
Specifying Radiative Surfaces. .........cciiiiiiiiiiiiiiiiiiiiiiiinenrnnnnns 344
Specifying Bodies and Materials Transparent to the Heat Radiation .............. 346
Specifying Heat Sourceand Goals . ..........coiiiiiiiiiiiiiiiiiienrenennnnns 348
Case 2: All Reflector Surfaces are Blackbody............... ..o, 349
Changing the Radiative Surface Condition..............coiiiiiiiiiiiinienen.. 349
Specifying Goals. . ..o oottt iiiiiiiiiteeteesessnscnssnssnnons 350
Specifying Initial Conditionin Solid .......... ..o ittt 351
Case 3: The Reflectoris Removed ..........ciiiiiiiiiiiiiiiiiiiiiiinnnenenn, 351
Changing Radiative Condition.............oiitiitiiiiiiiiiiirienrenrenrennns 351
Getting Results. . ...ooitiiiiiiiiiiiiiiiiiiiiiiiteeteeeeecnscnssnscnssnnns 352
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Opening the Model

You can open the model.

Procedure

1. Copy the C4 - Radiative HT folder into your working directory and ensure that the files
are not read-only since Flow Simulation will save input data to these files.

2. Open the assembly.sldasm assembly.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the assembly.sldasm assembly
located in the C4 - Radiative HT\Ready folder and run the desired projects.

Glass Cover

Reflector

Heated Ball

The heated ball with the reflector and screen.
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Case 1: Reflector Inner Surface is a Whitebody

Follow the guidelines for case one.

Use the Wizard to create a project:

Project name Case 1
Configuration Use current
Unit system SI (m-kg-s)
Analysis type Physical features

e Conduction

e Radiation:
® Radiation model = Discrete Transfer
e Environment temperature = 293.2 K
Note: Fluid Flow is deactivated in this

project.
Default Solid Alloys / Steel Stainless 321
Wall conditions Default wall radiative surface: Non-radiating
surface
Initial Conditions Default initial solid temperature = 293.2 K

Adjusting the Computational Domain Size

Specify the computational domain size as follows:

Xmax=14m Y max=1.6m Zmax=1.6m

X min=-0.2m Y min=-1.6 m Zmin=-1.6 m

Adjusting Global Mesh Settings

You can adjust global mesh settings.

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. First, under Type, keep the default Automatic type and under Settings, accept the
default for the Level of initial mesh of 3.

3. Accept the defaults for the other settings and click OK «# .

342 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Advanced Examples
Adjusting Local Mesh Settings

Adjusting Local Mesh Settings

It makes sense to adjust the computational mesh to better resolve the radiation source and all
radiative surfaces. The most convenient way to do this is to specify Local Mesh - it allows us to
obtain more accurate solution in these specific regions without creating an excessively fine
mesh in other regions.

Specifying Local Mesh (Region)........cciiitiiiiiiiiiiiiieenereeossnnsannns 343
Specifying Local Mesh (Reference) ..........coiitiiiiiiiiiiiiiiiinrennnannns 344

Specifying Local Mesh (Region)

To specify the Local Mesh settings on the heated ball, the reflector and the glass cover, define
the local region as a sphere.

Procedure

1. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

Selection L

" Cuboid
i Cylinder
i* Sphere

&) [p15m

'E}K IEIm

'E}Y IEIm

i EE EE B

'E}Z IEIm

>

Refining Cells

0y o
B

Jun

(i)

2. Under Selection, click Region and select Sphere. Then set its radius to 0.15 m and
its origin to (0,0,0).
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3. Under Refining Cells, use the slider to set the Level of refining solid cells Hg to 5.

4. Accept the defaults for the other settings and click OK «# .

Specifying Local Mesh (Reference)

To specify the Local Mesh settings on the screen, select the screen surface presenting the local
region in which the initial mesh will be constructed.

Procedure

1. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

2. In the graphics area, select the surface of Screen facing the Sphere.

3. Under Refining Cells, use the slider to set the Level of refining solid cells Hg to 3.

4. Accept the defaults for the other settings and click OK «# .

Specifying Radiative Surfaces

Follow the steps below to specify the radiative surfaces.

344 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Advanced Examples
Specifying Radiative Surfaces

Procedure

1. Choose Tools > Flow Simulation > Insert > Radiative Surface.

Selection

Eﬁ Face<1>@sphere-1
Face<2>@screen-1

Type

= Pre-Defined
- phzorhent wal
¥ Blackbody wall
- Real Surfaces
Symmetry
- whhitebody wall
[+ Uzer Defined

- Non-radiating surface

Blackbody wall [Pre-Defined]

[ Create/Edit... ]

2. Under Type, expand the list of Pre-Defined radiative surfaces and select Blackbody

wall.

3. In the flyout FeatureManager design tree select the Sphere component.

4. Next, select the surface of Screen facing the Sphere.

5. Click OK «# .

6. Click anywhere in the graphics area to clear the selection.
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7. Click Tools > Flow Simulation > Insert > Radiative Surface.

Selection L
@ Face<1> @reflector-1

Type s

Bl Pre-Defined

- phzorhent wal

- Blackbody wal

- Non-radiating surface
-- Real Surfaces

[+ zer Defined

Whitebody wall [Pre-Defined] j

[ Create/Edit... ]

8. Select the inner surface of Reflector.

9. Under Type, expand the list of Pre-Defined radiative surfaces and select Whitebody
wall.

10. Click OK «# .

Specifying Bodies and Materials Transparent to the
Heat Radiation

Assign the Glass material to the glass cover and specify it as transparent to radiation.

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

2. In the flyout FeatureManager design tree, select the Glass component.
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3. Under Solid expand the list of Pre-Defined solid materials and select Glass under
Glasses and Minerals.

Solid ~

- [F]-

- Alloys A
- Building k aterials
- Ceramics
- Glazzes and Mineralz
- Diamand

e[ F ] [F

P [luartz glazs
+- IC Packages v

Glass [Pre-Defined\Glasses and Miner ~

Create/Edit...

4. Under Radiation Transparency select Transparent /||, then select Thermal only.

Radiation Transparency L

EH Opaque

S
;H; Transparent
@Thermal only

D Solar and directional only
l:::lThvarmaIr directional and solar

4 1

Note
You can separately specify a solid material transparency to the solar radiation and

transparency to thermal radiation from all other sources, including heated bodies.
Since there are no sources of solar radiation in the project, we can select Thermal only
to make the material fully transparent to all radiation in the project.

5. Click OK «# .

Results

Flow Simulation now treats this solid material and all bodies it is applied to as fully transparent
to the thermal radiation.
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Specifying Heat Source and Goals

Specify the surface heat source of the heat generation rate at the sphere surface.

Procedure

1. Choose Tools > Flow Simulation > Insert > Surface Source.

Selection L
m Face<1>@sphere-1

}zfvx IGI:::I::aI Coordinate Spstem

Reference axis: I){ vI

Parameter L
Q [2000W j E

2. In the flyout FeatureManager design tree select the Sphere component.
3. Select Heat Generation Rate as the source type and set its value to 2000 W.

4. Specify surface goals of the maximum, average, and minimum temperatures at the
Sphere surface and the blackbody surface of Screen.

5. In addition, specify the volume goal of the Sphere average temperature. (In all cases
you should select Temperature (Solid) as the goal parameter).

You can rename the goals as shown to make it easier to monitor them during the
calculation.

EF-' Goalz
------ ﬁ 506G Maw T of Heated Sphere

------ ﬁ 50 Average T of Heated Sphere
...... B 56 Min T of Heated Sphers

...... ﬁ SGE Max T of Screen

...... ﬁ SG Min T of Screen

...... ﬁ SG Average T of Screen

------ P’a W& Average T of Heated Sphere

Results

Save the model and run the calculation.
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If you take a look 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) is too
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 one, in this case the reflector inner surface is blackbody and all other
surfaces of the reflector are also blackbody.

Clone Project

W X

Project Name L
IEase 2

Configuration L
"dﬁ IUse Current j
= IDefauIt

Options L

- Copy results

Create a new Case 2 project by cloning the current Case 1 project.

Changing the Radiative Surface Condition

You can change the radiative surface condition.

Procedure
1. Delete the Whitebody Wall 1 condition.
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2. Right-click the Blackbody Wall 1 item and select Edit Definition.

Selection L

m Face<4>@sphere-1
Face<5>@screen-1

{ﬁ’:: reflector-1@assembly

Type s

= Pre-Defined

L Absarbent wall
Blackbody wall
Maon-radiating surface
- Real Surfaces
Symmetry

e fhitebody wall

[+ Uzer Defined

Blackbody wall [Pre-Defined] j

[ Create/Edit... ]

3. Click the Reflector item in the flyout FeatureManager design tree. The component is
added to the list.

4. Click OK «* .

Specifying Goals

Specify the additional surface goals of the maximum, average, and minimum temperature of
solid for the Reflector inner and outer surfaces.
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Specifying Initial Condition in Solid

Specify the initial temperature of the heated sphere of 1000 K using Initial Condition.

Selection L
E@] sphere-1@assembly

}zfvx IGI:::I::aI Coordinate Spstem

Reference axis: I){ vI

Solid Parameters L

=]
T [1000K ;I

Save the model.

Case 3: The Reflector is Removed

In contrast to Case 1 and Case 2, the reflector is removed in Case 3.

Changing Radiative Condition

Change the radiative condition and run the projects.

Procedure

1. Create a new Case 3 project by cloning the current Case 2 project.

2. Edit definition of the Blackbody Wall 1 condition: under Selection remove from the list
all faces belonging to Reflector. To delete a face/component from the list of Faces to
Apply the Radiative Surface, select the face/component and press the Delete key.

3. Delete the surface goals related to reflector.

EPE Goalz
------ ?‘1‘ SG Maw T of Heated Sphere

------ ?‘1‘ 5G Average T of Heated Sphere
...... B 56 Min T of Heated Sphere

...... ?‘1‘ SG Mar T of Screen

...... ?‘1‘ SG Min T of Screen

...... ?‘1‘ SG Average T of Screen

------ ?ﬁ WG dverage T of Heated Sphere
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4. Disable the Reflector component in the Component Control dialog box.

Results
Now all the settings for the Case 3 project are completed.

Use Batch Run to calculate Case 2 and Case 3 projects.

Getting Results

The results of all 3 cases can now be reviewed.

In Case 1, due to the heat 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 as in Case 1. Less heat is also coming
from the reflector to the screen. As a result, the screen temperature is lower than in Case 1.

Since the reflector is removed in Case 3, there is no noticeable heat radiated back to the ball.
The ball temperature is lower than in Case 2 and mostly uniform (the non-uniformity is lower
than 1 K). Since in the absence of reflector the screen is only exposed to the radiation from the
side of the ball facing the screen, the screen temperature is the lowest among all the cases.
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1220.00
1218.46
1216.92
1215.38
121385
121231
1211097
1209.23
120769
120615
120462
1203.08
1201.54
1200.00

Temperature (Solid) [K]

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 on the left).

340,00
336.38
33277
32915
325,54
321.92
3MEN
314,69
311.08
307 46
30285
30023
B E2
293.00

Termperalure (Salid) [K]

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.

Parameter Case 1 Case 2 Case 3
Mazxinmm 125474 1233.54 122463
The ball’s temperature, K Average 1230386 1211.91 1204.086
Mininmm 121228 1200,14 119450
Mazxinmm 340,84 322,12 311,84
The screen’s temperature. K | Average 317.81 308,97 303,58
Mininmm 307.82 303,14 299 86
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Rotating Impeller

Let us consider the air flow through a centrifugal pump having a rotating impeller (see below).
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 the inlet's exit the radial air flow is sucked by a rotating 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 radius to 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) radial diffuser.

To complete the problem statement, let us specify the following inlet and outlet boundary

conditions: inlet air of 0.3 m’/s volume flow rate having uniform velocity profile with vectors
parallel to the pump's axis; at the radial-directed outlet a static pressure of 1 atm is specified.

Q=2 Inlet Volume Flow

2 Outlet Static Pressure

The centrifugal pump with a rotating impeller.

Openingthe Model. . .......ciuiiiiiiiiiiiiiiineeeeeeesneensenssnsonsonses 355
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Creating a Flow Simulation Project........... ..ottt iiiiiiiiiiiiienrnnnns
Specifying Boundary Conditions ............coiiiuiiiiiiiiinreneenennronnnns
Specifying Stationary Walls .. ........ ittt iiiiiiiiiiiirneenrsnrnnsnns
Calculating the Impeller’s Efficiency...........cciiiiiiiiiiiiiiiiiiiiinennes
Specifying Project Goals .. ......oviiiiiiiiiiiiiiiiirnerneenrsnronssnssnsons
Specifying Global Mesh Settings ..........ccciiiiiiiiiiiiiiiiinienrnnrennnns
Getting Results. . ...ooiitiitiiiiiiiiiiiiiiiiiteeeeeseeseesnsenssnssnsonsns

Opening the Model

You can open the model.

Procedure
1. Copy the C5 - Impeller folder into your working directory.

2. Open the pump.sldasm assembly.
Note

To skip the project definition and run the Flow Simulation project defined in
accordance with the tutorial, you will need to open the pump.sldasm assembly
located in the C5 - Impeller\Ready folder and run the project.

Creating a Flow Simulation Project

Use the Wizard to create a new project.
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Project name Impeller Efficiency
Configuration Use current
Unit system SI (m-kg-s)
Analysis type Physical features

o Fluid Flow

® Rotation:

e Type: Global rotating

e Rotation axis: Z axis of Global Coordinate
system

e Angular velocity = 2000 RPM
(209.43951 rad/s)

Geometry handling

e Analysis type: Internal
o [Lxclude cavities without conditions

Default fluid Gases / Air
Wall Conditions Adiabatic wall, default smooth walls
Initial Conditions Thermodynamic Parameters:

e Pressure potential (Rotation): deactivate
Velocity Parameters:

e Relative to rotating frame. deactivate
other conditions are default

Specifying Boundary Conditions

Specify the boundary conditions for inlet and outlet flows.

Type Inlet Volume Flow

Name Inlet Volume Flow 1

Faces to apply the inner face of the Inlet lid

Parameters: Volume Flow Rate of 0.3 m”3/s, with the
Uniform profile, in the absolute frame of
reference (the Absolute option is selected)
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E]@)

Inlet Mass Flow -

Inlet Yelocity

Inlet Mach Murnber

Cutlet Mass Flow

Cutlet Yolume Flow

Qutlet Yelocity ,_"_I

()45
Q |I13rn"3.r’s 2 | e |
& |Unif0am ,ﬁ:|

[T Fully developed Flow
% nbsolute

(" Relative ko rotating frame

Type Call|

Flow Parameters _ A

Note

Relative 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

V)V

pecified — V.= Vabs -oXr

Here, r is the distance from the rotation axis and w is the 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
Faces to apply the inner face of the Outlet lid

Thermodynamic Parameters:

Default values (101325 Pa and 293.2 K) in the absolute frame of reference
(the Pressure potential option is not selected)

SOLIDWORKS Flow Simulation, 2025

357

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Advanced Examples
Specifying Stationary Walls

Type B

& @)

Environment Pressuee
Static Pressure
Total Pressure

Thermodynamic Parameters

B [101325Pa ] (£,

S

.
e
w

T |293.2K

[T Pressure potential

Note
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:

— — 2
Pspeciﬁed =P, =Py - Varpw e

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 (P ;).

When you specify a rotating 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
a non-rotating wall, the Stator moving wall boundary condition can be applied to this wall.
Specifying the stator boundary condition is the same as specifying the zero velocity of this wall
in the absolute (non-rotating) frame of reference. Note that stator face must be axisymmetric
with respect to the rotation axis.

Specifying Stationary Walls

We will specify the stator condition at the corresponding walls of the pump’s cover.
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Procedure

1. In the flyout FeatureManager design tree, select the Cover component.

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

& Boundary Condition

Cover-1@pump
&
7]
}zfvx |I3I|:|I:|al Coordinate Spstem

Reference axis: Ix vI

Type #

V¥ stator

3. Click Wall [=+=| and keep the default Real Wall condition type.

4. Select Stator.

5. Click OK «# and rename the new Real Wall 1 condition to Stator Walls.

Calculating the Impeller’s Efficiency

Engineers dealing with pump equipment are interested in the pump efficiency. For the pump
under consideration the efficiency (1) can be calculated in the following way (F.M. White "Fluid
Mechanics", 3rd edition, 1994):

{'F:!rhfe.r - Pji:ie.r ) Q
Q-M

n=
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where P;,;,; is the static pressure at the pump’s inlet, P, is the bulk-average static pressures

at the impeller’s outlet (Pa), Q is the volume flow rate (m3/ s), Q is the impeller rotation angular
velocity (rad/s), and M is the impeller torque (N-m). To obtain P, an auxiliary Measure
component was placed where the flow exits the impeller.

The Measure component is only used for the pressure measurement (the corresponding goal
will be specified at the inner face of the Measure thin ring), thus it should be disabled in the
Component Control dialog box.

Procedure

1. Click Tools > Flow Simulation > Component Control.

R

State A

E % Cover-1

b % Impeller-1
I % Measure-1
@ Wy Inlet Lid-1

@ B OutletLid-1

4

CANCUmNCCY

2. Deselect the Measure component.

3. Click OK « to close the dialog box.

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’s inlet and outlet to inspect the mass balance
as an additional criterion for converging the calculation.

GOAL TYPE | GOAL PARAMETER | FACE
Surface Goal | Mass Flow Rate The inner face of the Inlet lid

Surface Goal | 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 The inner face of the Inlet lid
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GOAL TYPE | GOAL PARAMETER | FACE

Surface Goal | Bulk Av Static Pressure | The inner face of the Measure ring at
the impeller's outlet.

Surface Goal | Torque (Z) All Impeller faces in contact with air.

Rename the created goals as shown below:

EF-' Goals
- ﬁ SG Mass Flow B ate Inlet

- ﬁ 50 Maszz Flow Rate Outlet

- ﬁ 503 Aw Static Prezsure [nlet

------- ﬁ S50 Bulk Av Static Prezsure Impeller's Outlet

------- ﬁ Torque on Impeller
Finally, specify the following Equation goals:

GOAL FORMULA DIMENSIONALITY
NAME

Pressure Drop | {SG Av Static Pressure Inlet}-{SG | Pressure & stress
Bulk Av Static Pressure Impeller's
Outlet}

Efficiency {Pressure Drop}*{Inlet Volume No unit
Flow 1:Volume flow rate:3.000e-
001}/209.44/{Torque on Impeller}

Follow the instructions to add inlet volume flow value to the equation goal’s expression.
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Procedure

1. On the Equation goal pane click Add Parameter J

General Settings —
= Boundary Conditions
>El Inlet Valume Flow 1

Valume flow rate
i Temperature
~ Turbulence intensity
i e Turbulence length
& Environment Pressure 1

2. Inthe Add Parameter list expand the Boundary Conditions group, under
Inlet Volume Flow 1 sclect Volume flow rate and click Add ﬂ

------- ﬁ S50 Bulk Av Static Prezsure Impeller's Outlet

....... By Torgue on Impeller

- FE:: Pressure Drop

---@a Results

Results

Now the goals to are defined to support monitoring the calculation and evaluate the results.

Specifying Global Mesh Settings

Specify the following Global Mesh Settings.

Type Automatic
Level of initial mesh 4
Minimum gap size 0.04 m
Other options are default

Save the model and run the calculation.
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Getting Results

After the calcualtion is finished the results can be displayed.

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 of the Cut Plot

definition window.

Vector Plot Velocity [m/s]

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 cross-section, position Z = -

Vector Plot Velocity RRF [m/s]
N
(i SRR
.I..; | |
{-n:. . | 'i:"
N
NS/
0.02 m, vector spacing = 0.02 m, arrow size = 0.03 m).
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101300.00
101200.00
101100.00
101000.00
100900.00
100800.00
100700.00
100800.00
100500.00
100400.00
10030000
Pressure [Fa]

The flow static pressure at the impeller flow passage midsection.

101200
101110
101020
100930
100340
100750
100660
100570
100430
100390

100300
FPressure [Fa]

The flow pressure distribution over the impeller surface.
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For the impeller under consideration the obtained efficiency is about 0.75.

Goal Name

Unit

Value

Averaged Value

Minimum Value

Maximum Value

Efficiency

[l

0,742827891

0,74284 3676

0,742800631

0,742302152
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CPU Cooler

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.

Fan

-all— Heat sink

Copper core
CPU

An exploded view of the CPU cooler assembly.

A quantitative measure of the cooler efficiency is the thermal characterization parameter
Yey = (Tc-T4)/Pp, where T is the temperature of the CPU cover, 7, is the surrounding air

temperature, and Pp, is the thermal design power (TDP) of the CPU.
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Opening the Model

You can open the model.
Procedure
1. Copy the C6 - CPU Cooler folder into your working directory.

2. Open the cpu cooler.sldasm assembly.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the cpu cooler.sldasm assembly
located in the C6 - CPU Cooler\Ready folder and run the project.

Creating a Flow Simulation Project

Use the Wizard to create a new project.

SOLIDWORKS Flow Simulation, 2025 367



Advanced Examples
Adjusting the Computational Domain Size

Project name CPU Cooler at 4400 RPM
Configuration Use current

Unit system SI (m-kg-s)

Analysis type Physical features

e Fluid Flow

e Conduction

e Rotation:

e Type: Local region(s) (Averaging)

Geometry handling

e Analysis type: External

e Exclude cavities without conditions

e Exclude internal space

Default fluid Gases / Air

Default solid Glasses and Minerals / Insulator
Wall Conditions Default smooth walls

Initial and Ambient Thermodynamic parameters:
Conditions

e Temperature = 38 °C;
Solid parameters.

e [nitial solid temperature = 38 °C;

other conditions are default

Adjusting the Computational Domain Size

Specify the computational domain size as follows:

X max =0.095 m Y max=0.1123 m Z max =0.095 m
X min =-0.095m Y min = 0.0005 m Z min =-0.095 m

Specifying the 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 axes
and/or at different speeds or if the computational domain has a non-axisymmetrical (with
respect to a rotating component) outer solid/fluid interface. Each rotating solid component is
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surrounded by an axisymmetrical rotating region which has its 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 requirements:

e the rotating component must be fully enclosed by it,
e it must be axisymmetric (with respect to the rotating component's rotation axis),

e 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,

e the components defining different rotating regions must not intersect.
Procedure
1. Choose Tools > Flow Simulation > Insert > Rotating Region.

2. In the flyout FeatureManager design tree, select RotRegion component. Note that the
Disable solid components check box is automatically selected to treat the Rotating
Region as a fluid region.
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Note
A component to apply a rotating region must be a body of revolution 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 same reason, 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 this tutorial example (the
rotation region boundary is denoted by red).

These gaps are necessary
for flow to be more
axisymmetrical at the
rotating region boundary.

By placing the rotating
region 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

I negative effects of the

I [ non-axisymmetrical flow

‘ ' _ o in this narrow channel.
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.
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3. Under Parameter, set the Angular Velocity 2P to 4400 RPM. If the default direction
of the rotation is opposite to the desired, then specify -4400.

Angular Yelocity
-460.TEEY23 radls

Note
During the definition of a rotation region, heavy green arrows denoting the rotation
axis and the default direction of rotation speed can be seen in the graphics area.

Since we want to define the rotation in the direction opposite to the default, we specify

negative value of the angular velocity.

4. Click OK +# .

Results

When you specify a rotating region, it is assumed that all model walls within this region rotate
with the region's angular velocity unless you set a specific wall 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 this wall
in the absolute (non-rotating) frame of reference. Note that the stator face (or a part of the face
that is located 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.

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.
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Procedure

1. Inthe Flow Simulation Analysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

2. Under Type, select Wall |; | Keep the default Real Wall condition type and select
Stator option. o

& Boundary Condition 7

R

selection

bl

@) |Face<1>@Attach Clip-1
Face<2:=@Attach Clip-1
(7| | Face <3=@Attach Clip-1
i

Face<4>@Attach CIiE—l
7]
}zrvx |I3I|:|I:|al Coordinate Spstem

Reference axis: Ix - I

Type A
L:3{(+) [,,:

Real Wall
Ideal'.,a" Wall

V¥ stator

3. In the flyout FeatureManager design tree select the Fan Attach component.
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4. Select the two inner circular side faces and two top faces of Attach Clip as shown.

5. Click OK «# .

Specifying Solid Materials
You can specify the solid materials for the project.

The CPU and the Heat Sink are made of Aluminum (Pre-Defined/Metals). The Copper
Core, naturally, is made of Copper (Pre-Defined/Metals). All other parts are made of default
Insulator.

Specifying Heat Source

Specify the volume source with the heat generation rate of 75 W in the CPU component.

Specifying Global Mesh Settings

You can specify global mesh settings.
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Procedure

1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. First, under Type, keep the default Automatic type and under Settings, specify the

following mesh settings:

Level of initial mesh 5
Minimum gap size 0.005 m
Uniform Mesh On

Other options are default

3. Click OK «# .

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.

To calculate 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.
GOAL TYPE | GOAL VALUE FACE
Surface Goal | Max Temperature Top face of the CPU cover. To set
(Solid) this goal you may need to hide the
Heat Sink and Copper Core
components.
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GOAL TYPE | GOAL VALUE FACE

Surface Goal | 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 goal | ({SG Mass Flow Rate The disbalance of the inlet and outlet

1}+{SG Mass Flow Rate | mass flow rates. We are using the "+"
21)/{SG Mass Flow operand since the inlet and outlet
Rate 1} mass flow rate values have opposite
signs.
Select No unit for Dimensionality.
Global Goal | Av Temperature (Fluid)
Global Goal | Av Velocity
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Procedure
1. Inthe Flow Simulation Analysis tree, right-click the Goals icon and select Insert Point
Goals.
Selection -3
) () )
X [om j
Y [000%75m j
z [om j
[EJ add point
E wmml [ vIm] [ z[m] |
0 0.009675 0
X ok

2. Click Point Coordinates EJ

3. Enter the coordinates of the point: X =0m, Y =0.009675 m, Z = 0 m.

4. Click Add Point EJ

5. In the Parameter table, select the Value check box in the Temperature (Solid) row.

6. Click OK +# .

L:JF Goals
...... # GG Av Velocity 1
...... Fﬁ 5G Mass Flow Rate 1

...... Fﬁ 5G Mass Flow Rate 2
...... Ft: Equation Geal 1

Results
All project settings are defined.

Save the model and run the calculation.

------ Ft GG Av Temperature (Fluid) 1

...... F. PG Temperature (Solid) 1
------ Fﬁ 5G Max Ternperature (Solid) 1
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Getting Results

After the calucaltion is finished you can display 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:

Wey = (Tc- Ty)/Pp=(330-311.15)/75 = 0.25 °C/W.

The second most important characteristic of the CPU Cooler is the 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. (see below).

3o
3281
326.2

Fo3343
L3224
L 3205
L 3186
L 6T

ag
Ne
i

Temperature [K]

Cut Plot 1: contours

3300
3281
326.2

rod43
- 3224
+ 3205
F 3186
L 36T

ag
3129
i

Temperature [K]

Temperature field and velocity vectors distribution (Front plane,
no offset, vector spacing = 0.003 m, arrow size = 0.015 m).

[ =01 contours
Cut Plot 2: contours

Temperature field and velocity vectors distribution (Right
plane, no offset, vector spacing = 0.003 m,
arrow size = 0.015 m).
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¥

s

Velocity distribution as a contour plot (Front plane, no offset).

Yelocity [mys]

Cut Plot 1: contours

Welocity [mis)

¥

el

—

Cut Plot 1; contours
Cut Plot 2: contours

Velocity distribution as a contour plot (Right plane, no offset).
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Oil Catch Can

Here we consider the motion of motor oil droplets in the air flow inside the oil catch can
installed in the car. The presence of the droplets in 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 a lot of smoke in the exhaust.

For this tutorial we consider the geometry of oil catch can shown on the picture below. The
dividing wall is placed so that most of the droplets entering through the inlet nipple along with
the air flow collide to it. Once the collision occurs, the oil droplet adheres to the wall and then
trickles down. However 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 is to estimate the probability of trapping oil droplets in the oil
catch can considering the following droplet sizes: 8, 13 and 18 um. Quantitatively, we can
calculate this probability value for each individual droplet size with the following expression:
P = Moutlet / Minlet

where Minlets Moutlet

correspondingly. The value of m;,;,, is set to equal to 0.5% of air mass flow rate.

m is the mass flow rate of oil droplets in the inlet and in the outlet
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We assume that oil droplets do not influence the air flow because of their small size and mass

(~10713 kg). Therefore, we also neglect the impact of oil accumulation on the flow inside the oil
catch can.

Openingthe Model. ...ttt eeeeessosonnsonnsannss 380
Creating a Flow Simulation Project. ....... ...ttt iiiiiiiiiiiiiiiinnenenns 380
Specifying Boundary Conditions .........coiuiiiiiiiiiiiiiiiiiiirienenenennns 381
Specifying Project Goals . ......coiittiiiiiiiiiiiiiiiiiriieieieenencnennnnns 381
Specifying Global Mesh Settings .........cciiiiiiiiiiiiiiiiiiiiiirnenenennns 383
Setting Solution Adaptive Mesh Refinement..................ociiiiiiiiiann.. 383
Defining Motor Oil Material. ....... .ottt iiiiirienenenannnns 384
Studying the Motion of Oil Droplets ..........coiiiiiiiiiiiiiiiiieienennnnns 385

Opening the Model

You can open the model.
Procedure
1. Copy the C7 - Oil Catch Can folder into your working directory.

2. Open the can.sldasm assembly.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the can.sldasm assembly located
in the C7 - Oil Catch Can\Ready folder and run the project.

Creating a Flow Simulation Project

Use the Wizard to create a new project.

Project name Oil particles
Configuration Use current
Unit system SI (m-kg-s)
Analysis type Physical features
o Fluid Flow
Geometry handling
e Analysis type: Internal
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Default fluid

Gases / Air

Wall Conditions

Adiabatic wall with zero roughness

Initial Conditions

Default conditions

Specifying Boundary Conditions

Specify the boundary conditions for inlet and outlet flows.

Type Inlet Volume Flow

Name Inlet Air Volume Flow

lid

Faces to apply | the inner face of the In

Parameters:

(0.00167 m*3/s)

Volume Flow Rate of 100 I/min

Type Static Pressure

Name Outlet Static Pressure

Faces to apply | the inner face of Out lid

Thermodynamic Parameters:
Default values (101325 Pa and 293.2 K)

Specifying Project Goals

You can specify project goals.

Procedure

1. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert

Surface Goals.
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2. In the Flow Simulation Analysis tree, select the Inlet Air Volume Flow boundary
condition.

3. Under Parameter, select Av Static Pressure.
4. Click OK «# .

This goal will be an intermediate one to calculate pressure drop through the oil catch
can.

5. In the Flow Simulation Analysis tree, right-click the Goals icon and select Insert
Equation Goal.

6. On the pane in the bottom of the screen click Add Goal m

7. From the Add Goal list select the SG Av Static Pressure 1 goal and click Add ﬂ It
will appear in the Expression box.

8. Click the minus "-" button in the calculator.
9. On the pane in the bottom of the screen click Add Parameter E

10. Inthe Add Parameter list expand the Boundary Conditions group.

11. Under the Boundary Conditions group expand the Outlet Static Pressure boundary
condition, select Static Pressure and click Add ﬂ

12. Select Pressure & stress for Dimensionality.

13. Type Pressure Drop in the Goal Name box.

r!g i E -y Pressure Drop Pressure & stress vl o ﬂ (z) X
Expression
{5G Av Static Pressure 1)}-Outlet Static Pressure: Static pressure; 1,01 32+05] H Parameters A
* General Settings
= Boundary Conditions
m 8 9 2 [ sin = e L # Inlet Air Volume Flow
=l Qutlet Static P
P 5 6 _ i = e = = - ic Pressure
1 2 3 - B Lan I R average Temperature
Turbulence intensity
] E | ! L st a Turbulence length
W
[] Use for comvergence controd
4 X
14. Click OK «+# .
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Specifying Global Mesh Settings

Specify the following Global Mesh settings.

Type Automatic
Level of initial mesh 3 (default)

Other options are default

Setting Solution Adaptive Mesh Refinement

With the specified Level of initial mesh 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 particle
trajectories. So, to improve the accuracy of the solution in those regions, it is convenient to
perform additional (adaptive) mesh refinement during the calculation.

Procedure
1. Choose Tools > Flow Simulation > Calculation Control Options.

2. Go to the Refinement tab.

Calculation Control Options

Finishing  Piefinement | Sotving | Saving |

Parameter | Vale | | oR I
Global Domain level = 1 | e I
[ Refinement Seftings Help |
W Approcimate maximum cels 10400000
Refinement sirategy Tabular ;I Travels LI
Relaxation interval [auta] |0z
Table of refinements i i

Beset. |

3. Under Global Domain specify refinement level = 1.

4. Expand the Refinement Settings item and make sure that the unit value of the
Refinement strategy item is set to Tabular.

SOLIDWORKS Flow Simulation, 2025 383

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Advanced Examples
Defining Motor Oil Material

5. To edit the table of refinements, first make sure that the unit value is set to Travels.
Then, click the o button in the Table of refinements field.

6. Inthe opened window, click Add Row. A single blank row will appear.

7. Enter the value of 2 in the created row.

Table |

Cancel |

Help

.-'1'-.|:||:| R

Hemu:uve Huw[s]

e Travels

This means that mesh refinement will occur during the calculation when the value of
travels reaches 2.

8. Click OK.

9. Go to the Finishing tab.
10. Under the Finish Conditions, make sure that the Refinements is set On.
11. Set Off the Travels.
12. Click OK.

Results

Save the model and run the calculation. 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.

Defining Motor Oil Material

You can define the motor oil material.

Procedure

1. Choose Tools > Flow Simulation > Tools > Engineering Database.
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2. In the Database tree, select Materials / Liquids / User Defined.

3. Click New Item D in the toolbar.

The blank Item Properties tab appears.
Double-click the empty cell to set the corresponding property value.

4. Specify the material properties as shown in the table below:

Name Tutorial Motor Oil
Density 900 kg/m”3
Dynamic viscosity 0.01 Pa*s

Specific heat 1900 J/(kg*K)
Thermal conductivity 0.2 W/(m*K)

Studying the Motion of Oil Droplets

You can study the motion of oil droplets.

Procedure
1. Inthe Analysis tree, right-click the Particle Studies icon and select Wizard.

2. Keep the default name for the Particle Study and click Next &J .
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3. Click the Inlet Air Volume Flow boundary condition, so that the corresponding face
appears under the Starting Points.

bl

Starting Poinkts
B8 (%] () (&)

[IE_] Face <1 =@inlet_lid-1

i =
(%] [0.00Tm j
Particle Properties #
@ [BelBm j
da ILiquiu:Is j

af

El Uzer Defined
&2 T utorial Motor Oil

Lef el

ITutu:uriaI Maokar Oil

[ Create/Edit. .. ]

Mass Flow Rate

m |1 e05 ka's

PN

4. Set the Number of points (3| to 1000.

5. Under the Particle Properties, set the Diameter equal to 8e-06 m and change the
Material to the created Tutorial Motor Oil (Materials / Liquids / User Defined).

6. Change the Mass flow rate value to 1e-05 kg/s. This value is 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 problem statement.
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Note
B The value set for the Number of points reflects the number of different possible

trajectories of the considered particles used for tracing. Obviously the larger this
value is, 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 ] .

8. Under Physical Features, select Gravity.

b ]

Phisical Features

[T Accumulation
" Erosion
v Gravity

B [m/s72
& [98Tms"2

A5 [oms2

N B Bl

9. Click Next &3 .

10. Under the Condition, make sure that Absorption is selected.

Default Wall Condition

bl

|§| Absorption
| g | Ideal reflection

| % | Reflection

11. Click Next €.

Note
™ For 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.

12. Under Default Appearance, sct Draw Trajectories as :2; Lines.
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13. Click OK +# .

A new Particle Study 1 item with one sub-item (Injection 1) appear in the Analysis
tree.

‘,':;” Particle Studies
|':"|‘,':;” Particle Study 1
s wiall Conditions
=]+ Injections
...... ++= |njection 1
...... +-= |njection 2
e |njection 3

14. Right-click the created Injection 1 item and select Clone. Create this way Injection 2
and Injection 3 items.

15. For the Injection 2 and Injection 3, edit the Diameter to 1.3e-05 m and 1.8e-05 m
respectively.

16. Right-click the Particle Study 1 item and select Run.

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.

8 um droplets 13 pm droplets 18 um droplets

For each particular droplet size, we can obtain the precise amount of particles flown out of the
Oil Catch Can by evaluating the integral parameter Number of Particles on the outlet face
using the Surface Parameters feature.
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Advanced Examples
Studying the Motion of Oil Droplets

With these values, we can conclude that the probability of trapping the 18 pm droplets is 100%;
13 um is about 97%; 8 pum is about 90%.
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Studying the Motion of Oil Droplets
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Chapter 5
Examples for HVAC Module

The examples for HVAC module presented below demonstrate how to use capabilities and
features of this module to solve real-life Heating, Ventilation, and Air Conditioning problems.
This functionality is available for the HVAC module users only.

e DI - 150W Halogen Floodlight
e D2 - Hospital Room

e D3 - Pollutant Dispersion in the Street Canyon

150W Halogen Floodlight .. ...... ..ottt enneesenronnses 392
Hospital Room . ... ..ottt iiiiiiiiiiietttnreseososascsnsssnsssnans 408
Pollutant Dispersion in the Street Canyon ..........ccvtiiiiiiirennrennnennns 422
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Examples for HYAC Module
150W Halogen Floodlight

150W Halogen Floodlight

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 calculation goals.

g’;‘ﬂw This feature is available for the HVAC module users only.

Here we consider a halogen floodlight with an aluminum housing, which contains a quartz glass
front window, a silicone gasket, an aluminum internal reflector, a ceramic lamp-holder and a
150 W linear halogen lamp.

The linear 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.
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150W Halogen Floodlight

Components of the floodlight and the halogen lamp are shown at the figures below.

Pinch pins

Filament

Base sockets

Case Cover

Lamp

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 is to ensure that the
pinch pins, the lamp bulb and the front glass are not overheated.

Component Maximum permissible temperature
Pinch pins 350 °C
Bulb glass 900 °C
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Opening the Model

Openingthe Model. . ......coiuiiiiiiiiiiiiieinereeeeesesensenssnsonsonses 394
Creating a Flow Simulation Project........... ..ottt iiiiiiiiiiiiienrnnnns 394
Adjusting the Computational Domain Size...............cciiiiiiiiiiiinennn. 395
Specifying Fluid Subdomain.......... ... iiiiiiiiiiiiiiiiiinienrenrnnnnns 396
Specifying Heat and Radiation Conditions . .............cciiiiiiiiiiiinennnns 397
Specifying Radiative Surfaces. .. ........coiiiiiiiiiiiiiiiiiiiiiienrenrnnnnns 400
Specifying Solid Materials. .. ..ottt iiiiiienrenrenrsnssnsnns 401
Specifying Bodies and Materials Transparency ..........cceeeeeeeeeecenccnsons 402
Specifying Goals. . ....oviitiitiiiiiiiiiiiiiitiietteteesessessnssnssnssnsons 404
Specifying Global Mesh Settings ..........cciiiiiiiiiiiiiiiiinienrenrnnnnns 404
Setting Local Mesh. . .......itiiiiiiiiiiiiiiiiiiitiiteeenesnsenssnssnsons 405
Adjusting the Calculation Control Options. . ..........cciiiiiiiiiiinrenrennns 405
Getting Results. . ...ooiitiitiiiiniiiiiiiiitiiiteeeeeseeseesnssnssnssnsonses 407

Opening the Model

You can open the model.

Procedure
1. Copy the DI - Floodlight folder into your working directory.

2. Open the floodlight.sldasm assembly.
Note

To skip the project definition and run the Flow Simulation project defined in
accordance with the tutorial, you will need to open the floodlight.sldasm assembly
located in the D1 - Floodlight\Ready folder and run the project.

Creating a Flow Simulation Project

Use the Wizard to create a new project.
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Adjusting the Computational Domain Size

Project name

Floodlight

Configuration

Use current

Unit system

SI (m-kg-s)

Analysis type

Physical features

o Fluid Flow

e Conduction

® Radiation:
® Radiation model: Discrete Ordinates
e Environment temperature = 293.2 K
e Absorption in solids

e Spectral characteristics:
Number of bands = 2;
Band edge 1 = 2500 nm;
Environment radiation: Blackbody
Spectrum

e Gravity:
e Y component =-9.81 m/s"2
Geometry handling

e Analysis type: External

Default fluid

Gases / Air (Default fluid)
Gases / Argon (clear the Default fluid check box)

Default solid

Metals / Aluminum

Wall conditions

Default wall radiative surface: Pre-Defined /
Real Surfaces / Aluminum, commercial sheet

Default zero roughness

Initial conditions

Default conditions

Note

Only one semi-transparent solid material, the quartz glass, is used in this device. Its

absorption properties are specified as dependent on the wavelength with an abrupt change in
absorption at 2500 nm. The UV radiation from the tungsten filament is negligible at 2900 K.
Thus, a two-bands spectrum with the bands edge at 2500 nm allows to simulate the radiation
absorption in the glass components of the lamp accurately enough.

Adjusting the Computational Domain Size

Specify the computational domain size.
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Specifying Fluid Subdomain

Xmax=0.15m Y max=02m Zmax=0.15m

Xmin=0m Y min=-0.12m Z min=-0.15m

Specify the Symmetry & condition at X min g,.

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 as filled with an inert
gas only. The gas in a halogen lamp is at the pressure several times higher than atmospheric. We
use fluid subdomain to define both the gas filling the lamp and its pressure.

Procedure
1. Choose Tools > Flow Simulation > Insert > Fluid Subdomain.
2. Select the inner 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.
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Examples for HYAC Module
Specifying Heat and Radiation Conditions

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 the list of fluids below, so that only Argon
remains selected.

4. Under Thermodynamic parameters in the Pressure p box type 2 atm.

5. Click OK +# .

Specifying Heat and Radiation Conditions

There are several ways to define a heat source in Flow Simulation. The surface area of the
cylindrical straight-line filament can substantially differ from the actual surface area of the coil.
If you specify a heat source by its power, this difference must be considered. To avoid
discrepancy between the actual and specified radiation heat transfer you can define a heat
source with the temperature specified, and then define a radiation source with the power
specified.

To do this, we specify a Volume Heat Source with the temperature of 2900 K. 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 outgoing
radiation by the filament must be excluded from the calculation, so the filament surface must be
defined as a whitebody surface.

Specify the volume heat source as shown in the table below:

Type Volume Heat Source
Name 2900 K
Components | Lamp\Lamp Wire
to apply
Parameter:
Temperature of 2900 K

Note

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 temperature of tungsten is 2-3% higher than
its equivalent true temperature.
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Specifying Heat and Radiation Conditions

Specify the goal necessary for calculating the convective heat transfer rate:
GOAL TYPE | GOAL PARAMETER | FACE

Surface Goal | 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
FeatureManager design tree.

Follow the steps below to specify the radiation source.

Procedure

1. Choose Tools > Flow Simulation > Insert > Radiation Source.

2. In the flyout FeatureManager design tree select the Lamp\Lamp Wire component.

All the filament faces are selected as Faces to Apply the Radiation Source Ny
3. Select Diffusive @ as the Type.

4. Under Power select Power and then click Dependency ()

Power -]
v [
Q IDependenc_l,l jl
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Specifying Heat and Radiation Conditions

5. Inthe Dependency 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 the input panel. The
resulting expression must be the following:

150/2-{SG Heat Transfer Rate 1}

EN pependency ﬂ m
Dependency type:
IF:::rmuIa Definition j
Formula:

|1 B0/245G Heat Transfer Rate 1]

Backspace | Clear |
= 9 + [ | zin " i
4 5 5 - ] | cos u phi
112 3 =1 7| tan z | theta
] . E dempl In goal
Dependent on goal:
I 5G Heat Transfer Rate 1 j

[ Damping

(] I Cancel | Help |

Note
We 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.

6. Click OK to return to the Radiation Source dialog.

7. Under Spectrum select Blackbody Spectrum .~ and enter 2900 K in the Blackbody
Temperature 1, box.

Spectrunm

M IBIackl:u:udy Spectrum

a0
E 1 bl

Ta |2ann 3
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Specifying Radiative Surfaces

8. Click OK .

Results

The new Diffusive Radiation Source 1 item appears in the Analysis tree.

Specifying Radiative Surfaces

Follow the steps below to specify the radiative surfaces.

Procedure

. Choose Tools > Flow Simulation > Insert > Radiative Surface.

2. Under Type, expand the list of Pre-Defined radiative surfaces and select Whitebody

wall.

Type =
=~ F'_re-D efired
Abzorbent wall
i Blackbody wall

Maon-radiating surface
[#- Real Surfaces

[+ Uzer Defined

Whitebody wall j

[ Create/Edit. .. ]

. In the Flow Simulation Analysis tree select the Diffusive Radiation Source 1 item.
. Click OK « .

. Rename the new Whitebody wall 1 item to Radiative Surface Filament.

Click anywhere in the graphics area to clear the selection.

. Choose Tools > Flow Simulation > Insert > Radiative Surface.
. Under Type, click Create/Edit.

. In the Engineering Database, under Radiative Surfaces / User Defined, create a new

item and change its Name to Tutorial Aluminum, polished.
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Specifying Solid Materials

9. Change the parameters of the surface as shown below:

| Property | alue |
M ame Tutarial Aluminum, polizhed
Comments _I
Radiative zurface type W all LI
R eflection Diffugive and Specular LI
Specularity coefficient na
Diffuge coefficient nz
= Emigzivity Specific for thermal and zolar radiation LI
- Emigsivity coefficient 01 _I
“ Solar absarptance 01 _I

10. Save the created radiative surface and exit the Engineering Database.

11. Under Type, expand the list of User-Defined radiative surfaces and select Tutorial
Aluminum, polished.

12. Select the inner faces of Reflector located (at least, partially) within the computational
domain.

13. Click OK +# .

14. Change the name of the new radiative surface to Radiative Surface Reflector.

Specifying Solid Materials

For the opaque components, specify the Solid Material.
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Specifying Bodies and Materials Transparency

Lamp\Lamp Wire Pre-Defined\Metals\Tungsten

Lamp\Lamp Pinch<1> Pre-Defined\Metals\Molybdenum

Lamp\Lamp Base<1> Pre-Defined\Ceramics\Alumina

Holder (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.

402 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Examples for HYAC Module
Specifying Bodies and Materials Transparency

Procedure
1.

In the Flow Simulation Analysis tree, right-click the Solid Materials icon and select

Insert Solid Material.

W solid Material

v X

Selection

®

glass-1&floodlight

lamp-2@floodlight/lamp_bulb-1&lamp

Solid ~

= Pre-Defired -
L Alloys
[#- Building Materials
[+ Ceramics
= Glagses and Mirerals
Diamaond
Glazs
- [lazs Lid Seal
- Insulabor

Quartz glass

H

|Quartz glass [Pre-DefinedyGlasses and Mln-j

Create/Edit...
Radiation Transparency ~

ﬂ’ Opaque
E Absorptive

:H‘ Wavelength, nm |a, 1/mm
< 2500 0.000254821
> 2500 04965558

. |1 45

ﬁ Transparent

2. In the flyout FeatureManager design tree select the Glass and Lamp\Lamp Bulb

components.
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Specifying Goals

3. Under Solid expand the list of Pre-Defined solid materials and select Quartz Glass

under Glasses and Minerals.

Under Radiation Transparency select Absorptive [-[|:/.

Note
Absorptive body is semi-transparent. It means that it absorbs the heat radiation

within its volume. This option is available only if the absorption coefficient 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 or General
Settings.

The Absorption Coefficient }||. and Refractive Index o values are specified in the
Engineering Database and are provided here just for reference.

Click OK « .

Flow Simulation now treats this solid material and all solid bodies it 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.

[L]?-'P-' Goalz
...... ?ﬁt 506 Heat Transfer Rate 1

------ ?ﬁi 50G A Temperature of Front Glass [outzide]
------ ?ﬁi S50G Maw Temperature of Front Glazs [outzide]
------ % WG Av Temperature of Front Glass

------ % WG Max Temperature of Front Glass

------ % W& Av Temperature of Bulb Glass

------ % Wi Max Temperature of Bulb Glass

------ % W5 Max Temperature of Pinch

------ % W& Av Temperature of Pinch

In addition, specify volume goals of the Glass, Lamp\Lamp Bulb and Lamp\Lamp Pinch<1>
maximum and average temperatures. (you must select Temperature (Solid) as the goal
parameter). You can rename the goals as shown to make it easier to monitor them during the
calculation.

Specifying Global Mesh Settings

Specify the global mesh settings.
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Setting Local Mesh

Type Automatic

Level of initial mesh 4

Other options are default

Setting Local 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 this is to specify Local Mesh - it
allows us to obtain more accurate solution in these specific regions without creating an
excessively fine mesh in other regions.

Procedure

1. In the flyout FeatureManager design tree select the filament, pinch pin and bulb
components of the halogen lamp (Lamp\Lamp Wire, Lamp\Lamp Pinch<1>, Lamp\
Lamp - Bulb).

2. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

3. Under Refining cells, use the slider to set the Level of refining solid cells Hg to 6.

4. Under Channels, set the Characteristic Number of Cells Across Channel =ato7 and
Maximum Channel Refinement Level 'Da to 1.

5. Under Advanced Refinement, sct Small Solid Feature Refinement Level = to 1.

6. Click OK «# to save local mesh settings.

Adjusting the Calculation Control Options

You can adjust the calculation control options.

Procedure

1. Choose Tools > Flow Simulation > Calculation Control Options.
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Adjusting the Calculation Control Options

2. Switch to the Solving tab.

Calculation Control Options
Firishing | Refinement Sobing | Saving |

Parameter | Walug |
[=I &dditional Parameters
[ Calculste Local Mean Age [LidA)
[] Caleulste Comfort Paramelers elp

dili

[=] Flow Freezing
Fieezing slrateqy Disabled =

[=] Radiation [Discrete Ordinates)
Freezing sirabeqy Dizabled B
Digcretization level

Resed... |

3. Under Radiation (Discrete Ordinates), make sure that the value of Discretization
level is set to 3. This value is appropriate for the given conditions and allows to obtain
an acceptable accuracy in the case of compact radiation sources.

Note
The Discretization level controls the 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.
Results

All project settings are defined.

Save the model and run the calculation.
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Getting Results

Getting Results

In accordance with the obtained results, we can say that the glass cover and the lamp bulb
operate at permissible temperatures.

Goal Name Junit [value Averaged Value |Mlnimurn Value [Maximum Value
5G Av Temperature of Front Glass (outside) |[K] | 414,4394745 413,3632947 411,6856544 414,4394745
5G Max Temperature of Front Glass (outside)|[K] | 466,3195495) 454, 5295859 A651,7595886 Ai66,3195459
VG Av Temperature of Bulb Glass [K] | 710,7656618 710,02238 T08,8575382 710,7762164
VG Max Temperature of Bulb Glass [K] | 927,9743251 5927,3833648 926,4955347 927,9743251
VG Av Temperature of Pinch [K] [ 456,1719025 455,5481749 454, 58188 456,1918808
VG Max Temperature of Pinch [K] | #31,5773112 480,9305385 480,0521668 481,6813377
VG Av Temperature of Front Glass [K] | 415,8596304 414, 7707877 413,0714827 415,8556904
VG Max Temperature of Front Glass [K] [ 4676627215 465,8250295 463,0208628 467,6627215
5G Heat Transfer Rate 1 [W] | 8564844916 B, 567709638 8,564689549 8,571888672

293.00 44475 58650 T43.25 900.00

Temperature (Solid) [k]

The glass temperature distribution
(surface plot of solid temperature) in
the range from 293 to 900 K.

29319 39489 49659 59330 700.00

Temperature [K]

The temperature distribution in the
symmetry plane (cut plot of
temperature) in the range from 293 to
700 K.
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Hospital Room

Hospital Room

This tutorial demonstrates the capability of Flow Simulation to predict the performance of a
building ventilation system and to estimate air quality and general thermal sensation by
calculating comfort criteria. It is shown how to define a project, that is, specify the heat sources,
boundary conditions and calculation goals, and how to obtain values of comfort criteria.

Some of the features used in this tutorial are available for the HVAC module users only.

Here we consider a hospital isolation room and estimate the ventilation system effectiveness
with respect to the contaminant removal and thermal satisfaction of people in the room. A
typical patient room includes standard features such as a patient bed, exhausts, lightening,
equipment. The overhead ventilation system contains an overhead ceiling supply diffuser, the
ceiling and the washroom exhausts. The contaminant source is assumed to be the patient
breathing. The heat sources are lights, a medical equipment, a TV, a patient and a caregiver.

The ventilation system and the patient room features are shown at the figure below.

Washroom exhaust vent grille Forced air removal

Ceiling lights

Forced inlet .
fresh air flow

Caregiver ————

Hospital
equipment

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).

Patient

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).
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Opening the Model

Openingthe Model. . ......coiuiiiiiiiiiiiiieinereeeeesesensenssnsonsonses
Creating a Flow Simulation Project........... ..ottt iiiiiiiiiiiiienrnnnns
Specifying Boundary Conditions ............ciiiiiiiiiiiirneenrenrnnrnnnnns
Specifying Heat Sources .........couiiiiiiiiiriernereeseesnssnssnssnssnsons
Specifying Calculation Control Options ..........cciiiitiiiiiiinrenrnnrennnns
Specifying Goals. . ....oviitiitiiiiiiiiiiiiiitiietteteesessessnssnssnssnsons
Adjusting Global Mesh . ...... ...ttt rsnrsnsnnnns
Setting Local Mesh. . .......iitiiiiiiiiiiiiiiiiiiititterenesnssnssnssnsons
Comfort Parameters ........ccouuiiiiiiniiiieiienineneneensnenesscncnencnns
Obtaining CRE Value ..........oiiiiiiiiiiiiiiiiiiiiiiitnrenrsnronsnnnes
Volume Parameters . .....ccouiiiiiiiiiiitiiieineeeeeeesessosssesscnccncenens

Cut Plots and ISOSUITaACES .« v v vttt veeeeeeeeeeeeeneoseeeeoneossesossssoesonnoes

Opening the Model

You can open the model.

Procedure
1. Copy the D2 - Hospital folder into your working directory.

2. Open the hospital room.sldasm assembly.

Note

To skip the project definition and run the Flow Simulation project defined in
accordance with the tutorial, you will need to open the hospital room.sldasm
assembly located in the D2 - Hospital\Ready folder and run the desired projects.

Creating a Flow Simulation Project

Use the Wizard to create a new project.
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Specifying Boundary Conditions

Project name Hospital room

Configuration Use current

Unit system ST (m-kg-s);
Unit for Temperature: Celsius [°C]

Analysis type Physical features
e Fluid Flow
e Gravity
e Y component = 9.81 m/s"2
Geometry handling
e Analysis type: Internal
e Exclude cavities without conditions

Default fluid Gases / Air
Gases / Expired Air (user-defined)

Click New and in the Engineering Database
create a new item named Expired Air by copy-
pasting the pre-defined Air, available under
Materials\Gases\Pre-Defined, to the Materials)
Gases\User Defined folder

Wall conditions Default

Initial conditions Thermodynamic parameters:

e Temperature = 19.5 °C
Concentration:

e Mass fraction of Air = 1

e Mass fraction of Expired air = ()

Procedure

1. After creating the project an error message appears informing you that the fluid volume
recognition has failed. Select No to ignore the closing openings with Create Lids tool.

The problem disappears after disabling the fluidvolume component in the Tools >
Flow Simulation > Component Control dialog box to treat it as a fluid region.

2. Rebuild the project by clicking Tools > Flow Simulation > Project > Rebuild.

Specifying Boundary Conditions

Specify the inlet and outlet boundary conditions.
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Specifying Boundary Conditions

Type Inlet Volume Flow

Name Inlet Volume Flow 1

Faces to the inner face of the Room

apply component (the one above
the hospital equipment
table)

Parameters:

Volume Flow Rate of 4.8 m”3/min

Forced inlet fresh air flow

Type Outlet Volume Flow

Name Outlet Volume Flow 1

Faces to the inner face of the Room

apply component (the one near
the window)

Parameters:

Volume Flow Rate of 2.6 m”3/min

Forced air removal

Type Environment Pressure
Name Environment Pressure 1
Faces to the inner face of the Room
apply component, as shown

Thermodynamic Parameters:
Default values (101325 Pa and 19.5 °C)

Washroom exhaust vent grille
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Specifying Heat Sources

Type Inlet Volume Flow

Name Inlet Volume Flow 2

Faces to a face of the Patient

apply component, representing
the patient’s mouth, as
shown

Parameters:

Volume Flow Rate of 12 Vimin

Substance Concentrations:

Mass fraction of Air is 0

Mass fraction of Expired Air is 1

Contaminated expired air

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 person is involved in. A patient
laying on the bed produces significantly less heat than a caregiver, whose work requires
physical activity and concentration.

Because we do not consider heat conduction in solids in this simulation, we use surface heat
sources with the fixed heat transfer rate.

Procedure

1.
2.

Choose Tools > Flow Simulation > Insert > Surface Source.

In the flyout FeatureManager design tree, select the Patient component.

This component appears in the Faces to Apply the Surface Source Ny list.

Under Parameter specify Heat Transfer Rate g of 81 W.

Click OK «# .

Rename the created heat source to Patient.

In the same way, specify the surface heat source of 144 W at all faces of the Caregiver

component.

Rename the created heat source to Caregiver.
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Specifying Heat Sources

Other sources of heat are not represented by separate components, but by cuts and

extrudes made on the Room component. Use the tables below as a reference to specify
the remaining heat sources:

Type Surface Heat Source

Name Ceiling Lights

Faces to apply | both inner faces of the
Room component
representing the ceiling
lights

Parameters:

Heat Transfer Rate of 120 W

Type Surface Heat Source

Name TV Set

Faces to apply | all inner faces of the
Room component
representing the TV set

Parameters:

Heat Transfer Rate of 50 W

Type Surface Heat Source

Name Hospital Equipment

Faces to apply | all 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

Specifying Calculation Control Options

By default, calculation of comfort parameters is disabled in Flow Simulation to save the CPU
time and memory resources. Besides comfort parameters, Flow Simulation is capable of
calculating Local Mean Age (LMA) and Local Air Change Index (LACI) parameters:

e [MA is the average time for fluid to travel from the selected inlet opening to the point
considering both the velocity and diffusion.

e LACI (Local Air Change Index) is the ratio of the V/Q value, where V' is the
computational domain fluid volume and Q is the volume flow rate of the fluid entering
this volume, to the average time ¢ 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.
Procedure

1. Choose Tools > Flow Simulation > Calculation Control Options.

2. Switch to the Solving tab.

Calculation Control Options

Firishing | Refinement Sobing | Saving |
Parameter | Vg |

=] Additional Parameters
W Calculate Local Mean &ge (LMA) elp
| Calculate Comfort Parameters

Pl

[=] Flow Freezing
Freezing strategy Disabled

Resed... |

3. Select the Calculate Local Mean Age (LMA) and Calculate Comfort Parameters
check boxes.

Note
D Selecting Calculate Local Mean Age (LMA) check box enables calculation of

LMA, Dimensionless LMA and LACI.
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Specifying Goals

4. Click OK.

Specifying Goals

Specify global goals of Av Mean Radiant Temperature, Av Operative Temperature, Av
Velocity and Av Volume Fraction of Expired Air.

EPE Goals
------ EE GG Av Mean Radiant Temperature 1

------ EE GG Ay Operative Temperature 1
R GG Av Velocity 1
- EE GG Ay Yolume Fraction of Expired Air 1

Note
You can use Mean Radiant Temperature and Operative Temperature as the goal

parameters only after you enable calculation of comfort parameters in the Calculation
Control Options dialog.

Adjusting Global Mesh

You can adjust global mesh.

Procedure
1. Double-click the Mesh > Global Mesh icon in the Flow Simulation Analysis tree.

2. Under Type and Settings, you can see the following default values:

Type Automatic
Level of initial mesh 3 (default)

Other options are default

Note
Moreover, 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).
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Setting Local Mesh

3. Click OK «# to save the initial mesh settings and close the dialog box.

Setting Local Mesh

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 local mesh refinement.

Procedure

1. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

2. Inthe flyout FeatureManager design tree, select the Caregiver and Patient components.

3. Under Refining cells, use the slider to set the Level of refining fluid cells A to 2.

4. Under Advanced Refinement, set Small Solid Feature Refinement Level = to 4,
while leaving other options default.

5. Click OK «# to save local mesh settings.

Results
The project settings are defined and the calculation can be started.

During the calculation process you may notice that the Av Volume Fraction of Expired Air
goal converges slower than the other goals specified. Since this is a tutorial example, there may
be not need to wait before the solution fully converges. To save the CPU time, you can stop the
calculation earlier, for example when all the other specified goals converge.

Comfort Parameters

It is a common 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 effectiveness in
contaminated air removing;:

e 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.
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Local Air Quality Index (LAQI) is an index that provides information on the
effectiveness of a ventilation system in removing contaminated air from a local point.

The following several parameters are used to estimate the ventilation system effectiveness with
respect to the thermal 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 actual non-uniform space.

Operative Temperature is 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 Temperature is the 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) is the 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.

Note
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 (PMYV) is an index that predicts the mean value of the votes of a
large group of persons on the 7-point thermal sensation scale, based on the heat balance
of the human body. Thermal balance is obtained when the internal heat production in the
body is equal to the loss of heat to the environment.

cold cool slightly | neutral | slightly | warm hot
cool warm
-3 -2 -1 0 +1 +2 +3

Predicted Percent Dissatisfied (PPD) is an index that provides information on thermal
discomfort or thermal dissatisfaction by predicting the percentage of people likely to
feel too warm or too cool in a given environment.

Obtaining CRE Value

You can see the calculated value of the Contaminant Removal Effectiveness (CRE) in the
calculation results summary.

SOLIDWORKS Flow Simulation, 2025

417



Examples for HYAC Module
Volume Parameters

Procedure

1. Inthe Analysis tree, right-click the Results icon and select Summary.

2. Now scroll down the report to see the CRE of Expired Air value near the bottom of the
Results Summary in the Comfort Parameters section.

= TTIIr ougD m
Zmax 489 m

High kach number flow Mo
Time-dependent Mo

Heat Conduction in Solids Mo

R adiation Mo
Porous Media Mo
Internal  “Yes
Gravity  “Yes

Bazic Mesh Dimenzsions
Prezsure [101292.97 Pa; 101324.92 Pa)
Welocity  [0mdz: 1.193 mds]

Temperature [19.483=C; 243.37 *C]
Densiby  [0068 kafm3; 1.21 kg/m™3]
Reference Pressure 101325,00 Pa
Comfort Parameters;

(_R.E of Air 1.00

(_R.E of Expired Air 1,23

A0DPT 63.5 %

(Zalculation warnings:

Mo warnings

<]

Mx =26, Mp =16, Mz =30

2l

| o

Cloze I

Save Az | Help |

The value of CRE of Expired Air is higher than 1, which means that the ventilation
system is reasonably effective in removing the contaminated air.

Volume Parameters

We can obtain the values of thermal satisfaction parameters with the Volume Parameters
results processing feature. The volume, in which the parameters will be calculated, is
fluidvolume component (that is, the entire fluid region within the computational domain).

Before specifying Volume Parameters, we need to check the values of reference parameters:
metabolic rate, external work, clothing 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 clothing and humidity of the air.

Procedure

1. Choose Tools > Flow Simulation > Results > Default Reference Parameters.
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Volume Parameters

2. Specify Metabolic rate pp of 100 W/m"2. Keep the other values default.

R

Fluid Temperature
T |1 a5°C

£

[T
™

Comfort Parameters
i | |1 00 wéim™2

W IEI Wiim™2

Icl |n.11 K™ 20

@, [55%

CTORCT IR T IR

[ Pressure

&

[ velocity and Density

&

Note

D The clothing thermal resistance of 0.11 K- m%W corresponds to a light working
ensemble: light underwear, cotton work shirt with long sleeves, work trousers, woolen
socks and shoes. The definition of clothing insulation relates to heat transfer from the

whole body and, thus, also includes the uncovered parts of the body, such as head and
hands.

The 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 «# .

4. Use the Volume Parameters feature to see the values of comfort parameters.

a. Inthe Flow Simulation Analysis tree right-click the Volume Parameters icon and
select Insert.

b. In the flyout FeatureManager design tree, select the fluidvolume component.
c. Under Parameters click More Parameters.

The Customize Parameter List dialog appears.
d. Expand the Comfort Parameters item and select the following parameters:

o Mean Radiant Temperature,
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o Operative Temperature,
o PMYV,
o PPD,
o Draft Temperature,
o LAQI of Air,
o LAQI of Expired Air.
e. Click OK to close the Customize Parameter List dialog box.

f. Inthe Volume Parameters dialog make sure that the selected parameters are also
selected as the Parameters to Evaluate under Parameters. Additionally select the
ADPI parameter.

g. Click Export to Excel.

Results
A spreadsheet with the selected parameters values appears.
Parameter Average Bulk Average | Volume [m”3]
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

Parameter | Value
ADPI [%] 63.4301412

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 m from
the floor - 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.
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200
1.0
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1.40
1.20
1.00
080
060
0.40
0.20
1

LAQI of Expired Air []

The isosurfaces of PMYV 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
0.80
0.80
0.70
0.60
0.50
0.40
0.30
0.20
010

P[]
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Pollutant Dispersion in the Street Canyon

Pollutant Dispersion in the Street Canyon

This tutorial demonstrates the capability of Flow Simulation to simulate an urban pollution. It is
shown how to obtain a flow field, and how to define a tracer source to simulate the pollutant
dispersion.

g’:‘ﬂw Some of the features used in this tutorial are available for the HVAC module users only.

Here we consider the street canyon, a road and its flanking buildings. The street is 50 m wide
and is flanked on the North side with 100 m high tower block (31 stories) and on the South side
with 30 m high building (10-11 stories). Orientation of the street is east-west.

The source of pollution comes from the vehicular exhaust. Traffic-related air pollution is a
complex mixture of gases and particles. Here we consider Nitrogen Oxide (NOx) air pollution.
Nitrogen Oxides include NO and NO,, the former being produced in far more abundance by

vehicles than the latter. However, NO rapidly oxidizes to NO, which destroys lung tissue with
the obvious negative implications for asthmatics. The emission of NOx is assumed to be
8.6:10™ kgs.

Traffic pollution in a street canyon is characterized by large vertical variability, which is not
only related to the variation in the traffic amount but is also influenced by the meteorological
conditions.

It is common in engineering practice to describe the wind profile with a power-law in non-
complex terrain up to a height of about 200 m above ground level:

Vih) =V, (h/h,)?

where V(h) is the wind speed at height 4, and V,. is the known wind speed at a reference height
h,.. The power-law exponent p is an empirically derived coefficient that varies dependent upon

the stability of the atmosphere from about 0.1 to about 0.6. The larger the power-law exponent
the larger the vertical gradient in the wind speed.
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The street canyon is shown in the figure below.

Wind direction

-

Openingthe Model. . ......oiiniiiiiiiiiiiiiiiiiineeeeeneensenssnssnssnsns 423
Creating a Flow Simulation Project...........coiiiiiiiiiiiiiiiiiiiiinnenenns 423
Adjusting the Computational Domain Size...............ciiiiiiiiiiiiinennn. 424
Specifying Goals. .. ..ottt it iiiiiitiiitteteesnssnscnssnssnnnns 424
Specifying Global Mesh Settings .........cciiiiiiiiiiiiiiiiiiinenennnnns 425
Setting Local Mesh. ... ..ottt iiiiiiiiiiiiiiiiiiiiiiittntenecnscnscnnnns 425
Adjusting the Calculation Control Options. .........cciiiiiiiiiiiieiiiiennnns 426
Specifying Tracer Study .......coitiiiiiiiiiiiiiiiitiieteeeneenrenrsnssnsnns 426
Getting Results. . ...ooiitiiiiiiiiiiiiiiiiiiiiiiitneteeeeeeescnssnssnsennns 429

Opening the Model

You can open the model.

Procedure
1. Copy the D3 - Street Canyon folder into your working directory.

2. Open the block.sldprt file.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the block.sldprt tile located in the
D3 - Street Canyon\Ready folder and run the project.

Creating a Flow Simulation Project

Use the Wizard to create a new project.
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Adjusting the Computational Domain Size

Project name Street Canyon
Configuration Use current
Unit system SI (m-kg-s)
Analysis type Physical features

o Fluid Flow
e Time-dependent

Geometry handling
e Analysis type: External
Default fluid Gases / Air
Wall conditions Default conditions
Initial and Ambient Velocity Parameters:
Conditions e Velocity in Z direction = 2.6*(y/10)"0.25 n/s

Turbulence Parameters:

o Turbulence energy and dissipation
o Turbulence energy = 0.596 Jkg

e Turbulence dissipation = 0.423"3/
(0.39*y) Wikg

Other conditions are default

Adjusting the Computational Domain Size

Adjust the computational domain size.

X max=65m Y max =150 m Z max =195 m

Xmin=0m Y min =-0.005 m Z min=-164 m

Specify the Symmetry £ condition at X max ¢ and X min g, .

Specifying Goals

Specify global goals of Max Static Pressure and Max Velocity.

EF-' Goals

...... F-' (aia Max Static Pressure 1
R GG Max velocity 1
ﬁ Sia Min Skatic Pressure 1
f— ﬁ 563 Min Skakic Pressure 2

424 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Examples for HYAC Module
Specifying Global Mesh Settings

In addition, specify separate surface goals of Min Static Pressure at the leeward walls of the
buildings.

Specifying Global Mesh Settings

Specify the global mesh settings.

Type Automatic

Level of initial mesh 5

Other options are default

Setting Local Mesh

To better resolve the street canyon and the area around the tower block, we employ the local
mesh refinement.

Procedure

1. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

2. In the graphics area, select the roof and facing faces of the both buildings and the side
face of the tower.

3. Under Refining Cells, use the slider to set the Level of refining fluid cells A to 3.

4. Under Channels, set the Characteristic Number of Cells Across Channel e to 20
and Maximum Channel Refinement Level 'Da to 2.
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5. Click OK «# to save local mesh settings.

Adjusting the Calculation Control Options

You can adjust the calculation control options.

Procedure

1. Choose Tools > Flow Simulation > Calculation Control Options.

2. In the Finishing tab of the Calculation Control Options dialog box, expand the Finish
Conditions item and for Criterion to stop select All satisfied.

3. Also select Goals convergence.

Calculation Control Options

HE|
Finishing | Refinement | Sobing | Saving |
Pacameler [ Coteis | Value ]
=l Finish Condiions C
ancel
Citetion 1o stop A0 satished = 4|
¥ Goal: convergence Al Goals Help |
W Physical tre 1%
[ Merstions
O Travels
[ Calculation tie
= Goals CiReria
Analysis interval [zuto] hd
b GG Max Stalic Presswe1 | [auta] =
¥l GG Max Velocily 1 [suto] =l
¥l SG Min Staic Presswe 1 [auto] -
Wl SG Min Stalic Presswe 2 [aulo] . T
+ Motification
_h_.- Besed

4. Click OK.

Results
All project settings are defined.

Save the model and run the calculation.

Specifying Tracer Study

Tracers allow you to study the flow of a certain admixture (tracer) in the existing carrier fluid
under assumption that the presence of the admixture has a negligible influence on the carrier
fluid flow. Such assumption is justified if the concentration (mass fraction) of the admixture is
relatively low.

426 SOLIDWORKS Flow Simulation, 2025

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Examples for HYAC Module
Specifying Tracer Study

Procedure

1. Choose Tools > Flow Simulation > Insert > Tracer Study.

_ Tracer Study Settings ?

R

Tracers

bl

- Pre-Defined
B Uzer Defined

[ Create/Edit. .. ]

add tracer

2. Inthe Engineering Database, under Tracers, User Defined, create a new item and

change its Name to Tutorial NOx.

3. Change the parameters of the tracer as shown below:

| Property I‘v'hlue |
Name Tuterial NOx
Comments
Meolar mazss 0.02295 kg/mol

Diffusion defined by
Diffusion coefficient
Saturation pressure

Diffusion coefficient LI
015 cm"2i=
O

4. Save the created tracer and exit the Engineering Database.

5. Under Tracers, expand the list of User-Defined tracers and select Tutorial NOx and

click Add tracer [+¥|.
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Specifying Tracer Study

The Tutorial NOx [User Defined] item appears in the list below.

— Tracer Study Settings

R

Tracers

bl

- Pre-Defined
B~ User Defined

B Tutorial MOx

ITutu:uriaI M [User Defined] j

[ Create/Edit. .. ]

|E| add tracer

Tutarial M [User Defined]

(3]

| Physical Features

| Calculation Control

&[] | &

Initial Conditions

6. Click OK +# .

The new Tracer Study 1 item appears in the Analysis tree.
7. Specify the tracer source:

a. Right-click the Tracer Studies > Tracer Study 1 > Sources icon in the Flow
Simulation Analysis tree and select Insert Surface Source.

The Surface Tracer Source dialog appears.

b. In the graphics area select the road surface.
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The selected face appears in the Faces to Apply the Surface Tracer Source Ny list.

_ Surface Tracer Source 2

R

Selection

m Face<l:=

bl

id
}zfvx |I3I|:|I:|al Coordinate Spstem

Reference axis: Ix vI

Tracer “

ITutu:uriaI M [User Defined] j

Parameter “
&z

L [FESi5eDEkass :II E

c. Under Tracer make sure that Tutorial NOx is selected.

d. Under Parameter sclect Mass Flow [ 1| and set its value equal to 8.6515¢-5 kgs.

e. Click OK «# .

The new SS Mass Flow of Tutorial NOx 1 item appears in the Analysis tree.

8. To run the tracer calculation, right-click the Tracer Study 1 icon in the Flow Simulation
Analysis tree and select Run.

Getting Results

To see how the wind flows around the buildings we will display the Flow Trajectories.
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0 1.0 2.0 3.0 4.0 5.0

Yelocity [mis]
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Getting Results

The isosurfaces of the Tracer Mass Fraction (Tutorial NOx) at 6.8- 107 allows us to estimate
areas of high traffic pollution.

Additionally, let us see the distribution of the Tracer Mass Fraction (Tutorial NOXx) in the
symmetry plane and on the leeward face of the tower block.
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1.0e-20 4.3e-08 8.7e-08 1.3e-07

Tracer Mass Fraction Tutorial BOx[]
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e EI1 - Electronic components

Electronic Components . ........covtiuitiitiereereoseosesssssssssssnssnssnses 434
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Electronic Components

Electronic Components

This tutorial 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, PCI and ISA slots for a PC104 expansion board, SODIMM slot with memory installed
and peripheral connectors.

s > Some of the features used in this tutorial are available for the Electronics Cooling module

users only.

Air at room temperature enters the case through the vents located 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 dissipates it into the air. In the considered
model, this heat sink is placed near the exhaust fan.

The objective of the simulation is to ensure that under these conditions, electronic components
operate at moderate temperatures. In the table below, you can see the typical values of
maximum operating temperatures of the electronic components under consideration.
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Electronic component | Maximum operating temperature
CPU 85 °C
Northbridge 80 °C
Southbridge 100 °C
DDR RAM chip 85 °C
Heatsink Exhaust Fan

CPU Heat Pipe
Back Vents

CPU

Side Vents Chipset Heat Pipe

Morthbridge

Southbridge

SODIMM
Memory Module

Perpheral
Connectors
EPIC PC

Mainboard
Bottom Vents
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Opening the Model

You can open the model.

Procedure

l.
2.

AN

Copy the E1 - Electronics folder into your working directory.

Open the epic pc.sldasm assembly.

Note
To skip the project definition and run the Flow Simulation project defined in

accordance with the tutorial, you will need to open the epic pc.sldasm assembly
located in the E1 - Electronics\Ready folder and run the project.

Look at the Default configuration.
This is the original model geometry in accordance with the problem statement.
After studying this model, switch to the Simulation Model configuration.

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 ISA slots, screws and peripheral
connectors. The model geometry of exhaust fan is also excluded from the simulation and
is replaced by an appropriate boundary condition. In the simulation, we consider CPU,
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Northbridge, Southbridge and DDR RAM chips as Two-Resistor simplified thermal
models, each consisting of two parallelepiped components.

CPU HeatPipe  Heatsink g

CPU Qutlet Lid

Chipset Heat Pipe

Northbridge
Two-Resistor
Model

EPIC
PC Mainboard

“Southbridge
Two- Resistor
Model

SODIMM Memory Module

Bottom Inlet Lid

Simulation Model

7. To set the boundary conditions for the inlet and outlet flows, we close the vents by
placing a single lid 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.

8. Inthe Simulation Model configuration you can see that the vents on the back panel are
suppressed. This is 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 there is no air flow through some of them.
Actually, the air flow exits the case through a ring-shaped array of the vent holes (see
the picture), so in the Simulation Model configuration we place a lid to close only
these vent holes without considering other vent holes on the back panel at all. As
resolving 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 External Outlet Fan
boundary condition on the inner surface of the ring-shaped lid. In addition, on the same
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lid we specify the Perforated Plate condition to define the pressure loss due to the
resistance of the vent holes to the flow.

Creating a Flow Simulation Project

Use the Wizard to create a new project.

Project name Electronic components
Configuration Simulation Model configuration
Unit system SI (m-kg-s);

Unit for Temperature: Celsius [°C]

Analysis type Physical features

e Fluid Flow
e Conduction
e Gravity:
e Y component = -9.81 m/s"2
Geometry handling
e Analysis type: Internal
e Exclude cavities without conditions

Default fluid Gases / Air
Default solid Alloys / Steel (Mild)
Wall Conditions Default outer wall thermal condition:
e Heat transfer coefficient = 5.5 Wim"2/K
Initial Conditions Default conditions
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Specifying Boundary Conditions

Specify the boundary conditions for inlet and outlet flows.

Type Environment Pressure
Name Environment

Pressure 1
Faces to apply | the inner face of In Lid1

Thermodynamic Parameters:
Default values (101325 Pa and 20.05 °C)

Type Environment Pressure

Name Environment
Pressure 2

Faces to apply | the inner face of the In

Lid2

Thermodynamic Parameters:
Default values (101325 Pa and 20.05 °C)

Type External Outlet Fan

Name External Outlet Fan 1

Faces to apply | the inner face of the
Outlet Lid

Model:

Pre-Defined\Axial\Papst\Papst 412

Thermodynamic Parameters:
Default values (101325 Pa)

Specifying Perforated Plates

The Perforated 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
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surface of a single lid, which closes multiple openings, and defines the additional resistance of
these openings to 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 require some additional mesh
refinement if resolved directly. In this simulation, we use Perforated Plates to take into
account the resistance of inlet and outlet vents in the computer case to the flow.

Procedure

1. Choose Tools > Flow Simulation > Tools > Engineering Database.

2. Inthe Engineering Database, under Perforated Plates \ User Defined, create two
items with the following parameters:

| Property |alue
M ame Tutarial rectangular holes
Comments
Haole shape Rectangular
Height 0.07 m
"Width 00015 m
Coverage Fitch
- pitch 0.003 m
' - pitch 0015 m
| Property |alue
M arme Tutornial round holes
Comments
Haole shape Round
Diamneter 0.003 m
Coverage Checkerboard Diztance
Distance between centers 0.004 m
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Note
You can specify the Hole shape as Rectangular > Round > Regular Polygon or

Complex. To define the holes arrangement (for non- Complex holes), in the
Coverage you can select either Pitch or Checkerboard distance (for non-Rectangular
holes).

Checkboard
distance

& O

v e
Depending on the selected option, you can specify the size of a single hole and either the
distance between two adjacent holes in two mutually perpendicular directions (X - Pitch
and Y - Pitch) or the Distance between centers. The specified values are used to
calculate Free area ratio, which denotes the ratio of the holes total area to the total 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
this value directly.

3. Save and exit the Engineering Database.

Assign a Perforated Plate

You can assign a perforated plate.

Procedure

1. Inthe Analysis tree, select the Environment Pressure 1 boundary condition.

2. Choose Tools > Flow Simulation > Insert > Perforated Plate.
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3. Under Perforated Plate sclect the created Tutorial rectangular holes.

Perforated Plate L

- Pre-Defined
- User Defined
=- epic pc.zldazm
=8 S_imulatiu:un b odel

(¥ Tutorial rectangular holes

. Tutanial round hales

Tutorial rectangular holes [User Defined"-.epj

Create/Edit... ]

4. Click OK «# .

The new Tutorial rectangular holes 1 item, which corresponds to the side vents of the
case, appears in the Analysis tree.

For the bottom vents, select the Environment Pressure 2 boundary condition, and
repeat the previous steps to insert another Perforated Plate feature.

For the back panel vents, select the External Outlet Fan 1 condition, and repeat the
previous steps to insert another Perforated Plate feature, selecting the Tutorial round
holes item under User Defined.

Note
The Perforated Plate feature is used in Flow Simulation simulation to define

additional parameters for the already specified Environment Pressure or Fan
conditions. It doesn’t make any changes in the model geometry itself. So, when you
delete the boundary condition or fan from your project, the corresponding Perforated
Plate (if specified) becomes useless.

Specifying Two-Resistor Components

The two-resistor model is widely used to estimate the temperature of chips and other small
electronic packages. A small package is considered as a flat solid plate, which is mounted on the
printed circuit board.

The compact model consists of three nodes: Junction, Case and Board. These are connected
together by two thermal resistors which are the user-specified values of the junction-to-board
O p (from the junction to the board on which it is mounted) and junction-to-case O ;. (from the

442
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junction to the top surface of the package) thermal resistances (in K/W in SI). The heat
conduction through the package is calculated using the values of these resistances.

Top Plate (Case, g ¢) High Conductivity
Block (Junction)

Bottom Plate (Board,8,g) PCB

Adiabatic walls

An extensive set of pre-defined two-resistor components is provided in the Engineering
Database. Each item corresponds to a specific package type.

Procedure

1. Choose Tools > Flow Simulation > Insert > Two-Resistor Component.
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2. Select the upper face of CPU Chip component as a Top Face ne

Selection L
Eﬁ Face<1>@cpu chip-1

% Extrudel @cpu chip-1@epic pc

Component L

-~ PBGAFC_14x22mm -
- PBGAFC_1515mm

- PBGAFC_21521mm

- PBGAFC_23:23mm

- PBGAFC_27%27mm —
- PBGAFC_29+29mrm

- PBGAFC_31%3 mm

- PBGAFC_32_5%32_Smm

& PEGAFC_35%35mm

- PBGAFC_37_5x37_Smm

d
| PEGAFC_35:35mm [Pre-Defined] |

[ Create/Edit... ]

Source L
a [z (e

3. Under Component select the PBGAFC_35x35mm_2R item.

4. In the Source, enter the value of Heat Generation Rate q equal to 12 W.

5. Click OK «# .

The new PBGAFC_35x35mm 1 item, which corresponds to CPU, appears in the
Analysis tree.

6. Rename the created item to CPU.

We will use this name for selecting this item to specify Goals.
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7. In the same way specify the Chipset — Northbridge and Chipset — Southbridge items
with the following parameters:

Name Chipset - Northbridge

Top Face The upper face of North Chip (the
corresponding component will be automatically
selected as Components to Apply the Two-
Resistor)

Component PBGAFC 37 5x37 5mm_2R
Heat Generation Rate 43 W

Name Chipset - Southbridge

Top Face The upper face of South Chip (the
corresponding component will be automatically
selected as Components to Apply the Two-
Resistor)

Component LOFP 256 28x28mm_2R
Heat Generation Rate 25W

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 upper faces
(alternatively, you can copy the RAM chip 1 to other component instances by using
Copy to Component Instance tool):

Name RAM chip N

Top Face The upper face of RAM Chip N (the
corresponding component will be automatically
selected as Components to Apply the Two-
Resistor)

Component TSOP C 10 16x22 22 2R
Heat Generation Rate 1w

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 material).
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Procedure

1. Choose Tools > Flow Simulation > Insert > Heat Pipe.

2. Select Heat Pipel as Components to Apply Heat Pipe -

3. Select the face of the Heat Pipel component contacting with the top face of CPU as
Heat In Faces @.
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4. Select the faces of the Heat Pipel contacting with the inner face of heat sink as Heat

Out Faces @
Selection L
% heat pipel-12epic pc
@ B Face<2>@heat pipel-1
@ Face<1>@heat pipel-1
Effective Thermal Resistance L
o [Q3KA =
. =%
5. Type the Effective Thermal Resistance value of 0.3 °C/W. This value models the real
efficiency of heat pipe.
6. Click OK «# .

The new Heat Pipe 1 item, which corresponds to the CPU heat pipe, appears in the
Analysis tree.

7. In the same way specify the other heat pipe using the Heat Pipe2 component with the
same value of Effective Thermal Resistance.

Specifying Thermal Resistances

The Thermal Resistance feature is used for specifying the value of thermal contact resistance
on a face of a solid 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 pipes to CPU and Northbridge and to specify thermal contact resistance
between the surfaces of heat pipes and the surrounding air.

SOLIDWORKS Flow Simulation, 2025 447

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Examples for Electronics Cooling Module
Specifying Thermal Resistances

Procedure

Choose Tools > Flow Simulation > Insert > Thermal Resistance.

Type ~

Resistance [Integral)
Material/thickness

Thermal Resistance L

= Interface Materials A
= Bergquist
- Bond-Ply
- Bond-Ply 660 =3 100 pi
i Bond-Ply BEO & 200 psi
- Bond-Ply BE0 & 25 psi
¢ e BondPly B0 & 50 psi
+- Hi-Flow W
£ >

Bond-Ply 660 @ 10 psi [Pre-DefinediInterfac ~

Select the faces of the Heat Pipel and Heat Pipe2 components contacting with the top
faces of CPU and Northbridge correspondingly. We selected these faces earlier as Heat
In Faces when specifying the heat pipes.

. Under Thermal Resistance, select Bond-Ply 660 @ 10 psi (Pre-Defined\Interface

Materials\Bergquist\Bond-Ply\Bond-Ply 660 @ 10 psi).
Click OK « .

The new Thermal Resistance 1 item appears in the Analysis tree.

. Repeat step 1, then hold down the Ctrl key and click the Heat Pipel and Heat Pipe2

components in the flyout FeatureManager design tree. Flow Simulation selects both
these components.

Faces that are not in contact with fluid must be removed from the Faces to Apply the

Thermal Resistance list.

. Under Selection, select each component in the selection list and click List All

Component Faces |c§:| in turn to list all faces belonging to the both components.

Then click Filter Faces |7F |.
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8. Select Keep outer and fluid-contacting faces [I]|, and click Filter.

Filter Faces L

E! Remove out of domain faces
@ Remove outer faces
@ Remove fluid-contacting faces

@ Keep outer and fluid-contacting faces

[ Filter ]

Note
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 faces to remove. The Filter allows you to remove unnecessary
faces of specified type from the list of selected faces.

9. 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.

10. Click OK «# .

Specifying Printed Circuit Board

The Printed 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 materials 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).

Procedure

1. Choose Tools > Flow Simulation > Tools > Engineering Database.
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2. Inthe Engineering Database, under Printed Circuit Boards \ User Defined, create a
new item with the following parameters:

| Property |alue |
M ame 4z2p PCB
Comments e
Type Laper Definition
Diglectric material denzity 1200 kgdm™3
Diglectric material specific heat 380 J ko)
Diglectric material conductivity 0.3 % ek
Conductar matenial density 8960 kgdm™3
Conductar maternial specific heat 385 )/ ko)
Conductar matenial conductivity 407 W ek
PCE total thickness 0.007 m
Conducting layers [Tahle] |_|

Note
As you specify the parameters, at the bottom of this table you can see the calculated

properties of the equivalent material used in the simulation.

3. Inthe Conducting Layers table, click the o button to switch to the Tables and Curves
tab. Type the following values to specify the structure of conducting layers:

| Layer Thickness | Percentage Cover |
3.3e-005 m 20%
E.6e-005 m 80 %
3.3e-005 m 20%
3.3e-005 m 20%
E.6e-005 m 80 %
3.3e-005 m 20%

Note
As you specify the layers structure, you can see the graphical representation of this

structure at the right.

4. Save and exit the Engineering Database.
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5. Choose Tools > Flow Simulation > Insert > Printed Circuit Board.

Printed Circuit Board L

- Pre-Defined
- User Defined
=- epic pc.zldazm
=8 S_imulatiu:un b odel

452p PCE [User Defined'epic pc.sldasm"-.Siij

Create/Edit... ]

6. Select SODIMM__ PCB in the graphic area.
7. Under Printed Circuit Board select the created 4s2p PCB item.

8. Click OK .

Specifying Solid Materials

For the EPIC PCB component, we specify a non-isotropic material (Pre-Defined\
Non-isotropic\PCB 8-layers) with 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.

Procedure

1. To specify the axis for the EPIC PCB, under Anisotropy, set Axis to Y.

Anisotropy L

. IGI:::I::aI Coordinate System

Axis: IY j

2. For other components, specify the Solid Material as following:

Pre-Defined\Metals\Copper Heatsink
Pre-Defined\IC Packages\Typical PC104 PCI Connector,
Connector PC104 ISA Connector,
SODIMM Con
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3.

To exclude the In Lid1, In Lid2 and Outlet Lid from the heat conduction analysis,
specify them as insulators (Pre-Defined\Glasses and Minerals\Insulator).

Specifying Project Goals

You can specify project goals.

Procedure

l.
2.
3.

10.

11.

In the Analysis tree, select the two-resistor component CPU.
Choose Tools > Flow Simulation > Insert > Volume Goals.
Under Parameter select both Max and Av Temperature (Solid).
Edit the Name Template to: CPU - VG <Parameter>.

bl

Mame Template

IEF'LI -G <Parameter:

x| <t |

Click OK « .

Repeat the same steps separately for each heat source: Chipset - Northbridge,
Chipset - Southbridge, RAM Chip 1, 2, 3, 4 (select all these four RAM chips at once)
and the Heatsink.

Edit the Name Template in a similar way.

When finished, in the Analysis tree select all specified boundary conditions
(Environment Pressure 1, Environment Pressure 2 and External Outlet Fan 1),
holding down the Ctrl key.

Selection

bl

() |Face<t>@Irlet Lid 2-1
Face <z =@Inlet Lid-1
Face=3=@outlet Lid-1

|7

W Create goal for each surface

Choose Tools > Flow Simulation > Insert > Surface Goals.

Select the Create goal for each surface option to create a separate goal for each of the
selected surfaces.

In the Parameter, select Mass Flow Rate.
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12. Click OK «# .

Adjusting the Global Mesh

You can adjust the global mesh.

Procedure

1. To adjust the initial mesh settings, double-click the Mesh > Global Mesh icon in the
Flow Simulation Analysis tree.

2. First, you can see the following default settings:

Type Automatic

Level of initial mesh 3

Other options are default

3. Then under Type, click the Manual .
4. Under Basic Mesh, click Control Planes.
The Control Planes pane appears at the bottom of the screen.
5. On the toolbar, switch to the Planes = mode.
6. Then click Coordinate Y ﬂ and then click Add Plane M

7. A new Y1 plane will be placed in the middle of the [Y min;Y max] control interval.
Select Y1 plane and enter 0 m value in the Position cell.

8. Click the Ratio cell of the Y min interval and enter the value of 2.

9. In the same manner enter the Ratio value of -2 for the Y1 interval.

EPamer| b k| k| ¢ @ e X| 0| O v @@ X
Positioe Type  Number Size Ratio Positior Fype  Mumbe Size Ratio Positio ype  Mumber Size Ratio
Kmin 00051 faut[> B i 00200 [owt~ 2 Imin 01T [
¥ max 0170w ¥l Om  [out Zenax 00030
Ymax QU030

10. Click OK g#| to close the Control Planes pane.

11. Under Basic Mesh, specify the Number of cells per X, Y and Z of 40, 15, 30
respectively.
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12. Under Advanced Refinement, sct Small Solid Feature Refinement Level 7 to 1,
while leaving other options default.

13. Click OK «# to save global mesh settings.

Specifying Local Mesh Settings

It is also convenient to specify the Local Mesh to obtain more accurate solution in the regions
of interest.

Procedure

1. In the Analysis tree, select the Heatsink component.

2. Right-click the Mesh icon in the Flow Simulation Analysis tree and select Insert Local
Mesh.

3. Under Channels, set Characteristic Number of Cells Across Channel =y to 4 and
Maximum Channels Refinement Level 'Da to 2.

Results
The project settings are complete.

Save the model and run the calculation.

Results

You can display the results.

Goal Name Unit  |Value Averaged Value |Minimum Value |Maximum Value
SG Mass Flow Rate Inlet Lid [kg's]| 0.000874331 0.000872428 0.000866164 0.000875732
S5G Mass Flow Rate Qutlet Lid [kg's] | 0002117667 0,00211709 -0.002117T66T -0.00211638%
SG Mass Flow Rate Inlet Lid 2 [ka's]| 0.001243313 0.00124465 0001240256 0.001250352
CPU - VG Av Temperature (Sclid) ['C] T8, 11027219 T8 09781048 7805672621 7811706281
CPU - VG Max Temnperature (Solid) ['C] 79, 11610781 79, 10387809 7906256935 79,12328617
Chipset - Northbridge - VG Av Temperature (Solid) | ['C] 5542071381 5540562741 55,3841179 55,42256088

Chipset - Northbridge - VG Max Temperature (Salid) | [C] 55, 70526618 55.69034608 55,66B90553 5570711814
Chipset — Southbridge - VG Av Temperature {Solid) | [°C] B6. 46932621 B6. 47201044 B6.36744543 86.60810332
Chipset - Southbridge - VG Max Temperature (Selid) | [7C] 88.2380636 882376433 8814342347 88.36032906

RaM Chips WG Av Temperature (Solid) 1 [FC] | 63.75306739 63. 70852983 6.3.65611637 63 75792045
RAM Chips VG Max Temperature (Solid) 1 ['C] | &7 48810778 67 44384108 GT_3ET059T4 67 4944499
Heatsink VG Av Temgparature {Solid) 1 ['C] | 4661653256 46 60195552 46 5BTB3758 4661751183
Heatsink VG Max Temperature (Solid) 1 [*C] AT, 01342172 46, 99872618 46, 9B4TET39 4701442693

In accordance with the obtained results, we can say that electronic components operate at
moderate temperatures, and there is no need to introduce any additional design features in order
to improve the efficiency of heat exchange inside the considered case.
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4500 5500 6500 7500 85.00

Temperature (Solid) [*C]
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Chapter 7
Parametric Study Examples

The Parametric Study Examples presented below demonstrate how to solve engineering
problems with Flow Simulation based on a set of different design variants to take into account.
The Parametric Study functionality provides easy control to solve design variations in respect to
geometry and/or boundary condition changes of the current project based on some of the most
common tasks as examples.

e FI - Design Optimization

Design Optimization .........couitiniiiiiiiiieiieiiieienenenecasocnesssasnens 458
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Design Optimization

The goal of this tutorial example is to demonstrate various capabilities of Flow Simulation
allowing you setup a parametric study based on the current analysis project. The parametric
study functionality within Flow Simulation has several different modes, allowing you to vary
geometry and analysis parameter to investigate and optimize your design.

This tutorial teaches how to do this and how to select a suitable mode from the list below.

Parametric Study Application
Mode
What If Analysis Variation of multiple geometry or analysis

parameters with a predefined set of values. By
default a matrix with all possible parameter
combinations will be solved.

Goal Optimization Variation of one parameter to achieve one
specified objective.

Design of Experiments | Variation of multiple geometry and analysis

and Optimization parameters within a given range of values to
investigate the influence of individual
parameters. Multiple objectives could be defined
for detecting the best design setup.

The considered Parallel Heat Exchanger example aims to:

e Provide guidance to setup a Design of Experiment and Optimization analysis to
investigate the behavior of the design by solving different combinations of defined
parameters.

e Identify the optimal design setting to achieve a uniform flow distribution in a parallel
arranged process setup.

The parallel heat exchanger configuration of an industrial process is shown in the picture below.

The settings of the regulator valves need to be determined to achieve an equal air flow
distribution into each of the three ducts of the parallel arranged heat exchangers.

458 SOLIDWORKS Flow Simulation, 2025



Parametric Study Examples
Design Optimization

In addition the overall pressure drop should be as low as possible for the detected control valves
positions to enhance the efficiency of the process.

Heat Exchangers y

Qutlet
Openingthe Model. . .......oiuiiiiiiiiiiiii ittt iiiiitieneneencnenenns 460
Creating a Flow Simulation Project.............coiiiiiiiiiiiiiiiiinienrennns 460
Specifying Boundary Conditions ...........coiiitiiiiiiiineenrenennrnnnnns 460
Specifying Goals. .. ..ottt reesessnssessnssnssnsons 463
Global Mesh Settings. . ....oovvtiiiiiiiiiiiiiereeseeseessssnsonssnssnssnses 465
Running the Calculation ........ ..ottt iiirieieneenesnsonsonsns 465
Viewing Cut Plots. . . ... ooiitiiiiiiiiiiiiiiiiiiiiteeteesessessnssnssnssnsns 466
Specifying a Parametric Study ........coiiiiiiiiiiiiiiiiiiienrenrnnrnnnnns 468
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SOLIDWORKS Flow Simulation, 2025 459

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Parametric Study Examples
Opening the Model

Opening the Model

You can open the model.

Procedure

1. Copy the FI - DoE folder into your working directory and ensure that the files are not
read-only since Flow Simulation will save input data to these files.

2. Open the assembly.sldasm assembly.

Note
To skip the project definition and run the Flow Simulation project defined in
accordance with the tutorial, you will need to open the assembly.sldasm assembly

located in the '/ - DoE\Ready folder and run the desired projects.

Creating a Flow Simulation Project

Use the Wizard to create a new project.

Project name Distribution
Configuration Use current
Unit system SI (m-kg-s);
Unit for Angle: Degree[°] under Geometrical
Characteristic
Analysis type Physical features
o Fluid Flow
Geometry handling
e [nternal
e Exclude cavities without conditions
Fluids substances Gases / Air
Wall Conditions Adiabatic wall, default smooth walls
Initial Conditions default

Specifying Boundary Conditions

At first, let us specify all the necessary boundary conditions and goals because they influence
the automatic global mesh settings through the automatic minimum gap size, which depends on
the characteristic size of the faces on which the boundary conditions are set.
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The first two boundary conditions are imposed on the inlet and outlet of the heat exchanger
system.

Inlet Boundary Condition

Type Inlet Mass Flow
Name Default name
Apply to Select the whole Inlet part in the flyout

FeatureManager design tree or the inner surface
of the part in the model view.

Flow Parameters
Mass Flow Rate: 60 kg’

Default values for remaining settings.

Inlet 60 ka's

Outlet Boundary Condition

Type Environment Pressure
Name Default name
Apply to Select the whole Outlet part in the flyout

FeatureManager design tree or the inner surface
of the part in the model view.
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Outlet Boundary Condition

Thermodynamic Parameters
Defaul values (101325 Pa, 293.2 K)

101325 Pa

The porous media used as substitution for the heat exchanger geometry is created in the
Engineering Database under the User-Defined folder with the following data and applied to the
three Exchanger parts.

Porous Media
Name Heat Exchanger Substitution
Porosity 0.8
Permeability type Isotropic
Resistance calculation Pressure Drop, Flowrate, Dimensions
formula
Pressure drop vs. Pressure drop vs. flowrate - table
flowrate Volume flow rate Pressure difference
0.1 m"*34 1Pa
25 m"34 100 Pa
kems I ttem Properties  Tables and Curves |
Heat BExchanger Substitution
Property:
Pressure drop vs. flowrate j
“olume flow rate Pressure difference |
0.1 m3s i1Pa
25 m"3/s 100 Pa
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Porous Media

Length

4 m

Area

16 m"2

‘kems 'tem Properties | Tables and Curves I

Property I‘-.-"alue |
Name Heat Exchanger Substitution

Comments _I
Porosity 0.8

Permeability type lzotropic LI
Resistance calculation formula Pressure Drop, Flowrate, Dimensions LI
Pressure drop vs. flowrate “Volume Flow Rate _I
Length 4m

Area 16 m*2

Use turbulent scale [

lse calibration viscosity |:|

lze calibration density |:|

Heat conductivity of porous matrix | []

Specifying Goals

To evaluate the distribution and overall pressure drop while varying the regulator valves the

following Goals should be defined.

Goal Type

Surface Goal

Goal Value

Mass Flow Rate

Use for convergence control (default)

SOLIDWORKS Flow Simulation, 2025

463

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Parametric Study Examples
Specifying Goals

Apply to Select the Exchanger surface facing the
incoming flow.

Next right-click the just created

SG Mass Flow Rate 1 under Goals in the Flow
Simulation Analysis tree, select Copy to
Component Instance... and confirm copying the
selected feature to the preselected Target
Components.

Surface Goal
on Exchanger

Goal Type Surface Goal
Goal Value Static Pressure;
Average

Use for convergence control (default)

Apply to Select the Inlet part.
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Goal Type Equation Goal
Goal Name dP
Pressure loss between inlet and outlet
Goal Value Select the just created Pressure Surface Goal
SG Av Static Pressure 1 and select minus [-].
Next select the outlet boundary condition
Environment Pressure 1 from the Flow
Simulation Analysis tree and pick
Environment Pressure from the
Add Parameter dialog.
om0 | | dP | IF‘ressurE & stress
E spreszion
{SG Av Static Pressure 13-Environment Prezsure 1:Ervironment pressure: 1,01 2e+05}

Global Mesh Settings

Specify the global mesh settings.
Note

Flow Simulation calculates 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.

Type Manual

Channels Refinement
Level

Channels, Maximum Adjust the slider setting to level 5

the detected geometry references.

Other options are default based on the default (3) Level of initial mesh and

When varying the position of the regulator valves the mesh should now resolve the remaining
flow opening sufficient by aiming for 5 cells across the opening and 5 allowed levels of
refinement. As this is the only orifice in our model there is no need to use a local mesh in

addition to these global mesh settings.

Running the Calculation

You can run the calculation.
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Procedure

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

Confirm the project and mesh settings are fine with respect to analysis resources and
desired accuracy for the project.

Adjust the Solver Monitor layout as desired including previews as this will be used in
the Parametric Study to be started later.

Note
The main focus of this tutorial is to provide a good overview on the implemented

functionality and a short overall run time even a whole set of different designs need
to be solved. Please keep this in mind when transferring this workflow on your own
projects.

Viewing Cut Plots
You can view cut plots.
Procedure

1. Click Cut Plot on the Flow Simulation Results Insert Group toolbar or on the
Tools > Flow Simulation > Results > Insert tab of the CommandManager.
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The Cut Plot dialog box appears.

Selection L

™ XY Plane
{* ¥Z Plane
™ YZ Plane

Fi |om

Ll

Display L

Contours
Isolines
Vectors

% | Streamlines

Mesh

Contours L

:. IF‘ressure j

F# 50 E
' 3

3D profile

Options hd

Crop Region hd

2. In the Cut Plot dialog under Selection, select XYZ Planes, XZ Plane.
3. Under Display, select displaying Contours |§|
4. Under Contours specify the parameter which values to show at the contour plot. In the
Parameter m box, select Pressure.
5. Using the slider set the Number of Levels to 50.
6. Click OK «# .
Results

Additional post-processing features can be added to support better visual examination of the
later on solved experiments of the parametric study.

SOLIDWORKS Flow Simulation, 2025 467

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Parametric Study Examples
Specifying a Parametric Study

Specifying a Parametric Study

You can specify a parametric study.

Procedure

1. Right-click Distribution in the Flow Simulation Projects tree or open Tools >
Flow Simulation > Solver > New Parametric Study.

[EZ Projects
E| u=® Default

%l Distribution

r=Run...

1 MNew Parametric Study...

i lrme

2. Select Design of Experiments and Optimization from the drop-down list of the
Parametric Study dialog.

‘ B WhatIFAﬂaIysiskU = = | b ’

|@ Input Variables| |, Output Parameters

3. On the Input Variables tab select Add Dimension Parameter as type of parameter
required to vary.

.+, Design of Experiments and Optimization =
(£} input Variables| L Outout Parameters
nEooxE

Add Design Table
Parameter

Add Dimension
Parameter

Add Equation

Add Simulation
Parameter
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Note
D Available variable types:

e Add Simulation Parameter to select parameters from analysis settings e.g.
Boundary Conditions, Sources, Material or Mesh definitions.

e Add Equation to select Equation parameters defined in the current geometry model.

e Add Dimension Parameter to select geometry parameters direct from the model
view or feature tree.

e Add Design Table Parameter to select geometry parameters from a defined Design
Table of the current geometry model.

4. Next select the Mates Anglel, Angle2 and Angle3 from the FeatureManager design tree
and confirm the selection by clicking OK «# .

D1@Angle 2&ParallelHeat Exchanger A
D1@Angle IEParalelHeat Exchanger A

ﬁx

5. Define the variation range for the angle input variable of each regulator valve to:

DiEAngle 1 EParallelHeat F:xchungcr.%

e 0° Minimum and
e  60° Maximum
by selecting Edit Variation from the toolbar or from the short-cut menu of the

specific parameter.

.7, Design of Experiments and Optimization = | |5

X o o X| B

Parameter ]L’.
D1@Angle | @ParalelHaat Bochanger fssembly 3

M1l Arnks WE P aralal bt Frehannse Soosmibe 4

6. On the Output Parameters tab select Add Goal and activate:
o SG Mass Flow Rate 1,
o SG Mass Flow Rate 2,
e SG Mass Flow Rate 3 and
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o dP.
.+ Design of Experiments and Optimization =
Al 7
M té Output Parametes 3G Mass Flow Rate 1 d
@ 55 Mass Fow Rate 2 ra
X =
# & SG Mass Fow Rate 3 Ls
5G Av Static Pressure 1 L
=] :I fon above [0 300 3 §oal Or ESUEE fes ,dF' U'
Add Results
| X
Add Goal

7. Next select Add Results and add All.
Goal Plot 1 will be placed as first additional tab.

All selected result plots, in this case Cut Plot 1, will be added right of this as individual
tabs for later display of result images per variant.

8. On the Scenario tab select Create on the Create Experiments dialog to generate
experiments distributed over the whole design space. This ensures a good representation
of each design parameter.

Keep the default Number of experiments: 15

Mumber of expaiments: |15 3:

,:, Create
<) Find Ciptimum

Note
A Latin hypercube method is used for the distribution of the experiments across the
defined design space. The default number of experiments is automatically set to 5x

the amount of input variables, which should match for most applications. In case the

responses of the output parameters have high gradients or multiple turning points it may
be necessary to solve more experiments. When creating additional experiments the
already existing experiments are taken into account to fill the remaining space.

In theory the input variable values of the individual experiments can be adjusted
manually but this is not recommended.
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9. Depending on the amount of available solver licenses the Maximum Simultaneous
runs and computational resources by opening Add Computer could be adjusted.

*. Design of Experiments and Optimization = v B @ X

Mzdmum simulaneous uns: |2 7

.| Design of Experiments and Optimization - = | ke |Design of Experiments an

@- Input Variables | If_‘ﬁOLrtert Parameters | 225 Scenario E-ﬁ Guals| & Cut Plot 1 |
= Run W —-":I,.|4- = X|D|Eﬂ'@

ISummar'_.r | Ewpeimert1 | Beperiment2 |
[@Angle 1@ParallelHeat Bxchanger. Assembly [7] 30 H 2857143
D@ Angle2@ParallelHeat Bxchanger. Assembly [7] 30 38.5714286
D@ Angle 3@ParallelHeat Bxchanger. Assembly [7] 30 &0
5G Mass Fow Rate 1 [kg.s] s s
5G Mass Fow Rate 2 [kg.s] ! !
5G Mass Fow Rate 3 [ko/s] ! !
dP [Pa] 7 7
Status Mot calculated Mot calculated
Run at [autu:u] [auta]

| PPN | ) |

Number of cores N :
Recalculate
) Eelet& Experiment

Take previous results
Save full results Copy
Close Monitor

By default all selected computers with all CPU-cores will be used. If necessary this
setting could be adjusted direct in the specific field and distributed to all unsolved
experiments by right-clicking the entry and selecting Apply "8" to all.

Tip
o Some information about utilizing available computational resources.

e In case a computer selected as computational resource provides enough CPU-cores
for running more than one solver in reference to the defined CPU-cores on the
Scenario tab per experiment these will be utilized until the Maximum simultaneous
runs definition is reached.

e (e.g. If the Maximum simultaneous runs is set to 2 and one computer with 56 CPU-
cores should be used for solving and each Experiment is set to run on 32 CPU-cores
only one Experiment will be solved as there is no additional set of 32 CPU-cores for
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another Experiment to be solved in parallel. The remaining 24 CPU-cores of the 56
CPU-cores available in total will be not used.)

e (e.g. In case each Experiment is set to run on 24 CPU-cores 2 Experiments will be
solved in parallel in reference to the Maximum simultaneous runs setting utilizing 48
CPU-cores from the 56 CPU-cores available.)

e In contrast a Maximum simultaneous runs setting is neglected if only one
computational resource is available and Number of cores is set to [use all] for each
Experiment. In this case all Experiments are solved in sequence as there is no
additional computational resource available to solve another Experiment
simultaneously.

o Flow Simulation detects the amount of solver licenses and the CPU-cores of each
defined computational resource automatically and distributes individual analysis
tasks in reference to these conditions and the defined Maximum simultaneous runs
setting automatically.

10. Next select Run from the Scenario tab to start the analysis of the Parametric Study.

.+, Design of Experiments and Optimization =

) m oy Output Pacameters
b | - - X

I Susmemans 8

472 SOLIDWORKS Flow Simulation, 2025



Parametric Study Examples
Specifying a Parametric Study

11. After all experiments are solved, View All Response Surfaces can be selected to

investigate the design variants.

. * . Design of Experiments and Optimization =

5 || e [Deson of Experiments and O
B Input Variables I iy Output Parameters |S¢mulu h‘new-':lﬁemnsﬁurhces]
Pra B8 [ e > X | 0O|®-®@

Ca rewrramans

| Femsdmert 1 | Fenadmant 2 | Fersdmaes 1

AL £

FIRG M Flow Badtn 3 [+ - 2.27% [=[o] =]

i Mass Now Rate 3

E2dP [41- 1P

n.r4

)

#7150 Mana Flow Rabe 2 [ 4]~ Li%)

G Mans Flow Rate 3

Note

The display of each response surface can be manipulated by rotation and selection of
the display parameter for the x- and y-axis.

Adjusting the slider position for the 3" d input variable (Angle3) will update all response
surfaces.

The cross-validation root mean squared error for each parameter is provided in the title
of each response surface window for error estimation.
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These values are also added as first column RSM Errors [%] to the Scenario table.

= ﬁ | b | Design ¢
@- Input Variables | If_‘i: Output Parameters Scenario Eﬁ Goals
B run W HH | - = X | [ | = - e

I Scmmary | RSM Erors [%], | Expen
D@Angle1@ParallelHeat Exchanger. Assembly [7]
D@Angle2@ParallelHeat Exchanger. Assembly [7]
D@Angle 3@ParallelHeat Exchanger. Assembhy [7] E

i :, Design of Experiments and Optimization -

LIPS I e ]

5G Mass Flow Rate 1 [ka/s] 1.50 202
5G Mass Flow Rate 2 [ka/s] 361 17.50
5G Mass Flow Rate 3 [ka/s] 221 2179
dP [Pa] 328 2835
Status Firi:

12. Now select Find Optimum on the Create Experiments dialog of the Scenario tab.

Mumber of expaiments: |'|5 3:
,:‘ Create

The default setting in the Objective Function dialog is set to minimize all defined
Output Parameters.

Weight Objective Constraints
~ S\
= Objective Function Minimize | P&

S5G Mass Mow Nate 1 weight T 1.000000
53 Mass Fow Rate 2 weight | 1.000000
53 Mass Fow Rate 3 weight | 1.000000

dF weight | 1.000000
= BEquation
Minimize "SG Mass Flow Rate...

Add Oplimal Design Puinl

|

/ v

Info about objective and resulting equation
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Tip
o The following options are supported to find the desired optimum.

e Objective Function: Minimize, Maximize or define a Target value

e Weight: Define a weighting value for each parameter. Please notice that the
absolute value of each numeric product as shown in the Equation section is taken
into account. So in case the parameter values of the selected Output Parameters
differ by orders of magnitude the Weight could be also used to balance this if
required. By defining a weighting value of zero a specific Output Parameter could be
also neglected for detecting the optimal design point. By defining a negative
weighting value the main objective function is inversed for the specific parameter.

e Constraints: Constraints can be used to restrict individual or a combination of
Output Parameters to be Greater or Less than a defined value. There is no limitation
in the number of defined Constraints. Please notice that there is no check if defined
Constraints are creating an empty value set!

e Equation: The section is used for information about the objective function, the used
equation for the weighted sum approach and optionally defined constraints utilizing
a Response Surface optimization method to find the desired optimum.

13. On the Objective Function dialog:

a. Change the default Objective Function from Minimize to Target as main objective;

b. Define 20 (1/3 of the Inlet Mass Flow Rate) as target value for

SG Mass Flow Rate 1, SG Mass Flow Rate 2 and SG Mass Flow Rate 3; Adjust
the weight of dP to 0.1

=1 Objective Function Target =1 L
1.000000
S M Pl Pt | [T | 1060
farget 20 b
SG Mass Fow bz [ | 100000
larget 20
5G Mass Fow Fate 3 | "7t | 1.000000
larget 20
_
target | 0.00000
= Exquation
Mirimize ['SG Mass Fow Rate 1 - 200 + ['SG Mass Fow Rate 2° - 20( + ['SG Mass Row Rate 3" - 200+ 0.17dP - )
Add Oiptimal Design Pioint |
W

14. Next click Add Optimal Design Point.
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Based on the current data and settings the optimum is added in the first column of the
scenario table. The Input Variable values are defined and an estimation about the Output
Parameter values is shown in a light gray, italic font.

.| Design of Experiments and Optimization - = Q | kg |Design«
@- Input Variables | If_‘ij Output Parameters Scenario F-' Goals
Brn B3| - = X | DO H-@
ISummar'_.r | Optimurm 1 | Expe
D1@Angle 1@ParallelHeat Exchanger. Assembhy [7] X2 35972412
D@Angle2@ParallelHeat Exchanger. Assembly [7] 5 7353500906
D@Angle 3@ParallelHeat Exchanger. Assembly [7]
5 Mass Fow Rate 1 [kg/s] 20.
5 Mass Fow Rate 2 [ko.s] 17x
5 Mass Fow Rate 3 [ko/s] 213
dP [Pa] 283
Status Fir

By looking at the preview one can see that the Mass Flow Rate values are close to the
desired value. In addition one of the regulator valves (the valve in the center duct) is
fully open to allow in addition a minimal pressure drop for such configuration.

Note

D By adjusting the Objective Function settings and again clicking
Add Optimal Design Point multiple different optima can be defined/previewed.

As there is no strong, exact turning point to achieve a uniform mass flow distribution
through all three ducts there are several combinations of angle settings of the control

valves possible to match the given objective.

15. Click Run to start the calculation of the Optimum 1.
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The calculated values may differ from the estimation depending on the RSM error of the
response surface.

i :, Design of Experiments and Optimization -

= Q | b | Design ¢
@- Input Variables | If_‘b Output Parameters Scenario Eﬁ Goals
B run W HH | - = X | [ | = - e

ISummar_l,r | Optimurm 1 | Expe
D1@Angle 1@ParallelHeat Exchanger. Assembly [7] 223572412
D1@Angle2@ParallelHeat Exchanger. Assembly [7] 5.78535009-06
D1@Angle 3@ParallelHeat BExchanger. Assembly [7] 31.8061139

5G Mass Flow Rate 1 [ka/s] 20.3756667 i
5G Mass Flow Rate 2 [lka/s] 19.650279 17x
5G Mass Flow Rate 3 [ka/s] 19.9713353 215
dP [Pa] 272 428401 283
Status Finighed Fir
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Goals Tab

You can view result values and charts on the Parametric Study dialog.

The Goals tab provides a wide set of functions to compare and analyze the different design
variants.

Objects

Results values of all design variants can be visualized in Table or Chart display, highlighting
Min. / Max. values and displaying Delta values with respect to a selected reference design.

i :, Design of Experiments and Optimization -

= | kg |DESEIH of Experiments an
Scenario PE Eﬂds@l
L T | @ Fﬂ? | ) L'j}

IGnaI / fﬁptimum \ Experment 2 | Experi
Dl@Angle 1@Parallel BExchanger.Assembly [*] a0 34 28¢

@- Input Variables | If_‘i: Output Parameters

= Summary ~ | 7| Table -
F

D1 @Angle2@Paralleffeat Exchanger Assembly [  § 5.78535005% a0 3857
D1@Angle 3@ParghelHeat Exchanger Assembly [] J 31.8061135 &0
53 Mass Flow Réte 1 [kos] 203543 24 37
5G Mass Flow/Rate 2 kg/s] 19.6325 214%
5G Mass Fidw Rate 3 kg/s] 19.9650 1419
dP [Pa] 27277 361 5(

Table or Highlight overall Delta in respect to

Chart display Min./Max values selected reference

design
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Results Tab

You can view and compare result images in named tabs on the Parametric Study dialog.

The results tab Cut Plot 1 provides a parallel image display of all design variants using the
selected Post-Processing feature. The tab with a respective name is created for each selected
post processing feature under Output Parameters.

Objects

wnf = g I_;;Q|Hlnum¢f e

(B} ot Varables | I Outpns Porameters | 7] Sconaro |3 Goals |3t Cut Plat 1)

o ages - (B | | B | b B

1]

Optimum 1

DlEdrgke] P xaleH el oharge Astembly =
22T

D1WE@§NH¢HH&EEW.&;M ]
|

‘ . L

01 (Bdungle 1 (2P s aleiH e siE vehangar Asrermbly = 30
[ (Bdunghe 2 (25 s abelH e siE wehanger Aspembly = 30
D' @éngle HEF aralledH e alE vchanger Azsemble = 3]

D1 @ngiel @ParsbsbeaExchange ssemibhy
O] gl el estf A .
E@Pﬂ'ﬂ 5?1Wm_helw ssembly

Create Project From Optimum

If desired a new project can be generated from a created Experiment or Optimum of a

Parametric Study to further Post-Processing or design, taking into account the modified
geometry.

Procedure

1. Open the Scenario tab again.
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2. Right-click the desired design variant from the scenario table to choose Create Project.

|+, Design of Experiments and Optimization + | |5 | | ke |Desigr1 of Experiments an

@ Input Variables | If_‘i: Output Parameters Scenario Eﬁ Goals | Q Cut Plot 1 |

[ Run .—h',.|4-"X|D|EJ'@

ISummar'_.r Optimurm 1 | Experiment 2 | Expe
D@Angle1@ParallelHeat Exchanger. Assembly [7] i 30 M2
D@Angle2@ParallelHeat Exchanger. Assembly [7] 30 5
D1@~Angle3@ParallelHeat Exchanger. Assembly [7] m"—le P
5G Mass Flow Rate 1 [ka/s] 2
5G Mass Flow Rate 2 [ka/s] 1

Create Project % 1 '4‘
Copy

5G Mass Flow Rate 3 [ka/s] Paste 1
dP [Pa] 1.
Status i Fin
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