Using Siemens NX 11 Software

Advanced Finite Element Analysis - Valve

1-—

Introduction.

The goal of this tutorial is to perform a finite element analysis (FEA) of a water flow running
through a pipe which is heated.

e Make a copy of the file C:\Commun\NX \fem\valve.prt file in your local folder, and open it.

2 — Reset dialog boxes.

e Click on Menu->Preferences->User Interface...

e In the User Interface Preferences dialog box, click on the Options item of the left tree, and

b

then on the Reset Dialog Memory button.

Click OK to validate.

L} User Interface Preferences

% Find
Layout DjAlog Boxes A"
Theme . 3
Default Presentation of Dialog Content A
Resource Bar
Ty @ Less () More
Rol
. e_s» Decimal Places 4
Options
+-Tools Reset Dialog Memory Q
User Feedback A

Display Alerts on Warnings
Display Alerts on Information
[] Confirm Undo

Reset Welcome Page =)
Reset "Don't display this message again” i
Reset Command Finder Cache =
v
Apply Cancel
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In what follows, we will perform the next couples of steps

1. Creating meshes (2D and 3D) and their associated material properties for defining how
the water and the pipe will behave under geometric and thermal constraints.

2. Applying boundary conditions, loads and couplings.

3. Computing the FEA.

4. Visualizing the results.

3 — Creating a new FEM file.

e Create a new FEM file by clicking on File->New and selecting under the Simulation tab
of the New dialog box, the item Simcenter Thermal Flow (FEM).

e In the New FEM dialog box, set the option Analysis Type /of the Solver Environment
field to Coupled Thermal-Flow.

Machining Line Planner Manufacturing Inspection Mechatronics Concept Designer Press Line Line D
Ship General Arrangement Model oMU Drawing Layout Simulation
Templates A Preview
Filters A
Relationship | Stand-alone Part - Units | Millimeters -
MName Type Units Relationship whner
18 NX Nastran Acoustic Sim Millimeters Stand-alone AUTORITE.. ~
8 WX Mastran Vibro-Acoustic Fem Millimeters Stand-alone AUTORITE ..
18 MX MNastran Vibro-Acoustic Sim Millimeters Stand-alone AUTORITE ..
#8 NX Nastran Design Fem Millimeters  Stand-alone AUTORITE .. ﬂ MNew FEM
18 MX Mastran Design Sim Millimeters Stand-alone AUTORITE ..
& Samcef Fem Millimeters Stand-alone auToRiTE.. . FEM Name
18 Samcef Sim Millimeters  Stand-alon AUTORITE ..
E o fem1.fem
5 Simcenter Thermal/Flow ( Fem) Millimeters Stand-alone AUTORITE .
18 Simcenter Thermal/Flow o Millimeters  Stand-alone AUTORITE .. CAD Part
#5 Simcenter Electronic Systems Cooling  Fem Millimeters  Stand-alone AUTORITE ..
18 Simcenter Electronic Systems Cooling  Sim Millimeters Stand-alone AUTORITE .. MAscociate to Master Part
#5 Simcenter Space Systems Thermal Fem Millimeters  Stand-alone AUTORITE .. |,
< R Part | valve

Idealized Part
Create |dealized Part

MNew File Name

Mame | fernl.fem
Mame

fem1_i.prt

Bodies

Bodies to Use All Visible
Pelygon Body Resolution | Standard
Geometry

Geometry Options...

Solver Environment

Solver Simcenter Thermal/Flow

Analysis Type  |iCoupled Thermal-Flow

Mesh Marphing

N
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4 — Meshes and associated material properties.

G

e In the tree of the Simulation Navigator e , click on the + symbol in front of the
Polygon Geometry item * M= Polygon Geometry

e You can see two Polygon Body objects. Rename the first one Water (click-right on
it->Rename) and the second one Pipe. The first object will model the fluid (water), while
the second object will model the pipe through which the water is running.
- W[ Polygon Geometry

WA G Water

e You can hide/show these objects by clicking on their respective checkboxes I

e Select the Pipe and assign to it the
material Element Topology

@y Assign Materials Aluminium_2014.
e Select the Water and assign to it the

Solid

. ' i ; Properties
material '{.'p., Assign Materials Water. S
. ateria
e Select the Water and click on the
.. Type Pure Substance -
l.". -\.1" Material Water - @
Tet ShDd I Material Orientation
etrahedra
3D-Tetrahedra‘| _bUtton' In Material Orientation Method Coordinate Systemn -
the 3D tetrahedral MeSh dlalog bOX, Material Orientation Type Absolute -
select the TET4 mesh type with an
element size of 10 mm Thermo-Optical Properties
e In the Destination Collector field W=t
click on the New Collector Black Body
Eﬂ Mame Watel]

button. A collector associates a
mesh with a material.
¢ In the Mesh Collector dialog box, set
the Name option to Water, choose
Water as material, and uncheck the
Radiation checkbox.
e Click OK to return to the previous
dialog box, and then click OK again.
e The 3D mesh associated to the
material properties of water should
be created.

Cancel

DO AR

w
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Select the Pipe and click on the 2D Mesh | [Si il v X
Q::} Physical Property Table A
0 Marne Thin Shelll
Mesh putton
: ) Label 1
In the 2D Mesh dialog box, select the
TRI3 Thin Shell element type with an Properties A
element size of 10 mm. _
In the Destination Collector field, click on Thickness A
: Thick -
the New Collector ™ button. e 4 mm
In the Mesh Collector dialog box, select
.. ) ' MNoh-5Structural Mass A
Aluminium_2014 as Material. _
In the Physical Property field, click on the specify Non-Structural Mass
Lots -
Create Physical “Iputton. This will set
the behavior of the thin shell along the —
third dimension.
In the Thin Shell dialog box, go to th Cancal
Thickness field and set the Thicknegs anee
option to 2 mm (thickness of the pipe).
Click OK to return to the Mesh Collector
dialog box.
. . Mesh Coll X
In the Thermo-Optical Properties e =
field, set the Radiation option to | Fement Topology A
None. 0
Set the Name option to Pipe. Shell
Click OK to return to the 2D | . .. A
Mesh dialog box, and then click ; R
OK again. ol |
A 2D mesh associated to the Type Thin Shel M
material properties of aluminium Material A
(thin shell) should be created. Material Aluminum_2014 s
Save your files (ctrl+s).
Material Orientation A
Material Orientation Method Coordinate System -
Material Orientation Type Absolute -
Main Conduction Plane and Direction | Z plane, X direction -
s Physical Property A
Type Thin Shell -
4" Thin Shell Property Thin Shelll - | %Q; A 4
Thermo-Optical Properties A
Radiation iNone -
Mame Pipe

Cancel
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Boundary conditions, loads and couplings.

Click on File->New and select Simcenter Thermal/Flow (Sim).
In the New Simulation dialog box, simply keep the default yalues and click OK.

¢ Inthe Solution dialog box, select Coupled Thermal-Flow/as Analysis Type and click
OK. \

Machining Line Planner Manufacturing Inspection Mechatronics Concept Designer Press Line Lin
Ship General Arrangement Model oMU Drawing Layout Simulation
Templates A Preview
Filters A
Relationship | Stand-alone Part - Units
MName Type Units Relationship Owner
18 NX Nastran Acoustic Sim Millimeters  Stand-alone AUTCORITE .. &
g8 NX Mastran Vibro-Acoustic Fem Millimeters Stand-alone AUTORITE .. -
18 NX Nastran Vibro-Acoustic Sim Millimeters  Stand-alone AUTORITE ..
@ MNX MNastran Design Fem Millimeters  Stand-alone AUTORITE ..
18 NX Nastran Design Sim Millimeters  Stand-alone AUTORITE ..
@ Samcef Fem Millimeters Stand-alone AUTORITE ..
18 Samcef Sim Millimeters Stand-alone AUTORITE .. Properties
& Simcenter Thermal/Flow }a:n\ Millimeters Stand-alone AUTORITE .. Marme Sime
1 Simcenter Thermal/Flow (sim ) Millimeters Stand-alone AUTORITE .. Type: Sim
@ Simcenter Electronic Systems Cooling  Fem Millimeters  Stand-alone AUTORITE .. Units: Millir
18 Sfmcenter Electronic Systems Cooling  Sim Mfllfmeters Stand-alone AUTORITE .. Last Madifie
@55_ Simcenter Space Systerns Thermal Fem Millimeters  Stand-alone AUTORITE .. , Description:
< > Sim

€ Solution

Solution
Name | Solution 1 \
Solver Simcenter Thermal/Flow \_
Analysis Type Coupled Thermal-Flow N -
Soluticn Type | Thermal-Flow -
Thermal-Flow A
- Solution Details Description | ” 0
Selution Units
Solve Options A
Ambient Conditions P
Run Directory | Current Simulation - |

Solve Thermal
Solve Flow

Flow Solver Selection Serial Solver -
Results Options

Turbulence Model Mixing Length -
[] Buoyancy

Solution Type A
Solution Type Steady State -
Transient Thermal Data to Use for Steady 5tate | Loads at Specified Time -
Use Loads at Time 0 5 - -
Thermostat Sink to Average Temperature -
Advanced

Parallel Processing

B o ][ G|
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5 — Boundary conditions.

G
¢ In the Simulation Navigator e , expand (+) the fem1.fem item
This item contains the geometry, meshes and associated materials (V|a the Collectors)
¢ Hide the Pipe polygon and its associated 2D collector (uncheck the associated

checkboxes ¥).

Constraint
¢ Inthe Loads and Conditions group, click on the Constraint Type ~ ™P¢”  button and

+- ] g fem1.fem

add a Temperature constraint| do Temperature

¢ Inthe Temperature dialog box, specify a temperature of 20°C and select the leftmost
circular face. This will set the input water in the pipe to be at a temperature of 20°C.
The water will later on be heated as it passes through the pipe.

e Click OK to validate the constraint. /

£} Temperature O X
Name v
Destination Folder v
Region M

[] Group Reference

+ Select Object (1) 4+

Excluded v
Magnitude A
Option Specify
Temperature 20 =
Multi-Layer Shells v

Card Mame Temperature
Apply Cancel

Active

(ep]
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In the Loads and Conditions group,
click on the Simulation Object

pe

Si_mulatinn
Type “YEtTPET hutton, and then
on Flow Boundary Condition

cg!b Flow Boundary Condition

In the Flow Boundary Condition
dialog box, select Inlet Flow as
Type, and set the Name option to
Inlet.

Select as object the same leftmost
circular face as previously selected,
and set the Velocity option of the
Magnitude field to 30 mm/s.

Click Apply to validate (keep the
dialog box open for the next
boundary condition).

{} Flow Boundary Condition

Type
y Inlet Flow

Mame

Inlet

Description

Destination Folder
Region
[] Group Reference

4" Select Object (1)

Excluded

Magnitude

Mode
Velocity

External Conditions

External Conditions

Heat Generated at Inlet
Tracer Fluid

Mixture

Flow Direction

Fan Control

Card Mame Inlet

Velocity

30

Ambient

Cancel

Now, still in the same dialog box, select Opening as Type and set the Name option to

Opening.
Select the rightmost circular face, opposite to the previous leftmost circular face and
click OK.
£} Flow Boundary Condition O X
Type A
S Opening -
MName N
Opening
Description v
Destination Folder v
Region A

[] Group Reference

+ Select Object (1) QJ
Excluded v
External Conditions N
External Conditions Ambient - -
External Pressure Type Absolute -
External Absolute Pressure Ambient -
Head Loss v

W
T FAVAYAYAN 0

.nnv.munnnnuvmmunv,..

|
|
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6 — Loads.

Hide the Water and its associated
3D collector and show the Pipe and
its associated 2D collector.

In the Loads and Conditions group,
click on the Load Type

fnd

Load
Type -
button, and then on

Thermal Loads | 0 Tema! Losds

In the Thermal Loads dialog box,
select Heat Load as Type.

Set the Name option to

Head Load 1000W.

In the Magnitude field, set the
option Heat Load to 1000 W. This
will model the heat source that is
heating the water through the pipe
(a coupling pipe-water will be
needed in order to “transport” the
received heat from the metal of the
pipe to the water. We will
implement this coupling later on).
As object, select the bottom most
circular face of the Pipe and click

OK. ~

£} Thermal Loads

Type
A8 Heat Load

Mame

Heat_Load_1000W)|

Description

Destination Folder
Region
[] Group Reference

« Select Object (1)

Excluded

Region Override
Magnitude
Heat Load

Reference Temperature Set
Heater Control
Multi-Layer Shells
Distribution

Card Narme Heat Load

1000 W - =

< € <€ <

“ Apply Cancel
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7 — Couplings.

We will now couple the 2D mesh of the Pipe with the 3D mesh of the Water. This will
allow the heat of the Pipe to propagate into the Water.

From now, you will have to hide and show alternatively the Pipe and the Water in
order to select the correct faces.

Simulation

e Inthe Loads and Conditions group, click on the Simulation Object Type “®&ctTre”

button, and then on Thermal Coupling (¥ Thermal Coupling

¢ Inthe Thermal Coupling dialog box, go to the Magnitude field and set the Type option
to Heat Transfer Coefficient. Set the Coefficient option to 30 W/(m?2 °C).

e Select as Primary Region the bottom most circular face of the Pipe (as previously
done) and as Secondary Region the bottom most circular face of the Water.

e Click Apply (do not close the dialog box).

{3 Thermal Coupling O X
MName
Destination Folder A4
Primary Region A

[] Group Reference

 Select Object (1) @
Element Selection Filtering A
Filter Type 0D Elements -
Excluded v

Secondary Region A

[] Group Reference

" Select Object (1) 'd} AVAVAVAVAVAVAVAVAVAY
AV&VL?;';?LVJNA‘THA‘;
Element Selection Filtering A N
Filter Type 0D Elements -
Excluded v
Secondary Region Override v
Region Side Specification A

[[] Specify Region Side te Apply to

Magnitude A
Type Heat Transfer Coefficient
Coefficient W/(m*=C) * =
Additional Parameters A
Coupling Reselution Medium A

Only Connect Overlapping Elements
Overlap Projection Direction Secondary Element Mormals -

Temperature Dependence Uses | Average Temperature -
Card Name Thermal Coupling

Apply Cancel

©
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¢ In the same dialog box, keep the same parameters. This time, use the left cylinder
surface of the Pipe as Primary Region and the left cylinder surface of the Water as
Secondary Region. This coupling will allow setting the pipe to the same temperature
as the water, as the later enters in the first.
e Save your simulation files.

£} Thermal Coupling O X
MName
Destination Folder
Primary Region

[[] Group Reference

 Select Object (1) 4
Element Selection Filtering A
Filter Type 0D Elements -
Excluded v

Secondary Region A

[_] Group Reference

« Select Object (1) e
Element Selection Filtering A
Filter Type 0D Elements -
Excluded v

Secondary Region Override v

Region Side Specification

[[] Specify Region Side to Apply to

Magnitude A
Type Heat Transfer Coefficient -
Coefficient W/(m*-=C) - =
Additional Parameters A
Coupling Resolution Medium A

Only Connect Overlapping Elements
Overlap Projection Direction Secondary Element Mormals -

Temperature Dependence Uses | Average Ternperature -

Card Name Thermal Coupling

“ Apply Cancel
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8 — Solving the model.

results.

e Click on the Solve

computation indeed converge.

Analysis Job Monitor (Cancel).

Now, as all physical parameters (geometry, meshes, associated materials, loads, couplings
and boundary conditions) are set, we will solve the model and then visualize the different

button. Keep the default values in the Solve dialog box and
simply click OK. The computations should take about a minute.
e When the Review Result dialog box shows up, click yes. In the Solution Monitor

B

dialog box, click on the Graph(s) Convergence aPhiEl. putton to check if the

e You should get a convergence graph similar at the one shown here below.
e Close the graph window, the Solution Monitor, the information Window and the

Thermal - Steady State Convergence

Maximum Temperature Change

Max, delta T

30 40 a0 G0 70
Iterations

A&M — CAD in mechanical engineering

11 Written by Christophe Leblanc




Visualizing the results. Post Processing Mavigator |

) ) Marme Color  Descri

e Go to the Post Processing Navigator i@ sim1

‘53’:_ - [z Solution 1 Simce

. In the tree, expand (+) the i Thermal-Flow Y Load

Solution 1 item, right-click on the 1 Imported Results

Thermal Flow item, and select Load in B vicumarts

the menu.
e Then, expand (+) the Thermal Flow

item.

In what follows, we will visualize different
results, such as the temperature of the pipe,
the pressure, and the velocity field an
temperature of the water.

9 - Visualizing the temperature of the pipe.

¢ Right-click on the Temperature-Nodal item and select Plot in the menu. You should
get the temperature of the pipe which varies between 20°C and 254°C. It can be
observed that the maximal temperature is reached at the bottom circular face of the
pipe, where the heat load is applied.

sim1 : Solution 1 Result

Load Case 1, Static Step 1
Temperature - Nodal, Scalar

Min : 20.00. Max : 253.77, Units = °C

253.77
! 234.29
214.81
195.33
175.85

156.37

= 136.89

117.41

97.92

78.44

58.96

39.48

20.00

[C]

[
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10 - Visualizing the temperature of the water.

¢ Right-click on the Fluid-temperature... item and select Apply. The water temperature
varies between 20°C and about 67°C. It can be observed that the water temperature at
the exit side of the pipe (right) is about 35°C.

sim1 : Solution 1 Result

Load Case 1, Static Step 1

Fluid Temperature - Element-Nodal, Unaveraged, Scalar
Min : 20.00, Max : 66.58, Units = °C

66.58
,! 62.70
58.82
54.93
51.05

47.17

il
= 43.29

39.41

11 - Visualizing the water pressure.

e Inasimilar way as done above, visualize the water pressure. There are three kinds of
pressures: total pressure (Piotar), Static pressure (Pstic) and dynamic pressure (Paynamic)-

e The static pressure (Pstaic) is the pressure applied by a fluid when it is at rest.

The dynamic pressure (Pgynamic) 1S the contribution to the total pressure by the movement

of the fluid:

'15'2

P mamic P
@ g where p is the fluid density, v its velocity and g = 9,81 m/s2.

e The total pressure is given by: Protal = Pstatic + Paynamic.
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12 - Visualizing the velocity field. EE] Viewports
g y - . Contour Plots 31.05
. . . + 15 Post View 1 R
e Right-click on Velocity... and @y Templates Translucency
select Apply. By default, NX
. Fa Edit Post View...
shows the magnitude of the
velocity field, but it is also &f Rename..
possible to visualize its directions X Deete
and streamlines. X Hidelegend
e Inthe Post Processing Navigator, /" New Query Curve...
select the Post View... item and |\ Mew Graph...
right-click on it. In the menu, < New Streamlines...
select Edit Post View. Tt I File.
e Inthe Post View dialog box, click 6 New Template
on the Display tab and set the New Anmotation..
Color Display option to Arrows:
e Inthe Edges & Faces field, set the fg oot Result
Edges option to Feature and click e Set Deformation...
on Apply to validate (do not close 7 Identify...
the dialog box).
e You should get the result shown Result  Dicplay | Deformation | Legend
below. Color Display | Arrows -
Lighted
Arrow Display Settings A
Component Display A
Load Case 1. Statc Sep 1 (1% ¥ [ Z ¥ Magnitude
V§I0f:ity - ElemeptANodal. r:Jinsa:e[;amgesd. Magnitude
Min : 1.43, Max : 36.97, Unit / VISIbIIIty CDntrOI A
36.97
I [] Display Mumeric Value
= 34.01
. [] Hide Marks Below
31.05 f/"(
’ Size A
28.09
Size by Result -
25.13
Scale % Model -
22.16
i 500 olor and Style A
500 clor | Colorbar -
Style | Line -
13.28
-
I 10.32 Faces A
I7-35 Edges | Feature w |Colar _
1.43
S Display on | Volume -
0K Cancel
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It is also possible to visualize the & Cutting Plane X

velocity field inside a given plane.

Cut Plane Absolute Rectangular « || X -

e At the bottom of the same dialog
box, set the Display On option to Show Feature Edges G
Cutting Plane, and click on the [ Show Clipped Ghost
Options... button.

e In the Cutting Plane dialog box, Clip Side | Both  ~
set the Cut Plane option to ¥ = 0.0000
Absolute Rectangular X.

e Check the Show Feature Edges I
option and set the Clip Side option -3.000e-+01 3.000e+01
to Both.

e Finally, click OK, followed by . Apply || Cancel
Apply on the Post View Dialog
box.

e You should obtain the velocity
field at the middle of the pipe.

sim1 : Solution 1 Result

Load Case 1, Static Step 1

Velocity - Element-Nodal, Unaveraged, Magnitude
Min : 1.43, Max : 36.97, Units = mm/s

36.97

! 34.01
31.05
28.09 (I
25.13

22.16

- 19.20
™

16.24

13.28

10.32

7.35

4.39

1.43

[mmi/s]
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We will now visualize the © Post View ) X
streamlines. Result = Display | Deformation Legend
. . Color Display | st li -
e Inthe Post View dialog box, set . [ streamines |
back the option Display On to S _
Streamline Display Settings A
Volume.
e Set the Color Display option to Seedset A
Streamlines. eiocity - Element-Nodai |
¢ In the Seedset field, click on the Seeds  None Avzilable J‘H’ Create.. ‘
Create... button.
e Inthe Seed Set dialog box, check ~
the Select Nodal Location check No Data | lgnore -
box, set the Pick option to All on Value Sharing Average v
Face, and click on select Exterior
Point. Color and Style A
p  Select the left (inlet) face of the Style Line v
plpe ‘Line Weight |Norma| v|
b Set the Extract option of the Color | Result -
Extraction Parameters field to
Downstream and click OK. Edges & Faces A
¢ Inthe Post View dialog box, click Edges [Feature | cotor
OK. Fill
¢ You should get the below result.
Display on |‘u’o|ume - |
G Seed 5o

Seed Point ‘ Select from Model - |

Step
- Element-Nodal, Unaveraged, Magnitude
i Min : 1.43, Max : 36.97, Units = mm/s
Select Modal Location Streamiines : Velocity - Element-Nodal, Seeds : Seed Set 1

ﬁ?i Auto I35,97
(®) Select Exterior Point + Auta - 3401

(") Select Point on Cut Plane

31.08

Pick |{All on Face "| Boolean Operation IEI 28.09 C\.‘r

10.0000 "3¢_ @ e
22.16
I 19.20
Seed Set Mame | Seed Set 1 | I 1624
’H 13.28
I 10.32
7.35
439
143
Extraction Parameters v e

ook [ meey |
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We will now animate the streamlines with particles.

‘o

) i Animat
e Click on the Results tab of the toolbar, and then on the Animate rimate button.

e In the animation dialog box, set the Animate option to Streamline and click on the

Play g button.

e You should get particles travelling on the streamlines from the inlet (left) to the
opening (right).

e Do not forget to save your files.

A&M — CAD in mechanical engineering 17 Written by Christophe Leblanc



