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Lesson 1: Basic Functionality of COSMOSWorks

Upon successful completion of this lesson, you will be able to understand the basic
functionality of COSMOSWorks and perform static analysis to the following assembly.
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Lesson 1: Basic Functionality of COSMOSWorks

Active Learning Exercise — Performing Static Analysis

Use COSMOSWorks to perform static analysis on the
Spider.SLDASM assembly shown to the right.

The step-by-step instructions are given below.

Opening the Spider.SLDASM Document

1 Click Open [£] on the = T 21
Laok in: Examples ¥| &= £ B3+
Standard toolbar. The
Open dialog box
appears.
2 Navigate to the
Examples fOldeI‘ in the File name: :spmarSLDASM . Elcpen ‘|v
Files of type: | Assembly [* asm;= sidasm] B ancel i~ Configurations
COSMOSWOI'kS, Descriplion:  <More> Dgef il
installation directory. e e A T
ightweight
3 Select
A

Spider.SLDASM.
4 Click Open.
The spider.SLDASM assembly opens.

The spider assembly has three components: the shaft, hub, and spider leg. The
following exploded view of the assembly shows these components.

Spider Leg

Shaft
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Lesson 1: Basic Functionality of COSMOSWorks

Checking the COSMOSWorks Menu

If COSMOSWOTI(S iS pI'OpCI'ly @ File Edit Wiew Insert Tools Phototworks  'Window  Help
installed, the COSMOSWorks

menu appears on the SolidWorks’
menu bar. If not:

1 Click Tools, Add-Ins.
The Add-Ins dialog box appears.

2 Check COSMOSWorks. If COSMOSWorks is not in the list, you need to install
COSMOSWorks.

3 Click OK.

The COSMOSWorks menu appears on the SolidWorks” menu bar. Also, the
COSMOSWorks Manager tab # | appears at the top of the left pane.

COSMOSWorks menu

Saving the Assembly to a Temporary Directory

We recommend that you save the

X 1 Edit Referenced File Locations il ﬂﬂ
assembly tO a temporary dlreCtOry Mew falder for checked items [or double-click a single file to browse for a replacement):
to save the original copy for | Bowse.| ] I
Select Al
repeated use. Mew pathname |_Current pathname Desalect 4 |
. «" C:\Program Files\COSMOS Applications\E xampleshspider SLOPRT  C:\Program Files\COSMOS Ap
1 Create a temporary dlrectory " C:\Program Files\COSMOS Applications\E xamples'shaft. SLOPRT  C:\Program FileshCOSMOS Ap Replace |
. " C:\Program Files\COSMOS Applications\Examplesihub SLOPRT  C:\Program Files\COSMOS Ap Cancel |
named temp in the Examples
Hel

folder. e |
2 Click File, Save As.

The Save As dialog box

appears.

3 Click References.
The Edit Referenced File ; | -
Locations dialog box appears.

4 Check the three part files named spider.SLDPRT, shaft . SLDPRT, and
hub.SLDPRT.

5 Click Browse. The Browse for Folder dialog box
appears.

Browse For Folder

B coamas applications |
[ty

{3 bin

-] brmi

- (0 caprks

-] data

{1 Dacs

{:‘ ExampleProblems
=R Examples

ek =l
Folder: | temp
6 Navigate to the temp directory created in step 1 and [ ok | concel | wowroer |
click OK. The full path to the new location of the
assembly and the associated part files appears at the top
ofthe Edit Referenced File Locations dialog box as shown in the next
figure.
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Lesson 1: Basic Functionality of COSMOSWorks

+ Edit Referenced File Locations 2
Mew falder for checked items [or double-click a single file to browse for a replacement]:
[1]9
C:\Program Files\CO 505 Applications\Examples\temp Browse... | _
Selet ol |
New pathname | Current pathname: Dieselect Al |
«+ C:\Program Files\CO5MOS Applications\E xamplesitempispider SLOPRT  C:\Program Filesh\CO5k
+ C:\Program FileshCOSMOS Applications®Exampleshtempiehaft. SLDPRT - C:\Program FileshCOSk Replace. . |
« C:\Program Files\COSMOS Applications\E xamplesitemp'hub. SLDPRT C:\Program Files\COSk Cared] |
Help |

7 Click OK.

8 In the Save As dialog box, navigate to the temp directory and click Save to save the
assembly file spider . SLDASM. SolidWorks creates another copy of the assembly file
along with associated part files in the temp directory.

Switching to COSMOSWorks Manager

Switch to COSMOSWorks by clicking the COSMOSWorks Manager tab # | at the top
of the left pane.

Setting the Analysis Units

Before we start this lesson, we will set the - i
analysis units.

1 Click COSMOSWorks, Preferences.
The Preferences dialog box appears.

System of units:

Length units: in =
2 Click the Units tab. Tomperatus uits: [ken =]
3 Click English (IPS) in the System of units Angular velocity rits: [adisee =]

list.
4 Click in in the Length units list.
5 Click OK.

QK I Cancel Apply Help
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Lesson 1: Basic Functionality of COSMOSWorks

Step 1: Creating a Study

The first step in performing analysis is to 2
create a study. S st v, Propertes..|
1 Right-click the spider icon and
click Study, or click —
COSMOSWorks, Study. e |
Help |
The Study dialog box appears. Active stucy name: No study defined

2 Under Study name, type My First
Study.

3 Under Analysis type, sclect Static.

5
4 Under Mesh type, select Solid mesh. :?lmt% |

. i [ Parameters
5 Click OK. - My First Study
=199 Salids
-y shaft-1
&g spider-1

ﬁl LoadjRestraint

COSMOSWorks creates a representative tree for the study in
the COSMOSWorks Manager.

Step 2: Assigning Material

All assembly components are made of Alloy Steel.

Assign Alloy Steel to All Components
1 In the COSMOSWorks

x|
Manager tree, rlght-chck — Select material source — Material model
the solids folder and " Use Salidwiarks material Tupe: ILinearElasticIsotropic j
1. k . " Custam defined Unite. [Engish (F5)
nits:  |Englis -
clic Apply Materlal to " Centor library Launchl
A" & From library files Matenzlineme IAHD-'" )
The Material dlalog bOX Icoswkmat jv Property | Description [alue [ Units
Ex Elastic: modulus 30463139 pai
appears. NUXY  Paisson's ratio 028 M
Y Cast Al Gy Shear modulus 11453943 psi
2 Under Select material X East&ai’; DENS  Mass density 02781802 bAin”3
. Y Plain Carb SIG=T Tensile strength 105000 psi
Source’ d() the fOllOW]ng: Y Cast Carb SIGHC Compressive strength psi
5 A5 1020 SIGYLD  Yield strength S0000.007 psi
a) Click From |ibrary S £151 300 ALFY  Thermal expansion coefficie 7.2222222e-008 /Fahrenheit
. Y Stainloss & K Thermal conductivity 0.00066893722 BTUAin.«.F)
files. alnless & C Specific heat 010983011 Btu/fF]
b) Select coswkmat from i ¢ ok | e o
the menu.

¢) Click the plus sign = next
to the Steel material category and select Alloy Steel.

Note: The mechanical and physical properties of Alloy Steel
appear in the table to the right.

3 Click OK. 5.
Alloy steel is assigned to all components of the assembly g hub-1(-Alloy Steel)
and a check mark appears on each component’s icon. Note ' % :E;F;rlf{’:‘:ﬁ;féf:;ﬁ}
that the name of the assigned material appears next to the
component’s name.
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Lesson 1: Basic Functionality of COSMOSWorks

Step 3: Applying Restraints
We will fix the three holes.

1 Use the Arrow keys to rotate the assembly as shown in the figure.

Click these faces
2 In the COSMOSWorks Manager tree, right-click the Load/Restraint folder and click
Restraints.
The Restraint PropertyManager appears.
3 Make sure that Type is set to Fixed.
4 In the graphics area, click the faces of the three holes.
Face<l>, Face<2>, and Face<3> appear in the Selected entities list box.

5 Click OK [¥].

The Fixed restraint is applied and its symbols appear on the selected faces.

Fixed Restraint symbols

Also, a restraint icon (Restraint-1) appears in the Load/Restraint folder in
the COSMOSWorks Manager tree.
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Lesson 1: Basic Functionality of COSMOSWorks

Step 4: Applying Loads

We will apply a 500-1b. force normal to the face shown in the figure.

1

0 N O O

Click Zoom to Area |£]on the View toolbar and zoom into
the tapered part of the shaft.

In the COSMOSWorks Manager tree, right-click the Load/
Restraint folder and click Force.

The Force PropertyManager appears.
Under Type, click Apply normal force.

In the graphics area, click the face shown in the figure.

Face<1> appears in the Selected entities list box.
Make sure that Units is set to English (IPS).
In the Normal Force/Torque (Per entity) L box, type 500.

Click this face

To view the force before it is applied, click Preview &3]
Click oK [].

COSMOSWorks applies the force to the selected face and a Force-1 icon appears in
the Load/Restraint folder.

To Hide Restraints and Loads Symbols

In the COSMOSWorks Manager tree, right-click the Load/Restraint folder and click
Hide All.

Step 5: Meshing the Assembly

Meshing divides your model into smaller pieces called elements.
COSMOSWorks suggests an element size for convenience.
]x][2]

1

Mesh Parameters: -

In the COSMOSWorks Manager tree, right-click the Mesh icon
nd olick Create.

Coarze i Fine

' % IU.1 8266993 in
Click Preferences. iE |n_nns1 TM9EE i

Reset to default size

™ Run analysis after meshing

Freferences...

The Mesh PropertyManager appears.
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Lesson 1: Basic Functionality of COSMOSWorks

The Preferences dialog box appears with the

Mesh tab selected.
3 Under Mesh quality, click High.
4 Under Mesher type, click Standard.

5 Select 4 Points from the Jacobian check

menu.

6 Under Mesh Control, click Smooth
Surface. Make sure that Automatic
transition is not checked.

7 Click OK.

You will return to the Mesh
PropertyManager.

8 Accept the default Global Size & and

Tolerance & suggested by the program and

click oK [v].

Meshing starts. When meshing is completed,

a check mark appears on the Mesh

L T x|

Generall Units I Material Mesh |F|esu|ts| Exportl Flat I

—Mesh quality——— Mesher type
 Draft & Standard
& High  Altemate

Jacobian check: |4 Faints VI

— Mesh contral

[T Automatic transition

¥ Smooth surface

—Automatic looping
V¥ Enable automatic looping for solids

Mo. of loops: |3 ﬂ
Global element size factor for each loop: Ig_g
Tolerance factor for each loop: IU_S

—Wizual setting:

o]

Cancel Apply Help

icon @resh and the mesh is displayed in the graphics area.

Step 6: Running the Analysis

Global size

Global element size is a measure
of the average edge length of
elements in a mesh

In the COSMOSWorks Manager tree, right-click the My First Study icon and click

Run.

Analysis starts. When analysis is completed, COSMOSWorks creates result folders
automatically in the COSMOSWorks Manager tree.

Step 7: Visualizing the Results

von Mises stress

1 Click the plus sign = beside the Stress folder.

1-8
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Plot1 icon appears.
2 Double-click Plot.
Von Mises stress plot is displayed.

9 spider

Lesson 1: Basic Functionality of COSMOSWo

Model name: spider

H Study name: My First Study

i3 Parameters

A My First Study

-9 Solids

- hub-1(-alloy Steel-)

L shaft-1(-aAlloy Steel-)
LG spider-1{-alloy Steel-)
|:_:|if|:I Load/Restraint

..... Restraint-1

\: ----- (] Report
[ ] Stress
[#--[_]] Displacement
[ Skrain
E
E

Click here

t-[_]) Deformation
t]-(_ ] Design Check.
----- B Cortact/Gaps

Animating the Plot
1 Right-click Plot1 and click Animate.
The Animation dialog box appears.

2 Check Save as AVI File, then click Browse and select a

destination folder to save the AVI file.
3 Click _*| to play the animation.
4 Click ‘®] to stop the animation.

5 Click ® to close the Animation dialog box.

Visualizing Resultant Displacements

1 Click the plus sign = beside the
Displacement folder.

Plot1 icon appears.
2 Double-click Plot1.
Resultant displacement plot is displayed.

COSMOS Student Workbook

A

Plat type: Static Modal stress-Plat1
Deformation Scale: 454 296

von Mizes (psi)

1.567e+004

1.454e+004
_1.5322e+004
_1.190e+004
_1.058e+004
_9.255e+003
| 7.933e+003
|G 611e+003
| 5.289e+003
_ 3.967e+003

2 E44e+003
1.322e+003
1.1:39e-001

rks

Frames: lﬁ_ﬂ
-
P )\

Sitart;
End:

Incremet:

50

Speed @ —m0 — ——f——

™ Save as &l File Dption..l Browsel

IE:\Program Files\COSMOS Applica

I Wiews with fedia Player

» o 7
Model name: spider
Stucly name: My First Stucy
Plot type: Static displacement-Plat1 URES (in)

Deformation Scale: 454 296
1.364e-003

1.230e-003
_1.137e-003
_1.023e-003
. 9.093e-004
_ 7 956e-004
| 6.520e-004
_ 5.683e-004
_4.547e-004
_ 3.410e-004

2.273e-004
1.137e-004
3.937e-032




Lesson 1: Basic Functionality of COSMOSWorks

Is the Design Safe?

The Design Check Wizard can answer this question for you. We will use the wizard to
estimate the factor of safety at every point in the model. In the process, you need to select
a failure criterion.

1

Click the plus sign = beside the Design Check folder.
Plot1 appears.
Right-click the Plot1 icon and select Edit Definition.

Design Check Wizard Step 1 of 3 dialog box appears.

Under Criterion, click Maximum von Mises stress.

Note: Several criteria are available. The von Mises
criterion is usually used to check the failure of
ductile materials.

Click Next.

Design Check Wizard Step 2 of 3 dialog box appears.

Under Set stress limit, click to Yield strength.

Design Check Wizard  Step 1 of 3 |
Component: All j
— Criteriat

% Maximum von Mises stress
" Maximum shear stress [Tresca)
" Mohr-Coulomb stress

 Mawimum nomal stress

r Information

&,
vrbdies o)

Design goal:
Lawir

Note: When a material yields, it continues to deform
even if the load is not increased.

Click Next.

Design Check Wizard Step 3 of 3 dialog box appears.

Under Plot results, click Areas below factor of
safety and enter 1.

Click Finish. The plot is generated.

Model name: spider
Study name: My First Study
Plat type: Design Check-Plot1

Design Check Wizard

Step 3 of 3|

— Safety result Red= FOS=1 =Blue

Based on the maimurn von Mises stress criterion:
Factar of safety = 5673

— Plat result

~ Factor of safety distibution

 Norrdimensional stress distribution

¥ Areas below factor of safety |1

< Back | Finish I

Cancel | Help |

A

< Back | Mext > I Cancel Help |
Design Check Wizard  Step 2 of , x|

Source: COSMOS

I aterial: Alloy Steel

i Defined material strength

“rield strength: Se+004 psi

Ultimate strength: 1.05e+005 sl

St stress lirnit
% to'Yield strength
T to Ulimate strength

o ISe+DU4 psi

— Man stress result

woh Mises stress:

1.587e+004 psl

< Back | Nexst » I Cancel Help

Criterion : Max von Mises Stress

Rotate the model and look for unsafe areas shown in red. The plot is free from the red

color indicating that all locations are safe.

COSMOS Student Workbook




Lesson 1: Basic Functionality of COSMOSWorks

How Safe is the Design?

1

Right-click the Design Check folderin i
the analysis tree and click Define. Sty name: My First Stuty

Plat type: Design Check-Plot2
Criterion : Max von Mises Stress

Design Check Wizard Step 10f3 Factor of safety distribution: Min FOS = 5.7
dialog box appears.

Click Next.

Design Check Wizard Step 2 of 3
dialog box appears.

Click Next.

Design Check Wizard Step 3 of 3
dialog box appears.

FCs
1.000e+002
9.214e+001

- §.428e+001
_ 7 B42e+001
_ B.896e+001
| 6.070e+001
| 5.284e+001
_ 4.498e+001
L 3.712e+001
. 2.925e+001
. 2.139e+001

1.3593e+001
l 5.673e+000

Under Plot results, click Factor of
safety distribution.

Click Finish.

The generated plot shows the distribution of the factor of safety. The smallest factor of
safety is approximately 5.7.

Note: A factor of safety of 1.0 at a location means that the material is
just starting to yield. A factor of safety of 2.0, for example, means
that the design is safe at that location and that the material will
start yielding if you double the loads on the model

Saving All Generated Plots

Right-click My First Study icon and click Save all plots as JPEG files.

The program saves all result plots in the following directory:
“\work\reports\spider-My First Study” inside the COSMOSWorks’
installation directory.

Generating a Study Report

The Report utility helps you document your work quickly and systematically for each
study. The program generates structured, Internet-ready reports (HTML files) that
describe all aspects related to the study.

1

Right-click the Report icon and click Define.
The Report dialog box appears.

The Settings for list box lists the sections to be included in the report. To include a
section, make sure that it is checked. To exclude a section, clear it from the list.

In the Logo File box, browse to the location of your company’s logo file. Admissible
formats are: JPEG Files (*.jpg), GIF Files (*.gif), or Bitmap Files (*.bmp).

In the Title box, type a title for your report.
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Lesson 1: Basic Functionality of COSMOSWorks

Supply the rest of information (Author, Company, and Date) in their respective fields.

Select the Show report on OK check
box.

To edit the contents of a section,
highlight it in the Settings for box.

The Preview box lets you enter the
desired information in the report.

Highlight Conclusion in the Settings
for list and enter a conclusion of your
study in the box to the right.

Click OK.

The report opens in your default
internet browser.

Also, the program creates an icon in
the Report folder in the
COSMOSWorks Manager tree.

i~ Settings for

[w|Cover Page

Wl ntroduction
[w|Description

[wIFile Information
[w]Materials

[wlLoad Information
[w]Cartact

(W] S tudy Property
(w]Stress Results
[w]Strain Results
[wlDisplacement Results
[w]Deformation Results
w]Design Check Results
[ Design Scenarnio Results
vl Cancluzion
[w]Appendis

[¥ Show report on OK.

x|
i~ Previes
Cover Page
Loga File: IIDgD.gif
Title: ISlress analysis of spider
Authar: IAulhar:
Company: ISlrucluraI Fiesearch & Analysis Carp.
Date: I
Repart file name: Ispider-M}l First Study-1.htm
I Automatically update all plats in JPEG files [ Erlnlverslun
ok | Cancal Hep |

To edit any section of the report, right-click the report icon and click Edit Definition.
Modify the section and click OK to replace the existing report.

Save Your Work and Exit SolidWorks

1 Click on the Standard toolbar or click File, Save.
2 Click File, Exit on the Main menu.
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Lesson 1: Basic Functionality of COSMOSWorks

5 Minute Assessment

1 How do you start a COSMOSWorks session?

2 What do you do if COSMOSWorks menu is not on the SolidWorks’ menu bar?

3 What types of documents can COSMOSWorks analyze?

4 What is analysis?

5 Why analysis is important?

6 What is an analysis study?

7 What types of analysis COSMOSWorks can perform?

8 What does static analysis calculate?

9 Why static analysis is important?

10 What is stress?

11 What are the main steps in performing analysis?

12 How can you change the material of a part?

13 What tool do you use to check the safety of your design?

14 The Design Check Wizard shows a factor of safety of 0.8 at some locations. Is your
design safe?
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Lesson 1: Basic Functionality of COSMOSWorks

Projects — Deflection of a Beam Due to an End Force

Some simple problems have exact answers. One of these problems is a beam loaded by a
force at its tip as shown in the figure. We will use COSMOSWorks to solve this problem
and compare its results with the exact solution.

Tasks

1 Open the cantilever.sldprt file located in 100 Ib. force
the Examples folder of the COSMOSWorks
installation directory.

2 Measure the width, height, and length of the
cantilever.

Save the part to another name. L=length=??

Switch to the COSMOSWorks Manager tree. Fixed face
Create a static study.

w=?7?
Assign Alloy Steel to the part. What is the “—’|
value of the elastic modulus in psi?

Answer: I h=77

7 Fix one of the end faces of the cantilever. X
cross-section

o a A~ W

8 Apply a downward force to the upper edge of the
other end face with magnitude of 100 Ib.

9 Mesh the part and run the analysis.

10 Plot the displacement in the Y-direction. The Y-direction is the same as dir 2 of Planel.
What is the maximum Y-displacement at the free end of the cantilever?

Answer:

11 Calculate the theoretical vertical displacement at the free end using the following
relation:

3
_ 4FL
UYTheory - 3

Ewh

Answer:

12 Calculate the error in the vertical displacement using the following relation:

UYTheory — UYCOSMOS) 100

ErrorPercentage = (
UYTheory

Answer:
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Lesson 1: Basic Functionality of COSMOSWorks

Lesson 1 Vocabulary Worksheet

Name Class: Date:

Fill in the blanks with the proper words.

1 The sequence of creating a model in SolidWorks, manufacturing a prototype, and
testing it:

A what-if scenario of analysis type, materials, restraints, and loads:
The method that COSMOSWorks uses to perform analysis:

The type of study that calculates displacements, strains, and stresses:

The process of subdividing the model into small pieces:
Small pieces of simple shapes created during meshing:
Elements share common points called:

The force acting on an area divided by that area:

© o0 N o g A~ 0D

The sudden collapse of slender designs due to axial compressive loads:

10 A study that calculates how hot a design gets:

11 A number that provides a general description of the state of stress:

12 Normal stresses on planes where shear stresses vanish:

13 The frequencies that a body tends to vibrate in:

14 The type of analysis that can help you avoid resonance:
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Lesson 1: Basic Functionality of COSMOSWorks

Lesson 1 Quiz

Name: Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1 How do you switch between the COSMOSWorks Manager and the FeatureManager?

2 You test your design by creating a study. What is a study?

3 What types of analyses can you perform in COSMOSWorks?

4 After obtaining the results of a study, you changed the material, loads, and/or restraints.
Do you have to mesh again?

5 After meshing a study, you changed the geometry. Do you need to mesh the model
again?

6 How do you create a new static study?

7 What is a mesh?

8 In an assembly, how many icons you expect to see in the Solids folder?
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Lesson 2: Basic Functionality of COSMOSFloWorks

Goals of This Lesson

Upon successful completion of this lesson, you will be able to understand the basic
functionality of COSMOSFloWorks and perform hydraulic analysis to the following part.

§W solidworks 2004 - [Valve.SLDPRT] [_T5]=]
@ Fie Edit Yiew Msert Tools FloWorks Window Help NEIET

|DERE® 3R -« (ke |sEE(f-% 2 |vaaqasts 2809002 8
[EraarvseveiEsosnzr (EBzasnrncads|essme LeeL ”

=§ Fl&=| B
Valve (40 degrees)

[T Annotations
3= Material <not specified >
Lighting
=1 (@] Solid Bodies{1)
0 outlet Lid
3% Planel
25y Planez
<&y Planed
L orgn
- [£] Equations
e, Risis1
-5y Andle Definition
&% Base-Revilve

LLLLEER LD
[fromnmmmm

L1
500 & BossExtrudet
& Cut-Extrudel

& Boss-Extrudez
&y Planet
{2 Boss-Sweepl
B Boss-Revolvel
25y Plane
g Cut-Extrudes
[ BossExtrudes
&5y Planes
B Cut-Extruder
& BossExtrudes4
[§} BossExtrudes
& Boss-Extrudes
£ Fillet
€ Filet2
&, et Lid
[, outler Lid T

| iz}

‘d%

| iy
['[' EdtingPart [ [ 7]
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Lesson 2: Basic Functionality of COSMOSFloWorks

Active Learning Exercise — Determination of Hydraulic Loss

Use COSMOSFloWorks to perform fluid
internal analysis on the Valve . SLDPRT part
shown to the right.

The step-by-step instructions are given below.

Opening the Valve.SLDPRT Document
We recommend that you save the Education Examples to a temporary directory to save
the original copy for repeated use.

1 Create a temporary directory named temp in the Examples folder of the
COSMOSFloWorks installation directory.

2 Copy the Education Examples directory into the temp directory.

3 Click File, Open. In the Open dialog box, browse to the Valve .SLDPRT part located
in the temp\Education Examples\Hydraulic Loss folder and click Open (or double-
click the part).

Checking the COSMOSFloWorks Menu

If COSMOSFloWorks is properly
installed, the F1oWorks menu appears
on the SolidWorks’ menu bar. If not:

1 Click Tools, Add-Ins.
The Add-Ins dialog box appears.

2 Check COSMOSFloWorks. If COSMOSFloWorks is not in the list, you need to install
COSMOSFloWorks.

3 Click OK. The FloWorks menu appears on the SolidWorks’ menu bar.

%Eile Edit “iew Insert Tools Flgt\-"orks Window  Help

COSMOSFIoWorks menu
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Lesson 2: Basic Functionality of COSMOSFloWorks

Model Description

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

-, Outlet

handle

The local hydraulic loss (or resistance) produced
by a ball valve installed in a piping system
depends on the valve design dimensions and on
the handle turning angle. The ball-to-pipe
diameter ratio governs the handle turning angle
at which the valve becomes closed.

inlet

The standard engineering definition of a hydraulic resistance of an obstacle in a pipe is the
difference between the total pressures (i.e. where a stream is not disturbed by the obstacle)
upstream and downstream of the obstacle (the valve in our case) divided by the incoming
dynamic head, from which the hydraulic resistance due to the friction over the pipe section
is subtracted.

In this example we will obtain the local hydraulic resistance of the ball valve whose
handle is turned by an angle of 40°. The Valve analysis represents a typical
COSMOSFloWorks internal analysis.

Note: Internal flow analyses are analyses where fluid enters a model at the inlets
and exits the model through outlets with the exception of some natural
convection problems that may not have openings.

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.

Creating Lids

Creating Inlet Lid

1 Select the face shown in the picture.
Click Sketch | #| on the Sketch toolbar.

N

w

Select the tube’s edge.
Click Convert Entities @ on the Sketch tools toolbar.

Complete the sketch by clicking OK button in the confirmation
corner of the graphics area.

%
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6 Click Extrude Boss/Base &/ on the Features toolbar. &

7 In the Extrude Feature PropertyManager change the settings as @ @ @
shown. Direction 1 -
+ End Condition = Mid Plane [MidPlare =]
+ Depth = 0.005 o [oomsoooon =

8 Click OK @ to create the inlet lid. ¥ Merge result

| =

Next, in the same manner we will create the outlet lid.

Creating Outlet Lid

9 Select the face shown in the picture.
10 Click Sketch |#| on the Sketch toolbar.

11 Select the tube’s edge.

12 Repeat the steps 3 to 8 to create the lid at outlet.

13 Rename the new extrusions Extrudel and Extrude2 to Inlet Lid
and Outlet Lid correspondingly.

- [ et Lid
- outlet Lid |

Not sure you have created the lids properly? COSMOSFloWorks can easily check your
model for possible geometry problems.

Checking the Geometry

1 To ensure the model is fully closed, click e Bt KEl
FloWorks, Tools, Check Geometry. 9.
-] Outlet Lid
2 Click Check to calculate the fluid volume of the [ ]
model. If the fluid volume is equal to zero, the %‘
model is not closed. _ID;HEA”
Note: This Check Geometry tool allows you to Z'—II
calculate the total fluid and solid volumes, Lo |
check bodies for possible geometry
problems (i.e. tangent contact) and
visualize the fluid area and solid body as e P S —
Separate mOdels. I~ | Excludeintemal space I™ Create fluid bady assembly

[ Check for invalid contact

Output:

Analysis twpe: Intemal
The fuid volume is 0.007321 33567 m™3
The solid valume is 0.0543279312 m"3

The first step in performing flow analysis is to create a COSMOSFloWorks project.
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definition of a new COSMOSFloWorks project.

In the Project Name dialog box, click
Use current (40 degrees).

Each COSMOSFloWorks project is
associated with a SolidWorks
configuration. You can attach the project
either to the current SolidWorks
configuration or create a new SolidWorks
configuration based on the current one.

Click Next.

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

For this project use the International
System Sl by default.

Click Next.

In the Fluid Type and Physical Features
dialog box you can select the fluid type.

The selected fluid type is assigned for all
fluids in the analysis. This dialog also
allows you to specify advanced physical

features you want to take into account: heat

transfer in solids, high Mach number gas
flow, gravitational effects, time settings,
laminar only flow, surface-to-surface
radiation.

Wizard - Project Name

COSMOSFLOWORKS

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

To bedin the project you must first specify the configuration ko which the
project wil be connected. You can sither use the cunent configuration, or
create a new configuration by giving a new name to the curent
canfiguration. You can also attach comments to the project
Comments:
Configuration ;I

" Cieate new
& {ise cunent
Canfiguration narne:
40 degrees (1]

Current canfiguration.

40 degrees -

o

ceeck | Hets | Caresl | Hem |

. mm 0
hg/day o

ft

e
:':‘. 2 _:' :
S e

gl ath

Pleass sslect a system of urits in which the anabsis is performed. The
seleted system of units has na influence on the unit system used for model
desian

Urits
System [ Path | Comment
CGS (cmg-s) FW Defined CGS [emgs)
FPS [ft-b-s) FW Defined FPS [fth-s)
IPS (in-lbrs) FW Defined IPS (inlbes)
MMM [mm-g-s] FW Defined MMM (rom-g-s]
Sl (mrkgrs) FW Defined 51 (rvkg-s)
Lsa Fw Defined usa

<Back | [[THREHGT Caneel Help

Wizard - Fluid Type and Physical Features

"Flwd i

Ciligid £ Gss £ Honflewtonian/Compressbiz ligud |

Please click "Heat fransfer in salids™ o includ solid heat condustion
calculations [ie., for conjugate heat transfer smulations). Click.
“Gravitational effscts' and enter the “Gravitational Settings"” f these
effects are important [¢.g. natural convection problems). Clies “Time
dependent"” and enter the "Time Settings" f your problem is unsteady. f
you want ta analyze high-veloeity gas flaws (Mach number is greater than
Sbout 3 for steady-state and about 1 for transient analyses], then olic
“High Mach uraber flaw”. Click "Radiatiort” ta nable suifaceto-sutace
radiation.

Physical featur
I~ Heat transfer in solids I | Heat transter i salids ol
I | Radistion

I | High M zch nurber Flaw

Tirne Setings.
Grayitationa| Settings

Flow type
Laminar and Tubulent ¥
I~ Time dependent

™ Gravitational effects

< Back {

- Cancel Heip

Specify Liquid and do not use any of the above-mentioned features.

Click Next.

In the Analysis Type dialog box you can
select either Internal or External type of
the flow analysis.

Specify Internal type and accept the other
default settings.

Click Next.

COSMOS Student Workbook

Wizard - Analysis Type
-
g 4 .
-
~H;
Syl

p—

— e -
— = —

Please specify an estemal of infemal type of analpsis. For problems
inclucing both extemal and interal flows, you should specify exteml ype.
If the solid body in an extemal flow has closed inteinal spaces not used in
the analysis. then click. "exclude infemal spaces”. If youwant (o evclude
cavities in your model that have no assosiated flow Gondiions, then please
click the coresponding checkbox

Analysis typ

C Extemal & |ntemal

[ Enchde caviies wihaLt fow

I~ Erlude internal spaces i

Reference asis of the aiobal coordinate system:
% =

< Back Cancel Help
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6 In the Roughness dialog box you can EE =
specify the wall roughness value applied [,
by default to all model walls. To specify z s

. 1 ) ¢ i

the roughness value for a specific wall you LAY YL

CITARYARVAVARY .
must create a Real Wall boundary AP

o . Y 5
condition. P
In this project we will not concern rough o P
walls.
Click Next.
< Back Cancel Help

7 Inthe Selecting Fluid Substances dialog  IEETmrTTEmEs

box you can select the fluid substances e e e e TPt

whose flow is analyzed in the
COSMOSFloWorks project.

Database of fluids: Selected fluids:

Since we use water in this project, double- ? gh'ét | P%%Egl e Rt
click the Water SP item in the Database A el |

of fluids list taken from E L”‘SL Ribs | G|
COSMOSFloWorks’ Engineering

Database.

Click Next. ek |[ Nom | _cwcs | b

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.

SP (Standard Pressure) means that temperature dependencies of the
liquid are taken along the standard isobar P=0.1 MPa.

8 Since we do not intend to calculate heat izardDefault Wall Contions
transfer in solids, the Default Wall SRR BT s
Conditions dja]()g box appears, where st et o kel o e 1 e et
you must specify the thermal wall t f i t ”_; T }
boundary conditions applied by default to Fd

. . Default wall condition:
all the model walls contacting with the e
. W T
ﬂuld. © Heat flus
" Heat hransfer rate
For. this PI‘O_] ect accept the default e
Adiabatic wall feature denoting that all
the model walls are heat-insulated. =1 e | ]

Click Next.
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9 In the Initial and Ambient Conditions R
dialog box specify initial values of the
flow parameters. For steady internal o
problems these values specified closer to
the expected flow field will reduce the

analysis time.

Parameters [Value
Parameter Definition User Defined
= Thermodynamic Parameters
Parameter Pressure, temperature
- Pressue 101325 Ps
Temperaturs 2932K
locity Parameters

rbulence Parameters

For this project use the default values.
Click Next.

Design.
< Back Cancel Help

Note: For steady flow problems COSMOSFloWorks iterates until the solution
convergences. For unsteady (transient, or time-dependent) problems
COSMOSFloWorks marches in time for a period you specify.

10 In the Result Resolution and Geometry Wizard - Result Resolution and Geometry Resolution
Resolution dialog box you can control the | m o A e e 0% e
. = Rt e S
analysis accuracy as well as the mesh
settings and, through them, the required & o
computer resources (CPU time and P R
——v i— |
memory). — = Gap Size | WallThickress | Advanced
FOI- thlS proj eCt accept the default I‘esult * ¥ Manual specification of the minimum gap size
. l_ Mirirmum gap .slze refers to the feature dimension
resolution level 3. ol L
<gack |[ Hets | Carcel | Heb |

Result Resolution governs the solution accuracy that can be interpreted as resolution
of calculation results. You specify result resolution in accordance with the desired
solution accuracy, available CPU time and computer memory. Because this setting has
an influence on the number of generated mesh cells, a more accurate solution requires
longer CPU time and more computer memory.

Geometry Resolution (specified through the minimum gap size and the minimum
wall thickness) governs proper resolution of geometrical model features by the
computational mesh. Naturally, finer Geometry Resolution requires more computer
resources.

Select the Manual specification of the minimum gap size check box and enter
0 .04 m for the minimum flow passage.
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Note: COSMOSFloWorks 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 must be specified manually.

Click Next.

11 The Summary dialog box presents you brief general information about the project
specified in the Wizard. Click Finish.

COSMOSFloWorks Design Tree

After the basic part of the project has been created, a new COSMOSFloWorks design tree
tab & appears on the right side of the Configuration Manager tab.

Note: The COSMOSFloWorks Design Tree provides a convenient specification
of project data and view of results. You also can use the
COSMOSFloWorks design tree to modify or delete the various
COSMOSFloWorks features.

At the same time, in the SolidWorks graphics area a
computational domain wireframe box appears. The flow
and heat transfer calculations are performed inside the
computational domain. The computational domain is a
rectangular prism for both the 3D analysis and 2D
analysis. The Computational Domain boundaries are
parallel to the Global Coordinate System planes.

computational domain

Now let us specify the other parts of the project.

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.

Specifying Boundary Conditions

2-8

1 Click FloWorks, Insert, Boundary Condition.

2 Select the Inlet Lid inner face (in contact with the fluid). To
access the inner face, right-click the lid’s outer face and
choose Select Other. Right-click the mouse to cycle through
the faces under the cursor until the inner face is highlighted,
then click the left mouse button.

The selected face appears in the Faces to apply boundary
condition list.
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3 In the Type of boundary condition list, Boundry Condtin —
N g Defirition | Settings |
SeleCt the Inlet VeIOCIty ltem’ and then Emecibantm et —,  IbEs e esrien [ o |
click the Settings tab.  Eln s e i j
" Pressure openings ullet ass Flow elp
e wal Bl e o = -

Faces to apply the boundary condition: Coordinate system
Face <2lnlet Lid> Global Coordi o

Reference asis: < =

[V Create associsted goals

4 Double-click the Value cell of the Boundary Condtion HE
. . . Definition 551tmg$|
Velocity normal to face item anq set it P — ]
equal to 1 (type the value, the units o e —— Carce
— Velbeiyromaltotace  [1Tmis =

appears automatically). it I

Temperatue:

Accept all the other parameters and click
OK.

[~ Show advanced parameters Design

[V Create associsted goals

By specifying this condition we defined at the ball valve pipe inlet the water enters the
valve with the velocity of 1.0 m/s.

5 Select the Outlet Lid inner face. =
In the graphics area, right-click outside the model and Fecs Cuvsture
select Insert Boundary Condition. The Boundary jl  Face Propertes...

Feature Properties

Condition dialog box appears with the selected face in the

Faces to apply boundary condition list. Insert Surfons e
iew Setings:.

Let us specify pressure on this boundary, otherwise the problem specification is deficient.
Before the calculation starts, COSMOSFloWorks 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.
Specifying at least one Pressure opening condition allow us to avoid problems with mass
flow rate balance, since the mass flow rate on a Pressure opening is not specified but
calculated during solving the problem.

6 Click Pressure openings and in the Boundary Condion HE
ags . Definiion | Setings |
Type Of boundary condltlon hSt’ SeleCt ~Basic set of bounday condtions— Type of boundaiy condition
the Static Pressure item. Click the € Bowsrorives Toat e Carel

SHarinGs
Seehifi He

Faces ta apply the boundary condiion:  Coordinate system:
<10utlet Lid>

Settings tab.

Reference s x =

¥ Create associated goals
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7 Accept the default values for static pressure
(101325 Pa), temperature (293.2 K) and all
the other parameters.

[Value | K

v
g |o
2
o

Is;
101325 Pa

293.2K Help

[~ Show advanced parameters Desian

8 Clle OK ¥ Create associated goals

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

The model’s hydraulic losses & is calculated as the difference between the model’s inlet
total pressure and the outlet total pressure, AP, divided by the dynamic pressure (dynamic
head) determined at the model inlet:

2
& = (dP)/BL = (dP)/Py,

where # is water density, and ¥ is inlet water velocity, Py, 1s the dynamic pressure at
inlet. Since we already know (specify) the water velocity (1 m) and the water density
(998.1934 for the specified temperature of 293.2), 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 interested parameter is to specify the corresponding
engineering goal.

Engineering goals are the parameters in which the user is interested. Setting goals is in
essence a way of conveying to COSMOSFloWorks what you are trying to get out of the
analysis, as well as a means of reducing the time COSMOSFloWorks takes to reach a
solution. By only selecting the variable which the user desires accurate values for,
COSMOSFloWorks knows which variables are important to converge upon (the variables
selected as goals) and which can be less accurate (the variables not selected as goals) in
the interest of time. Goals can be set throughout the entire domain (Global Goals), in a
selected area (Surface Goal) or within a selected volume (Volume Goal). Furthermore,
COSMOSFloWorks can consider the average value, the minimum value or the maximum
value for goal settings. You can also define an Equation Goal that is a goal defined by an
equation (basic mathematical functions) with the existing goals as variables. The equation
goal allows you to calculate the parameter of interest (i.e., pressure drop) and keeps this
information in the project for later reference.

Specifying Surface Goals

1 In the COSMOSFloWorks design tree, right-click the |
Goals icon and select Insert Surface Goal. w58 Results_InsertGlobal Goal..

. . Insert gurface Goal...
2 Select the inner face of the Inlet Lid. k
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To easily select a face, simply click the Inlet T —
Velocity1 item in the COSMOSFloWorks design .44 inputData

: : ) Goal type:
tree. The face belonging to the specified boundary (3 Computational Dt
1t1 1 4 . L Global Coordinat IStatic Fressure
condition is automatically selected and appears in

. E| Eﬁ Boundary Conditi
the Faces to apply the surface goal list. =] et Velacity]

Facesto apply th

s

Accept the Average Value and agree to Use the goal for convergence control.
Clle OK. Surface Goal HE

In the COSMOSFloWorks design tree click-pause- i e
click the new SG Average Total Pressure1 item and BeslocliDaime

rename it to SG Average Total Pressure e

Inlet.

In the Goal type list, select Total Pressure.

o 0 A~ W

¥ Use the goal for convergence cantral
E m Goals Eanrdinate spstem:

HlSG Avwerage Total Pressure Inlet I| I

Ok I Cancel | Help

Note: Another way to rename an item is to right-click the item and select
Properties.

7 Right-click the Goals icon again and select Insert Surface Goal.
8 Click the Static Pressure1 item to select the

Faces to apply the surface goal:

inner face of the Outlet Lid. |Face <1 Ouflet Lid>

9 In the Goal type list, select Total Pressure.
10 Accept the Average Value and click OK.

11 Click-pause-click the new SG Average Total Pressure1 item and rename it to SG
Average Total Pressure Outlet.

12 Right-click the Goals icon again and select Insert Surface Goal.

13 Click the Inlet Velocity1 item to select the inner face of the Inlet Lid.
14 In the Goal type list, select Dynamic Pressure.

15 Accept the Average Value and click OK.

16 Click-pause-click the new SG Average Dynamic . Goals
Pressure1 item and rename it to SG Average B 3G Average Total Pressure Inlet

Dynamic Pressure Inlet F4 5G Average Total Pressure Outlet
) .. [ 3G Average Dynamic Pressure Inlet

The value of the dynamic pressure at the inlet can be calculated manually. We specified
the dynamic pressure goal just for convenience in the further calculation for hydraulic
losses.

After finishing the calculation you will need to manually calculate the hydraulic loss &
from the obtained total pressures values. Instead, let COSMOSFloWorks make all the
necessary calculations for you by specifying an Equation Goal.
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Specifying the Equation Goal

Equation Goal is a goal defined by an analytical function of the existing goals. 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. You can also use constants in the definition of the equation goal.

1

w

0 N o o b

10 Rename itto Hydraulic Loss.

Right-click the Goals icon and select Insert O e

Equation Goal. The Equation Goal dialog box gy | InserGlobalGoal..
- Insert Surface Goal...

appears. By Insert¥olume Goal..

Click the left bracket button = | | or type “(*“. ERSPCERIE  Incert Equation Gal...

In the Goal list select the SG Average Total Delete Al

Pressure Inlet goal and click Add.

Click the minus button _l or type "-".

In the Goal list select the SG Average Total Pressure Outlet goal and click Add.
Click the right bracket _]l and the forward slash _fl buttons, or type ")/".

In the Goal list double-click the SG Average Dynamic Pressure Inlet goal name.
In the Dimensionality list select No units.

Note: To set an Equation Goal you can use only specified goals (including
previously specified Equation Goals) and constants. If constants signify
some physical parameters (i.e. length, area etc.) make sure of using the
project’s system of units. COSMOSFloWorks has no information about
the physical meaning of the specified constant so you need to specify the
displayed dimensionality yourself.

Click OK. The Equation Goal 1 Equation Goal -
item appears in the tree. gzl

[5G Average Tatal Fressure nlel-{SG Average Total Pressure Oullet})/{5G Average Dynamic Pressure Inlefh

il
SRR N R R
S R N [
I
E— N e v =
No unit: =l

Cancel | Help |

Now the COSMOSFloWorks project is ready for the calculation. COSMOSFloWorks will
finish the calculation when the steady-state average value of total pressure calculated at
the valve inlet and outlet are reached.

212
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Running the Calculation
1 Click FloWorks, Solve, Run. The Run dialog box appears. [ 21x]

I¥ | Create mesh T R

2 Click Run to start the calculation. £ o e —

" Cortinue caloulation Help

¥ Salver

The calculation should take about 11 minutes torunona 1.7 GHz T Fermeer

PIV computer.
COSMOSFloWorks automatically e e
generates a computational mesh in [2e>rcisB0A0e el

EEE

ate
19:35:28 , Apr 05

accordance with your settings of Result
resolution and Geometry resolution. The
mesh is created by dividing the
computational domain into element
rectangular volumes - cells. The cells are T
further subdivided as necessary to properly

resolve the model geometry and flow
features. This process is called mesh d | a
refinement. During the mesh generation S —
procedure, you can see the current step and

the mesh information in the Mesh

Generation dialog box.

Monitoring the Solver

This is the solution monitor dialog box. On EEErE=rrErT= Bk
the left is a log of each step taken in the = s (0 I s T
solution process. On the right is an

information dialog box with mesh
information and any warnings concerning
the analysis.

19:35:35 , Apr 05
19:35:38 , Apr 05

ol
During the calculation you can monitor the -
convergence behavior of your goals (Goal
Plot), view the current results in the
specified plane (Preview) and displays the [ — ' " . "/

minimum and maximum parameter values
at the current iteration (Min/Max table).

Creating Goal Plot

1 Click Insert Goal Plot @ on the Solver toolbar. The Add/Remove Goals dialog box

appears.
2 Click Add All to add all goals to the Selected
. . EE— ——— oK
goals list and click OK. L || fspeertrmeren] S
P — 56 Awerage Total Pressure { _Cares |
— Hydraulic Loss Help
« | | EEEemeveAr] | | |

Plot caplion:  [Goal plot 1
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214

This is the Goals dialog box and each goal created
earlier is listed above. Here you can see the
current value and graph for each goal as well as

the current progress towards completion given as : e st 0w 1 =
a percentage. The progress value is only estimate o

and the rate of progress generally increases with Eg L Herations
time_ m 10 20 30 10 50 sl

Goal Name Current Vaiue | Averaged value | Minimum value | Maximum value [ pro
[ Hydrauic Loss 20,6109 27,7206 10,5562 265,264
5G Average Total Pressure Outlet 101782 Pa 101751 Pa 101635 Pa 101785Pa ==
5G Average Tatal Pressure Inlet 112069 Pa 115586 Pa 106936 Pa 239030Pa ==
=G Aiverage Dynanic Pressure Inlet 499,097 Pa 499,097 Pa 493,097 Pa 499.097Pa ==

Preview Results

. . -, Preview Settings
1 Click Insert Preview < | on the Solver S ——
; Definition | Settings | Image Attibutes | Dptions | Region |
toolbar. The Preview Settings dialog box S o]
appears . Plane name; lanez Cancel
. Flane offset 5 Apply
Click the FeatureManager tab &} | ) o » =
& Contours
 Manusl min/mas
1 lsolines
% Auto mindmax
1 Welocity vectors
Select Plane 2. % Valve (40 degrees)

. . . . [T Annotations
For this model P1ane 2 is a good choice to use as the preview plane. o

The preview plane can be chosen anytime from the Feature Manager. (&) soid Bodies(1)

Click OK to display the preview plot of the static Pressure g e

distribution. % Plang

Note: You can specify a parameter you want to display in the preview plane,
the parameter range and display options for velocity vectors at the
Setting tab of the Preview Settings dialog box.

The preview allows one to look at the results ErEET=mEmmT;
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 30

even at this early stage. “ =

Pressure (Pa)

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.

Note: Why does the static pressure increase at the local region inside the valve?
This is due to a deceleration (up to stagnation within a small region) of
the stream impacting the valve’s wall in this region, so the stream’s
dynamic pressure is partly transformed into the static pressure while the
stream’s total pressure is nearly constant in this region, so the static
pressure rises.

5 When the solver is finished, close the monitor by clicking File, Close.
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Accessing the Results

1

2

Right-click the Results icon and select Load Results to - B e
activate the postprocessor. Select 1 . £1d and click Open.

Click the plus sign (+) besides Results.

Load Results

Once the calculation finishes, you can view the saved calculation results through
numerous COSMOSFloWorks options in a customized manner directly within the
graphics area. The Result options are: Cut Plots (section view of parameter distribution),
Surface Plots (parameter distribution on a selected surface), Isosurfaces, Flow Trajectories
(streamlines and particle trajectories), Goal Plot (behavior of the specified goals during
the calculation), XY Plots (parameter change along a curve, sketch), Surface Parameters
(getting parameters at specified surfaces), Point Parameters (getting parameters at
specified points), Report (project report output into MS Word) and Animation of results.

Creating a Cut Plot

1

Right-click the Cut Plots icon and select Insert. The Cut Plot dialog box appears.

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

Click the SolidWorks FeatureManager and oo
select P1ane2. Its name appears in the DE’:"‘””'S*“{”“'R“‘”"r"*”‘”"“'”' - o
. e e ~ Conlous Cortours Coriatrs ol
Section plane/face list on the Definition R N e —e |
W vectors I vectors ien Setings.. |
tab. Cancel |
. . . Section plane definition: l_HefE,me - Help
In the Cut Plot dialog box, in addition to
displaying Contours, select the Vectors o : .
check box.
On the Settings tab, using the slider set cut Plot [71x]
the Vector spacing to approximately Deftn Setit | Regn| st K
0.0 1 2 . Figed colar - F E\spla: vaklues ) ool
EBackground colar - raw backgrour:
Click View Settings in order to specify  Vectr ST
th ter whose values will be sh : a e
‘ector spacing:
! e Il)larame er wlose values will be shown o Lo .
y t (] Contour p Ot- Fixed colar -u "~ Gradient plot
v Display outines

Note: The settings made in the View Settings dialog box refer to all Cut Plots,
Surface Plots, Isosurfaces, and Flow Trajectories specific features.
These settings are only applied for the active pane of the SolidWorks
graphics area. For example, the contours in all cut and surface plots will
show the same physical parameter selected in the View Settings dialog
box. So, in the View Settings dialog box for each of the displaying
options (contours, isolines, vectors, flow trajectories, isosurfaces) you
specify the displayed physical parameter and the settings required for
displaying it through this option. The contour settings can also be applied
to Isolines, Vectors, Flow Trajectories and Isosurfaces.
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6 On the Contours tab, in the Parameter box, e

select X-Velocity.

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

8 In the Cut Plot dialog box click OK.
The new Cut Plot1 item appears in the
COSMOSFloWorks design tree.

However, the cut plot is not seen through the model. In order to see
the plot, you can hide the model by clicking FloWorks, Results,

Display, Geometry.

7]
|sosurfaces I Options I Coardinate System I
Contours I Isalines I Vectors I Flow Trajectoriez oK |
[~ Setting: |
Parameter: sevelocity - I Bpply
Min: -1.89446421 m/s [1.B344B42T mis =2 Open |
Max: 399073369 m/s 3.99073969 ms _l: Save hs.. |
Palette Palette 5 ‘I
Beset Min/Max |
Murmber of colors:
Cancel |
10
Help |
LT
G010
o=t o) S :
@ Flane2

Alternatively, you can use the standard SolidWorks Section View

option.

9 Click View, Display, Section View. Specify P1ane?2 as a Section

Plane. Click OK @ .

10 In the COSMOSFloWorks design tree, right-click the
Computational Domain icon and select Hide.

L Glo

& [000000000m :I
[ [000deg :I
[, [000deg :I
n

: @wm|

=[5 Bol  EditDefinition..

Now you can see a contour plot of the velocity and the velocity

vectors projected on the plot.

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

11 In the COSMOSFloWorks design tree, right-click the

Results icon and select View Settings.

12 In the View Settings dialog, click the
Vectors tab and in the Arrow size box
type 0.02.

13 Change the Min value to 2 m/s.

By specifying the custom Min we change
the vector length so the vectors whose
velocity is less than the specified Min
value will have the same length as the

Unload Results

Tl
. Yiew Settings...
o % Flat Manager. ..
0 o Custom Parameters. ..
I MinfMax Table, ..
feee (:\' 5
R SUMMary...
52 Fl
LBy plots
Yiew Settings H
|sosurfaces I Options | Coardinate System I
Contaurs I Isalines Wectors Flow Trajectoriez oK |
[~ Setting: Aol
 Use from contours & Use fived colar 4I_DD.V
Parameter. Welogity vl Open |
Min: 0 mds 2 mds 3: Cave s |
Maw: 4.6637226 m/s 4.EE3722E md's =i
) Beset Min/Max |
Arrow size: Mode:
—] Projected Yectors 'I Cancel |
[o.02m = ikl |
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vectors whose velocity is equal to the Min. This allows us to visualize the low velocity
area in more details.

14 Click OK to save the changes and exit the View Settings dialog box. Immediately the
cut plot is updated.

Displaying Flow Trajectories

Using Flow trajectories you can show the flow streamlines and paths of particles with
mass and temperature that are inserted into the fluid. 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 Excel. Additionally, you can save trajectories as SolidWorks
reference curves.

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

1 Right-click the Flow Trajectories icon and select Insert. The Flow Trajectories dialog
box appears.

2 In the COSMOSFloWorks Design G e e 21
. - . 0 Compueationsl Domail Diefinition | Table | Setiings | Farticle | Excel | Animation |
Tree, click the Static Pressure1 item %emwcmn!te?w — _ o |
. Component Control I_Buth = Physical particles Apply
to select the inner face of the Outlet & I s ot (| o
Lid. Trajectories launched from the et e 2] este i |
: . . . - Befrcs: et =
outlet opening will better visualize the 5 e w0 : =
vortex occurring downstream the =N ‘é"‘; || T
valve’s obstacle. P s e
3 Set the Number of trajectories to 50. | HE
Defintion | Table Setings | Panicle | Excel | Animation |
. - - oK
4 Click the Setting tab and decrease the Maximum ez R T‘
length of trajectories to 2 m. — o st
. . . X l'm—j' Create Curves
5 Click OK to display trajectories. P P _ e |
IZm = |ﬁs = Help

Rotate the model to better view the 3D structure of the vortices.
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Creating a Goal Plot

The Goal Plot allows you to study goal changes in the course of the calculation.
COSMOSFloWorks uses Microsoft 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.

1 In the COSMOSFloWorks design tree, under Results, right- R [
click the Goals icon and select Create. The Goals dialog box -] Re
appears. ‘. B Reference Fllid Ter
2 Click Add All. Goals EE
. . AG;:HI:;:E:G”G: Selected: Goal filker:
3 Click OK. The goals1 Excel workbook is 3 e e | [ =
created | G sdA:ZI::%Z Dyne
: hEmeve I peide o Plot aptiats
A,h .
BemoveAlII Template:
_’I goals.xlt 'I

T ] Caeel | Hep |

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

Goal Name Unit Value Averaged Value |Minimum Value |Maximum Value|Progress [%] |Use In Convergence
SG Awerage Total Pressure Inlet [Pa] 111892.897 111853 111773 111902 100|Yes

SG Awerage Total Pressure Outlet [Pa] 101989.3353 101933 101815 101993 100|Yes

SG Awerage Dynamic Pressure Inlet | [Pa] 499.09671 499.097 499.097 499.097 100(|Yes

Hydraulic Loss [1] 19.84297122 19.8758 19.8182 20.0334 0[No

Cloning Project

2-18

The calculation performed yields the total hydraulic resistance & including both valve's
hydraulic resistance v (due to the obstacle) and the tubes' hydraulic resistance due to
friction &;: & = &v + & To obtain the valve’s resistance, it is necessary to subtract from the
obtained data the total pressure loss due to friction in a straight pipe of the same length and
diameter. To do that, we will perform the same calculations in the ball valve model whose
handle is turned by an angle of 0°.

You can create a new COSMOSFloWorks project in three ways:

* The Project Wizard is the most straightforward way of creating a COSMOSFloWorks
project. It guides you step-by-step through the analysis set-up process.

* To analyze different flow or model variations, the most efficient method is to clone
(copy) your current project. The new project will have all the settings of the cloned
project, optionally including the results settings.

* You can create a COSMOSFloWorks project by using a Template, either a default
template or custom template created from a previous COSMOSFloWorks project.
Template contains only general project settings (the settings you specify in the Wizard
and General Settings only) and does not contain the other project features like boundary
conditions, goals, etc.

The easiest way to create a new SolidWorks configuration for 0° angle and specify the
same condition as the 40° angle project is to clone the existing 40 project.
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1 Click FloWorks, Project, Clone Project. Clane project
. @ Create new
2 Click Crete New. = dimering
Configuration name:;
3 In the Configuration name box, type 00 degrees. [00dogee:
Evisting configuration:
4 Click OK. | 2|
™ Copy results
0K | Cawel | Heb |

Now the new COSMOSFloWorks project is attached to the new 00 degrees configuration
and it has inherited all the settings from the 40 degrees project. All our input data are
copied, so we do not need to define them again. All changes will only be applied to this
new configuration, so the old results are still saved.

Changing the Valve Angle

1 In the FeatureManager, right-click the BN e Defintior, =
T % []--“:'%6 Base-Revole  219W
Angle Definition plane and select ~ e = [ Bose Exurar | ParenyChild..
Edit Definition. V¥ o@owbuudet | GoTo.
Selechons + =08 Boss-Extrude?  Feature Propetties
2 In the At angle box, type 90. D [T [;% gloasn:-gweem Croate NewFolder
ane
. &% Boss-Revolve] addtoMewFalder
3 Click OK () . e
!_/.) Elatm;xi ot Suppress
Y@ Cut-Extrude
Bollback
IEI Through Lines/Paints []"\@' Boss-Extrude =oee
<> Flaned Delete Feature
Parallel Flane at Poirt &-J@ Cut-Extrude?
= § Boss-Extruded m
,E ISU-UUdEQ :I #-[§ Boss-Extrudes Insart Sketch ’
#-[§ Boss-Extrudet v
B Cilaa

After clicking OK, two warning messages appear asking you to rebuild the
computational mesh and to reset the computational domain.

COSMDSFloWorks 2004 [<] COSMDSFloWorks 2004 [x]
& COSMOSFlaworks has detected thak the modsl was modified. Do you want to reset mesh settings? The geometry of the model or project settings have been changed, Do you wan to reset the computational domain?
Note: Pressing "Ves" is highly recommendsd but you have to start the computstion from the beginning, Press E o P
"No" I you are sure that the geometry was not changed, Continuation of the calculation with the modfied £

geometry wil produce wrang resuts.

- o

4 Select Yes for both the messages.

Changing the Geometry Resolution

Since at the 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. To solve your task in the most effective way you should choose
the optimal settings for the task.

1 Click FloWorks’ In itial Mesh . IlsResnInlmn and Geometry Resolution

1 Clear the Manual specification of the minimum gap
size check box.

2 Click OK.

Minimum wal thickness:
pes |

=
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Changing the Computational Domain

2-20

You can take advantage of the symmetry of the straight pipe to reduce the CPU time and
memory requirements for the computation. Since this flow is symmetric at two directions
(Y and Z7), it is possible to “cut” the model in one fourth and use a symmetry boundary
condition on the planes of symmetry. This procedure is not required but is recommended
for efficient analyses.

Note: The symmetric conditions can be applied only if you are sure that the
flow is symmetric. Symmetric geometry can produce nonsymmetric
flow. In this case, the flow in the straight pipe is symmetric so we can
reduce the computational domain.

1 In the COSMOSFloWorks design tree right-click the Computational Domain [J icon
and select Edit Definition. The Computational Domain dialog box appears.

In the Computational Domain dialog box you can perform the following:
+ Resize the Computational Domain.

« Apply the Symmetry boundary condition. The flow symmetry planes can be utilized
as computational domain boundaries with specified Symmetry conditions on them.
In this case, the computational domain boundaries must coincide with the flow
symmetry planes.

« Specify a 2D plane flow. If you are fully confident that the flow is a 2D plane flow,
you can redefine the computational domain from the default 3D analysis to a 2D
plane flow analysis resulting in decreases in memory requirements and CPU time. To
activate a 2D planar analysis, select 2D plane flow on the Boundary Condition tab.

2 In the Y min bOX type 0. Computational Domain
. Sizz | Bounday Condition | Color Seting |
3 In the Z min box type O. - e -
4 Click the Boundary Condition tab. O T =N
' min: lum— j Help
' mas 0.0553040859 m ﬁ
Z min IU— j
Zmax: 0.0553040859 m j
Beset I
5 Inthe At Y min and At Z min lists select omputational Domain
Svmmetry. Size {BBUASE Conon | colr Seting |
y ry Dpareton Mo =]
6 Clle OK At X min m Cancel
. . Hel
7 Click FloWorks, Solve, Run. Then click Run to Ao oo | ]

AL T i Symmetry hd

ALY maw Default b

At Z min Spmmetry e
AL Z max Default v

start the calculation.
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Getting the Valve’s Hydraulic Loss

After the calculation is finished, close the monitor dialog box, load results and create the

goal plot.

Valve.SLDPRT [00 degrees]

Goal Name Unit Value Averaged Value [Minimum Value |Maximum Value |Progress [%] Use In Convergence
SG Awerage Total Pressure Inlet [Pa] 101856.8187 101864 101857 101882 100|Yes

SG Awerage Total Pressure Outlet [Pa] 101810.7632 101808 101805 101811 100|Yes

SG Awerage Dynamic Pressure Inlet | [Pa] 499.09671 499.097 499.097 499.097 100|Yes

Hydraulic Loss [1 0.092277782 0.111959| 0.0922778 0.152809 0[No

Now you can calculate the valve’s hydraulic loss in the ball valve whose handle is turned
by 40°.

Convergence is an iterative process. The discretization of the flow field imposes
conditions on each parameter and each parameter cannot reach an absolutely stable value
but will oscillate near this value from iteration to iteration. When COSMOSFloWorks
analyzes the goal's convergence, it calculates the goal's dispersion defined as the
difference between the goal's maximum and minimum values over the analysis interval
reckoned from the last iteration and compares this dispersion with the goal's convergence
criterion dispersion, either specified by you or automatically determined by
COSMOSFloWorks. Once the oscillations are less than the convergence criterion the goal
becomes converged.

To determine the parameter's steady-state value more accurately, it would be more correct
to use the value averaged over the analysis interval is shown in the Averaged Value
column.

Total hydraulic losses (40 deg) Friction losses (0 deg) Valve’s loss

19,87 0,11 19,76

Save Your Work and Exit SolidWorks

1 Click on the Standard toolbar or click File, Save.
2 Click File, Exit on the Main menu.
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5 Minute Assessment

1 What is COSMOSFloWorks?

2 How do you start a COSMOSFloWorks session?

3 What is a fluid flow analysis?

4 Why analysis is important?

5 What kind of analyses is typical for COSMOSFloWorks internal flow analyses?

6 What is the specific requirement of COSMOSFloWorks internal analyses?

7 How can you ensure the model is closed?

8 Why it is necessary to add lids to the ball valve model openings?

9 What is the first step to start a COSMOSFloWorks analysis?

10 In what ways can a COSMOSFloWorks project be created?

11 How do you specify a fluid for a project?

12 How does a user define a fluid entering the model with a velocity of 1 m/s?
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13 The model has a geometric symmetry. Is it OK then to use the Symmetry boundary
condition at the model’s symmetry plane?

14 How do you define a 2D XY plane flow analysis?

15 [s it necessary to specify project goals to start the calculation?

16 How do you start a calculation?

17 What needs to be done first before viewing the result information?

18 What display options are available in COSMOSFloWorks to view the calculation
results?

19 How can you calculate the total pressure value for a steady state incompressible fluid?

20 What is the definition of the total hydraulic resistance (loss) of an obstacle in a pipe?
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Project — Hydraulic Loss Due to Sudden Expansion

Tasks

2-24

When the fluid passes through ball valve it undergoes two sudden contractions and two
sudden expansions. Let us employ COSMOSFloWorks to calculate the hydraulic loss in
the simple 2D channel with the sudden expansion.

1 Openthe Bilateral expansion channel.sldprt file in the part located in
the temp\Education Examples\Bilateral Sudden Expansion folder.

The model is a shell so it is fully closed (the

front face on the picture at the right is made

transparent to view the results). Therefore,

there is no need to create lids. et outlet
For easy selection, check to see that the

Enable selection through transparency

option is enabled under the Display/Selection

page of the System Options dialog box,

accessible by clicking Tools, Options.

2 Using the Wizard, create the COSMOSFloWorks project for internal water analysis
with the Result resolution level set to 5 (all other settings are default).

3 Specify that water with the velocity of 1 m/s enters the Specify an inlet
model through the inlet opening. What is the mass flow Vf't‘r’]_dt¥ of 1 m/s
. . . . a IS 1ace.
rate of the incoming water in this case?

Answer:

4 Specify that water exits the model through the outlet Specify a static
opening to an area of static atmosphere pressure. What is ::Th‘::';;‘s;e pressur
the value of the ambient static atmosphere pressure in Pa? '

Answer:

5 Specify 2D X-Y plane flow analysis.

It is known from hydrodynamics that channels
with a sudden expansion generate hydraulic
resistance to the flow due to a loss of flow energy
caused by vortices in the vortex region
downstream of the sudden expansion. Naturally,
these regions add to the hydraulic resistance
caused by the wall friction as well.

2D computational domain

To consider the hydraulic resistance due to the sudden expansion only, let us replace in the
calculations the channel's real walls by the "Ideal Walls" boundary condition option in
COSMOSFloWorks, which apply adiabatic frictionless walls. As a result, any wall friction
will be absent (of course, this can be done in calculations only and it is impossible in
physical experiments). As for the wall friction's influence on the generated vortices, and
therefore on the sudden expansion hydraulic resistance, will be neglected for this analysis.
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6 Specify the Ideal Wall boundary condition at the Make these walls ideal.
channel’s walls (colored cyan).

7 Specify the Total Pressure and Dynamic Pressure
surface goals at inlet.

8 Specify the Total Pressure surface goal at outlet.
Make these walls ideal.

9 Specify the Equation goal calculating the total
hydraulic loss.

10 Run the calculation.
along the channel.
12 Obtain the hydraulic loss
caused by the model’s sudden expansion by viewing the equation goal.

Answer:
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Lesson 1 Vocabulary Worksheet

Name Class: Date:

Fill in the blanks with the proper words.

1 The fluid flow equations solved by COSMOSFloWorks:

2 The method used for solving these equations with COSMOSFloWorks:

3 The method used for solving time-independent problems with COSMOSFloWorks:

4 The process of subdividing the model into small pieces:

5 Splitting mesh cells into smaller ones to better resolve a solid/fluid interface or solution

behavior:

6 The feature that allows users to track the convergence of a flow parameter(s) in a
COSMOSFloWorks project:
7 The physical feature which must be selected in COSMOSFloWorks to initiate
temperature calculation in solids:
8 The physical feature which must be selected in COSMOSFloWorks to obtain a time-

dependent solution:
9 The physical feature which must be selected in COSMOSFloWorks to calculate a flow
with significant supersonic regions:
10 The physical feature which must be selected in COSMOSFloWorks to properly

calculate a heat convection and/or mixing fluids in low-velocity flows not in
weightlessness:
11 The physical feature which must be selected in COSMOSFloWorks to fully suppress

any flow turbulence in the computational domain:

The COSMOSFloWorks approach of specifying a distributed resistance to a fluid flow:

12 Liquids whose viscosity depends on flow velocity gradients:
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Lesson 1 Quiz

Name: Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1 What is the specific requirement in COSMOSFloWorks for an internal analyses?

2 What if the fluid used in my design is not defined in the Engineering Database?

3 What is the reason for specifying goals in a project?

4 Why is it important to specify the proper minimum gap size?

5 How does a user define a fluid exiting the model at static atmospheric pressure?

6 After obtaining the results you intend to recalculate after changing a boundary
condition's value. Do you have to regenerate the computational mesh?

7 Can you obtain intermediate results during the calculation?

8 How do you load results?

9 You have specified a goal. How can you see the goal value after finishing the
calculation?

10 When can the symmetry condition be applied?

11 What causes hydraulic losses in a pipeline?
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