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Summary and work-flow

This tutorial explains the work-flow to set-up and run a 2D Flow Simulation in Simcenter NX12. Its targeted
audience is anyone without any particular prior knowledge of NX Simcenter Environment. It explains in de-
tails the basic actions in order to perform a simple fluid simulation. It is meant to be used as a quick-guide to
lead rapidly to a first solution. The reader can off course refer to the official NX help for any required further
explanation or when his needs deviate from the simple example presented in this document. The tutorial is
based on a simple test case : the study of a 2D turbulent incompressible flow in curved pipe. The following
list explains in brief the work-flow and main steps needed to perform a flow simulation in SimCenter NX12.

1. Create the fluid domain (. prt file)

— The fluid domain for the simulation has to be created by using the internal CAD within Simcenter
NX. Basically, for a 2D simulation, the geometry is completely defined with the sketcher. A solid
body is then created by extruding the sketch to a small thickness.

— To prepare the meshing, the solid body can be splitinto multiple simple geometric shapes.

— At the end of this step, you shall have a saved yourproject.prt file.

2. Mesh the body (. femn file)

— The fluid domain is meshed using the internal mesher of Simcenter NX.

— First, meshing constraints have to be set on the edges of the bottom face of the body : number
on edge, size on edge or biasing on edge (for a boundary layer).

— Then, 2D mapped meshes have be created on all faces of the bottom face of the body.

— The 2D meshes are then copied onto the other face and swept along the thickness of the part in
order to generate 3D meshes with only one element along the thickness.

— At the end of this step, you shall have a saved yourproject_fem. fenfile

3. Specify material properties and set the simulation constraints (. sim file)

— Different simulation objects have to be created : fluid materials, boundary conditions, initial
conditions. At this stage, some measurements of interest for the simulation analysis have to be
defined : force on a face, min/max velocity/pressure within a given area,...

— Atthe end of this step, you shall have a save yourproject_sim.simfile, ready to be “solved”.

4. Solve the simulation

— Thesolution attributes have to be set : steady state or transient, turbulence model, use wall func-
tion or not, data fields to be retrieved,...

— The solver parameters have to be set : relaxation time step, convergence criteria, number of ite-
ration limits,...

— Finally the simulation can be run. At the end of this step, you shall have run the simulation and
the solution shall have converged (or not) to a result after some iterations.

5. Export and analyse the simulation results

— The solution verbose and the convergence graph should be reviewed within the “Solution Moni-
tor” window.

— Theresults can be loaded in order to plot the field of interest : velocity, pressure maps, 2D graph
along a path, streamlines, ... A html report with extra results (force on a face for instance) is also
generated if it was defined at step 3.

— Atthe end of this step, you can save again your working .sim file as a reference before experimen-
ting with different meshes, constraints or solver parameters.

Each step will be explained with more details using a practical example in the following chapters. Extra do-
cumentation about workflow for Flow simulation can be found here:
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128419:index_advanced:id1245911:
id629501


https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128419:index_advanced:id1245911:id629501
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128419:index_advanced:id1245911:id629501
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Physical context of the tutorial

We consider a 2D flow in a pipe (unit depth) of water (incompressible, viscous, steady-state). The velocity
atinlet is uniform at U; = 0.34 m/s and the outlet is at ambient pressure (po = 0 Pa in relative). The pipe
diameteris D = 65 mm and its total length is L = 2.78 m. This tutorial will compute the entire flow but
under some assumptions, we can estimate theoretically the pressure drop Ap = p; — po between the inlet
and the outlet, due to viscous loss.

b2

T S

Because the fluid is viscous, it is not allowed to use Bernoulli equation. Nevertheless, by neglecting entrance
effects and taking the mean velocity & = Uq, the pressure loss can be computed with the Darcy-Weisbach
equation (adapted from a 3D cylindrical pipe to a 2D plane pipe),

L 2
Ap = f@PUl

with f the Darcy friction factor, obtained (experimentally) for a turbulent flow in a smooth pipe (here, Re =
YD — 2210* > 2000 thus turbulent) with ﬁ = 2log(Rey/f) — 0.8 or with Moody diagram. We found
f =0.0253 and thus Ap = 31.2 Pa.

Physically, the most important part to understand in the numerical setup in the boundary conditions choice.
The fluid is entirely described by Navier-Stokes (NS) equations (differential equations for 4 unknowns : 3
components foru and 1for p). 4 boundary conditions are thus needed to solve the computation. Velocity and
pressure are linked together thanks to NS equations, when one is known, the other to. Boundary conditions
are needed for the whole control surface. Here, the velocity isimposed at the inlet (3 values) and the pressure
at the outlet (1 value). The rest of the control surface is a wall, for which the condition is a no slip wall (here,
we have a viscous flow, with zero velocity at the wall). When the flow is turbulent, a special treatment of the
wall has to be done, using a wall function (modelling the turbulent boundary layer, more details in section
7.1. If the flow is inviscid the condition is a slip wall (or equivalently, impose a zero velocity across the wall).
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1 Create the fluid domain

Before to open NX12, be sure that you are connected to the network of ULiege (via the VPN BIG-IP Edge CLient
). If you connect for the first time, type Licensing Tool in Start Menu and select these bundles. Afterwards, you
can start NX12.

A% Siemens PLM Software Licensing Tool - O X

SIEMENS

e o Available Bundles: Applied Bundles:
=~ Bundle Settings

Fibersim for NX Academic Fee | NX Academic Renewal Fee
Borrowing Settings

Fibersim for V3 Academic Fee | MX Academic Bundle Tyr CAE+ ..

1[4
|

J Siemens PLM Software Licensing Tool - a X

SIEMENS

wﬂ Environment Settings

0 About Licensing Tool Bundle Components:

7 B S
ﬁ Bundle Settings CENSE Server

License Server: 28000@pegase. tas.ulg.ac.be Edit
Borrowing Settings 28000 se.ltas.ulg.acbe
Connection status: Successful
- . e
<. Environment Settings Sold To ID: 1471462 - Universite de Liege
Webkey: GQSMYSM368
0 About Licensing Tool Issuer: SIEMENS
Version: 1113

Siemens Licensing Version: 8.0

1.1 Create an empty model

File > New > under tab “Model” select “Model” > OK

Be sure to create the file inside a new folder, on your Desktop for example, or in a place where you have
written access. All next files will be linked to this first file. when NX will computes results, they will be saved
in this chosen folder.

NX 02 0 o Fo N - - 5 X

m Home  JRIocE Machining Line Planner Manufacturing Inspection Mechatronics Concept Designer Press Line Line Designer Ship Structures pmane O] =, & @
3 = o]
D r ? **.:L) _15—,:_| Ship General Arrangement Model DMuU Drawing Layout Simulation Additive Manufacturing
¢ s
Mew Open Opena Assembly Templates A Preview A
Recent Part~ Load Options
Standard Filters A -
=5 Menu ~ -
= Menu Units | Millimeters -
fod Reuse Library
= Marme Type Units Relstionship Owiner
a&eR f— 4 Model Stand-al AUTORITE ..
i@ - Feuse :mp Esb‘ o £ Assembly Assemblies Millimeters Stand-alone AUTORITE ..
<t ti
s %ra Ener fssembly ConTgUIsKEl | Shape Studio ShapeStudio  Millimeters Stand-alone AUTORITE ..
o ts
= o Faverttes &) Sheet Metal Sheet Metal Millimeters Stand-alone AUTORITE ..
(i) ] Routing Logical Routing Logical Millimeters Stand-alone AUTORITE .. d
) Routing Mechanical Routing Mecha... Millimeters Stand-alone AUTORITE .. roun
@ LY Routing Electrical Routing Electrical Millimeters Stand-alone AUTORITE ... Properties A
[ Blank Gateway Millimeters Stand-alone none MName: Model
D Type: Modeling
Units: Millimeters
Last Modified: 09/11/2017 06:07 AM
£ Description: NX Example with datum C5VS
New File Name A
Name | modell prt |
Folder | \Home\Desktopitutol | ==
Part to reference A
<
Member Select
Preview v



https://my.segi.uliege.be/cms/c_11650735/fr/mysegi-new-vpn
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You shall have this view and you are ready to create your part.
=] - r}lj:rjswit:thdaw DWmaaw-:| MX 12 - Modeling SIEMENS _— & X
Home Assemblies Curve Analysis View Render  Tools Application S =B a e
[NE = < Pattern Feature , f.\'rfhamfer _ «In [ Offset Region - + i Assembly Constraints
Lﬂ O / . L-J »:—'ﬂ1 IOJj @ unite ~ L a £ Trim Body e 5 (& Replace Face =~ 4p Move Component
seth | ™ () 4 o ptum Bdude Hole e chen BogE . @ Drait My WO G Deeteface  MU® Surface Add -+ Pattem Component
Start oo sieten - Feature Synchronous Madeling pssembliss - Navigation tools
5§ Menu~ | No Selection Filter + | | Entire Assembly v - B Qe / /A LA A0+ /T @8 |7‘: OO w H-&-9 |' W
© | vart Naugator o
Name 4 Up to Date
I‘_‘;,_ + B Model Views
| 447 @ Cameras
P | |- [ Model History
=i [ Datum Coordinate S..
a_
k@ Arborescence (design history)
o
N
ik
g < > z
Dependencies v ' i
Details v Ty
Preview v

NX12 is based on an tree structure (the left blank panel) where you can check what you have done, go back
and modify previous steps. If you have several files opened in NX12, click on the top tab Switch window

' switch Window {0 navigate.

To navigate in space, you can use rather navigation icons *

|
LR Y

|

or using a mouse:

Useful shortcuts are available when holding down the right mouse button.
Clicking the central mouse button and dragging will rotate the view.
Clicking the central mouse button, then the right mouse button and dragging will move the view. You

can dothe same more easily by holding down the SHIFT key and clicking only the central mouse button

and dragging.

Rolling the mouse wheel will zoom in/out.
As you work in a sketch plane, if you unintentionally moved the view out of plane, you can use short-

cut SHIFT+ F8 to get back to the top view. You can also choose a point of view (on a plane, isomeric...)

using
&-@-w

leme|
OLd
0

1.2 Create a 2D sketch

5
Click “Sketch” in the upper left corner e
You can keep the default coordinate axis > OK

{} Create Sketch
Sketch Type

] On Plane

Sketch CSYS
Plane Method
Reference

Origin Method

Specify CSVS

O X
A
v z
A
Inferred - Y
Horizontal -

Specify Paint

‘

Wk -"'}lq M

Cancel

~+ Origin of Datum Coordinate System(0)
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1.3 Draw the fluid domain

Draw the fluid domain and eventual obstacles using the tools under Direct Skecth : Rectangle, Line, Arc,...
Here, we have an internal flow, so we draw the fluid inside the pipe. For an external flow around a body, your
fluid domain will be what is around the body.

Draw the following sketch using the Line ~~ command. The dimensions do not have to be the same at this
moment, only the general shape matters.

=R /= & 55 switch Window [T Window + 3 NX 12 - Modeling SIEMENS _ & X
m Home Assemblies Curve Analysis View Render  Tools Application 8= o a
& | b - 2 o- - @ Patter Feature <3 [ Chamfer <N @ Ly
B R O + e B L] O @ - E > &
-J;ﬂ | / '\\ O \ . [ LA []j i nie - {__ 1 Tim Body 5 R P G a
Sketch Finish %\, r & £ £ Rapid More  Datum Exrude Hole Edge More  Move __  More + add -
Sketch A ‘\\ ‘\‘( K B 5 pimension+ - Plane ~ € Shell Blend~ < Draft - Fae @R .  Surace s
Direct Sketch M Feature " Synchronaus Mod... Assemblies
S5 Menu~ | o Selection Filter | [ Within Work Part 0 [#] - @S S LA ARO el BOO e FE~& -G -~
fod Part Navigator [m} EERILL [
Name & Up to Date
L,_ +- &L Model Views
|+ @ Cameras
P | 4[5 User Expressions
[mi =
- [ Model History
a_ (At Datum Coordinate Sy...
Fe [AGE Sketch (1) "SKETCH... Input Mode
i
it Xy I
(o)
- Y
e
=N
—+ Sketch Origin
& T Length | [EHII
< > ¥ Angle | 270
Dependencies v L
§ X
Details v
Preview v
Select the second point of the line Existing Point - Sketch Origin =

Closed sketch : To be sure that your sketch is a closed contour (to be able to create a solid body in section
1.5), be sure that you select the same point when drawing intersecting lines (orange point). NX12 helps you
to draw vertical or horizontal line by adding some orange dashed lines.

Delete : If you want to delete/modify an element, be sure to deselect the tool you used first (if you not, you
will still be in drawing mode). Right click on the element you want to delete and select * (or click on the
element and CTRL+D).

Element selection : The different elements are selected just by clicking them successively, there is not need
to hold down CTRL key. To deselect all : press ESC. To deselect one item only : click it with left mouse holding
down SHIFT

Dimensions and constraints : You will see that grey dimensions appear automatically in such a way to fully
define your sketch. These are auto-dimensions but not constraints so your sketch is free to move. To add
constraints, you can either
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1. Double-click on grey dimension and adjust the value to make them constraints, they will appear in

dark blue color.

& Linear Dimension X
References A

iE

v Select First Object
v Select Second Object

Origin A
¥ Specify Location 3
Measurement A
Method # Point-to-Poil ¥
Driving A
[JReference

p7 = 2000 mn v p7

©Remove Expression, Measure Geometry

OKeep Expression, Adjust Geometry

2000l

2. Select a segment, right click and then choose horizontal/vertical dimensions

-1 s

A

i

Horizontal Dimension

B % B X
o

Creates a horizontal distance
selected pints.

3. Add more complex constraints, like parallelism, same lengt

=l

constraint between two

h, perpendicularity, etc.. by selecting suc-

cessively different elements and then choosing suggested constraints.
Dimensions constraints can be found under Direct Sketch > "Rapid Dimension". You can also find all

constraints under Direct Sketch > More > "Sketch Constraints

n

Z"l o - O = ; h <3 Pattern Feature <3 &y Chamfer
[+ i s I g 2 111 _ E
= h P Unite ~ (7 Trim Body
Rapid Maore Datun Maore Datum Extrude Hole o Edge Mare
Dimension ~ - Flane - = Plane = - & shell Bleng» P Draft M
=+ Rapid Dimension D Recently Used

. Geometric Constraints

Sketch Constraints

. Geometric Constraints
(= Perimeter Dimension
@1 Display Sketch Auto Dimensions

k= Linear Dimension
R . . .

= Radial Dimension

L‘_J,_ Angular Dimension

ﬁ Perimeter Dimension

For this tutorial you should have the following constraints.

9=65,0

pj’_ Display Sketch Constraints

[¥] Make Symmetric

pj/_ Display Sketch Constraints

p8=55,0

1000,0

p7

p10=2000,0

Sketch is fully constrained

It shouldn’t contain any grey dimensions (auto dimensions) but only dark blue constraints (px = ...). This

means the sketch is fully constrained. "Sketch is fully constrained

"will appear at the bottom of the window.

If you have red/purple constraints, it means that your sketch is over-constrained, you should remove some

constraints in this case.
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Draw a round corner : Select the Filet tool | in Direct Sketch and then successively the two inner legs of

the corner. Repeat with the two outer legs. You should have the following sketch with two additional degree
of freedom, being the two arc radius.

p8=650

p9-85,0
=
P7=1000,0

-

p10=2000,0

Sketch is fully constrained with 2 auto dimensions

To keep a constant section for the pipe, you will select the two horizontal legs of the pipe and force them to

the same length as shown-here below. Because of the other constraints, imposing only the two horizontal
legs is enough.

p8=65,0

. -

1000,0

. -

p9=85,0
p7:

AP S B X /Lt WELe
:t: | S A % Equal Length
A -

§—] Comsains o or mareselectedines o be of gual
| o length.

p10=2000.0 |
1

Line "Line1’ selected - total 2

@ =

The only remaining degree of freedom is the radius of the outer arc that you should force to 400mm. The
final sketch should appear as follows.

p8=65,0

=1000,0

65,0
pr

p8=

p10=2000,0

Sketch is fully constrained

1.4 Finish the sketch
When you are done with the sketch, Click "Finish Sketch" in the upper left corner
¥

Finish

Sketch
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1.5 Extrude

Select your sketch>Click "Extrude" under Feature toolbox > Choose an extrusion length (end distance) of 10mm
(for example) > OK

NX H 9 - [ - «» = switch Window [7] Window ~ = NX 12 - Modeling SIEMENS  _ & X
“ Home Assemblies Curve Analysis  View Render  Tools  Application S ®a @
B Tl | =4 < Pattern Feature < Chamfer 7w [ Offset Region + i Assembly Constraints
& wo./ Ok &: = s @S : & :
. = i@ Unite + - 7 Trim Body @ Replace Face & & Move Component
Sketch F‘\ O =+ = E::L"l Emfde Hole & shell EIE:r?dE' 4 Draft More h;::: (5% Delete Face Mem Surface A‘id * Pattern Component
Direct Sketch T Feature Spht bGdY Synchronous Modeling M Assemblies T T
_ ; _ v -
S§ Menu - | No Selection Filter v | | Within Work Part 0~ - G U - D U@ | infer Curves MBS oo & - w
WM r .
| Part Navigator m - modellprt O %
Name & nfa Dats
T & Model Views Iitels O X
7]
+ '@ Cameras  Section A
»d [ User Expressii
o [&5 Model Histor ¥ Select Curve (0) @{ m
8_ (At Daturr
] A5 Sketcl
W Direction v
Limits A B4 Feature Curves : SKETCH_000:Sketch(1)
& - Py .
Distance o mm v
2] End i@ Value -
Distance 10)] mm -
[?T-? [] Open Profile Smart Volume
= Boolean A
=N
Boolean (None) @ Inferred -
ik Select Body (0) 7]
<
-
Dependencies
Cancel
Details
Preview v | +
Select planar face to sketch or select section geometry Feature Curves : SKETCH_000:Sketch(1) =

By rotating the view with the middle mouse button you can verify that you have now a 3D solid body (if you
did not have close your sketch, it will be a shell).

1.6 Split body to prepare the meshing

To make a consistent meshing with quadrilateral elements, and be able to apply specific mesh constraints
on domains, the fluid domain has to be divided in simple geometries : triangles or quadrilaterals, possibly
with curved edges. Thus, we will split here the body in 3 parts thanks to two small edges at the connection
between the straight entry and the rounded turn.

Under Feature toolbox > More > Trim > "Split body"

o P&fchamfer “q B
[-.’ (3 Trim Body r{% Ecﬁ%b E:“

- =
Edge More  Mave
Bleng~ P Draft - Face O

Recently Used
(T3 Split Body
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Select your body, choose "Extrude” under Tool Option and then under Tool > Section > Select Curve > Click on
"Sketch Section".

Target A Sketch Type A
¥ Select Body (1) ] SO Plane -
Tool A
Tool Option Extrude v Sketch CSYS A
Section A Plane Method Inferred v
v Select Curve (2) & |y Reference Horizontal v
Direction A Origin Method Specify Point ¥
 Specify Vector oL T,SketCh Section Specify CSYS S A~
. Cancel Cancel

Draw split limit : After clicking on "Sketch Section”, you will enter in a temporary sketch, where you have to
first select the system coordinate (same as before, CSYS).

You should split the body in three parts by adding two perpendicular lines at the entry and exit of the corner.
You should also have this new sketch fully constrained. When you are done with the sketch, Click "Finish
Sketch" in the upper left corner.

NX " % / ~ @ #Switch Window O Window~ ¥ NX 12 - Sketch SIEMENs - O X

Home Analysis View Tools Plamae
¥ SKETCH.001 v 53] 0/ ™ O 4+ *StudioSpline @ Polygon A W iFillet = ”" [ v/
Finish & Orient to Sketch Profile Rectangle Line Arc Circle Point ©Ellipse > Conic ~ Quick Quick “iChamfer
@ Reattach ©Offset Curve Ji Pattern Curve ~ Trim Extend 4 Make Corner
Sketch - Curve
“Menu~ |No Selection Filter ¥ | Within Work Part Only ~ @y v @ERA  HE A QO ey BEosLEYB Y e vy

Rapid ~ Geometric ~Make Display Sketch
Dimension ~ Constraints Symmetric Constraints ~

PRI

Constraints - -

© Part Navigator [l - tutorial2017.prte <

= Name Upto.. Comm..
24 +%Model Views
+v®Cameras
+i5User Expressi...
[F&Model History
2% Datum Co...
28 Sketch (1)..
2aExtrude (2)
2asplit Bo.

Y &

&

ERRRNRY

L)

Check want you
have done in the
arborescence

Input Mode
XY/

Length./ Line3 of SKETCH_00(
Angle 0

Dependencies v {

Details v ‘
Preview v +

Select the second point of the line End Point - Line13 of SKETCH 000 L

Make sure to tick the box for “Keep Imprinted Edges” under Settings and click OK. By doing so, the software
automatically creates Glue Coincident type mesh mating conditions between the bodies when you switch to
the FEM file. You should inspect these mating conditions and ensure that they were created at all appropriate
locations

& Split Bod o

X
X

Target A Target A
| J @ « Select Body (1) @
¥ Select Bo 1
AU Tool A
Tool A Tool Option Extrude v
Tool Option Extrude - Section A
]y
Seciom A v Select Curve (2) ]
% Direction A >
v Select Curve (2) s P —— A '\_//
Direction A Sett A
ettings
¥ Specify Vector s~ Tolerance 0.0100 +
=
) - N Preview \4
More: Click to see all dialog B

options. Cancel
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When drawing split limits, your elements should referring to the first sketch geometry. By doing so, if you
change a dimension in the first sketch later, this split body and the meshing will follow and adapt automa-
tically. If you want to split the body in more complex parts inside a body part, start from the new split body
part and re-do a split body procedure (example in section 6. You should end up with this design,

Make sure you save your model as a yourproject.prt file. Do not hesitate to save it often using CTRL+S.

Sketch tutorials can be found here:
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:id1251042
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128417:index_sketcher:id188016:id771117

Sketch video examples can be found here :
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128417:index_sketcher:id1389302


https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:id1251042
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128417:index_sketcher:id188016:id771117
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128417:index_sketcher:id1389302
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2 Mesh the body

2.1 Create a mesh file

— File > New > under tab “Simulation” select “Simcenter Thermal/Fow” with type “Fem” > OK Be sure to
save it in the same folder as the . prt file, under another name (using name_fem. fem for example).

— Keep the box “Associate to Master Part” ticked.

— Inthefield “Part”, you shall select the part you just created.

— Untick the box “Create Idealized Part”. This option is used when working in team on the same part or
if the part has to be simplified for the simulation but the original design has to kept unaltered.

— Select Solver “Simcenter Thermal/Flow” and Analysis Type “Flow”. Click OK.

£} Mew FEM O X
FEM MName A

tuto2018_fem.fem

CAD Part A

Associate to Master Part

Part | tuterial2018 M=)
|dealized Part A

[ Create Idealized Part

Bodies A
Bodies to Use All Visible -
Polygon Body Resolution | Standard -
Geometry A

Geometry Options...

Solver Environment A
Solver Simcenter Thermal/Flow -
Analysis Type | iFlow R
Mesh Morphing A

[] save Full Merphing Data

Description A

Cancel
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2.2 Verify that the different split bodies are connected

First thing to do, is to verify that the different polygons created by the split body command are correctly
connected to each other. It is OK if there are two elements under Connection Collectors > MMC Collection >
mmc_split (Mesh Mating Conditions, just check if they are present).
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Ifit appears that two polygon bodies have common face but are not connected, you can add the connection
manually by clicking Mesh Mating under Connections toolbox.
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2.3 Add the meshing constraints on the body edges

Mesh Control > choose in the dropbox the constraint you want > Select all edges for which you want to apply
the constraints > Click the preview button > OK.

A L2l < Mesh Control O X

3D 2D Mesh - papsity Types A
Tetrahedral Mesh Control
= Number on Edge A
Mesh

S hod “ Number on Edge
/| No metho = Size on Edge

m -+ Chordal Tolerance on Edge

+ Biasing on Edge
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Here, we will set the mesh constraints, on one face only (upper face of the extrude, be sure to select always
edges from the same face).

Biasing on edge : we will apply on the 4 perpendicular section a “bias on edge” with option “Center of edge”,
30 elements and bias ratio of 1.12 to have smaller elements close to the wall where the velocity gradients are
more important. The orientation of the orange arrow does not matter here because the biasing is centered.
Remark : A matching edge between two polygons should be specified once only. NX12 automatically applies
the mesh constraint on both sides.

£} Mesh Control O X
Density Types

£, Biasing on Edge -
Selection A
 Select Targets (4) &

Biasing on Edge A
Bias Origin Center of Edge -
Number of Elements 30 3
Bias Ratio 112 ~

Auto Size 7

Preview A

Hidutomatici [6

oK Cancel

Size on edge : Next, you force the elements size to be 10mm on the entry and exit lateral sections. You shall
put all those constraints in the same plane, here the upper plane.

£ Mesh Control O X
Density Types

2 Size on Edge -

Selection N
 Select Targets (4) 4

Size on Edge A
Location on Edge Overall -
Element Size 10 mm -

Auto Size Fd

Repeat the same operation and set a size on edge of 5mm on the outer arc of the corner.

£} Mesh Control O X
Density Types
&y Size on Edge -
Selection N
 Select Targets (1) 4
Size on Edge Az
C
Locati Edge Overall -
Element Size 5 mm v
Xc
Auto Si ¥4
Preview N
. 2
Automatic C

oK Cancel

Number on edge : you shall also set the short edges along the thickness (z-axis) to have one single element,
as the simulation is 2D. Do not hesitate to zoom a lot on the thickness and to rotate the view to be sure only
the small thickness edge is selected.

€ Mesh Control O X
Density Types A
&, Number on Edge -
Selection

+ Select Targets (3)

Number on Edge
Number of Elements
Auto Size

O Minimum Element Size
Preview

Automatic

Apply || Cancel
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Tips : You can set a constraint on multiple edges at a time. For the biasing on edge (especially useful for
boundary layer), you have to select the orientation (start of edge, end of edge or middle of edge) and it
varies from edges to edges depending on the edge natural direction.

You can always modify constraints already defined by double click on it in the arborescence. You can also
rename the constraint to identify it more easily.

@ tutorial2017_fem.fem & Mesh Control O X

@ tutorial2017.prt Density Types A A
+¥=Polygon Geometry +Biasing on Edge .

—B%Mesh Controls
—®@<Edge Density Selection A

GlBias_ on_egde B| v Select Targets (4) +

@ Lateral_straight

@ Lateral_corner Biasing on Edge A
@ Thickness Bias Origin Center of Edge ¥
+@% Connection Collectors Number of Elements 30 3
=CSYS Bias Ratio 1.12 v v
& Selection Recipes Apply  Cancel

=Groups

For more complex geometry, you can set the view to static wireframe to view all your constraints at once. An
edge density is shown with a yellow diamond, see here-under.

mEAOCsLE~e~Brw~y A%BwE v
= ® Shaded with Edges
® Wireframe with Dim Edges Polygon Edge|

® Wireframe with Hidden Edges
® Static Wireframe

2.4 Create 2D meshes

You can now mesh the face by using 2D mapped mesh. Of course you should mesh the plane on which you
defined the mesh constraints. Make sure to create one 2D mesh per face at one time (we have 3 bodies in
this case), to obtain 3 meshes and be able to use the 2D dependent option (see section 2.5).

Mesh > More > "2D Mapped" > Click the face where you set the edge constraints. Select either QUAD4 or TRI3
elements. In this tutorial we select quad (structured) elements. When working with quadrilaterals mesh, if
you have correctly set the edge constraints, the “Element Size” parameter should have no effect and can be
left to a default value. Click the icon next to “Show Result” to get the preview before clicking OK.
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Mesh all the other polygon faces of the plane similarly (3 in total). In more complex geometry, make sure not
to over-constrain the mesh. At the end, you obtain 3 shells below "2D Collectors". Each shell contains a 2D
mapped mesh (3 for the 3 parts of the upper face only) : do not mesh the face along the thickness, this will
be done in the 3D mesh section.
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Home Nodes and Elements Results View Application PlEse
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. +@=Polygon Geometry (Filter
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s 22d_mapped_mesh(1) B Eleme...
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+@%Shell(3) (Filter

€ +2%Mesh Controls
[8) +3%Connection Collectors

Every time you generate a 2D mapped mesh with quadrilateral elements, the constraint of one edge is repor-
ted to the opposed edge. This constraint appears as “Mapped Mesh Edge Density” in the arborescence and
as blue diamond in the main view (see image here- above). This also means there might be a logical order
on how to mesh the different faces.

2.5 Create 2D dependent meshes on the other face

In order to have a pure bidimensional problem, the mesh has to be identical on both upper and lower faces
of the solid. To save time, we can copy paste the upper 2D mesh of each upper face on the bottom one,
thanks to 2D dependent mesh option (proceed for the 3 existing 2D meshes separately).

Mesh > More > "2D dependent" > Select the master (upper) face (already meshed) > Select the corresponding
face on the opposite side (lower) as the target face > OK.

Repeat the process for all 2D meshes separately. Sometimes, the selection of the upper face as the "Master
Face" is not possible/easy : in this case, check that you have created one 2D mesh for each upper face (see
section 2.4) and rotate the view in 3D to be able to select it.
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Now, all 3 shells (below "2D Collectors") contain two 2D meshes (the "2D Mapped" and the "2D dependent”
ones, see the figure below in section 2.6).
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2.6 Create 3D swept mesh

At this stage, when only have 3 shells, each one composed of 2 parallel 2D meshes (upper and lower faces).
We will construct the 3D mesh by sweeping the 2D meshes (for the 3 bodies separately). We will now use the
mesh constraint along the thickness.

Mesh > More > "3D Swept Mesh" > Type "Until target" > Click the upper face with the 2D mapped mesh, then
click in the dialog box to select the target face and click on the lower face of your polygon > OK

You should use HEXAS if you have 2D map with QUAD4 elements. Here again, the “Source Element Size” pa-
rameter should have no effect if you had correctly set a constraint of 1 single element on the edges along
thickness.
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Proceed similarly for all the 3 polygon bodies. You will obtain 3 Solids under "3D Collectors"”, each one contai-
ning a 3D mesh. You can verify that you have well a 3D mesh with only one element for the whole thickness
and that the top and bottom meshes match such that the elements are vertical prisms. You can again use
the static wireframe view.

Name C Status  Filter

@ tutorial2017_fem.fem Display...
Stutorial2017.prt Not Lo...

+®&Polygon Geometry (Filter

+@%Mesh Controls
+@% 2D Collectors
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Do not forget to save your project as yourproject_fem.fem

Remark : Even if the extension changes from the yourproject.prt, it seems it can’t have the same name and
you should append _fem to the file name.
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3 Specify material properties and set the simulation constraints

3.1 Create asim file

— File > New >under tab “Simulation” select “Simcenter Thermal/Fow” with type “Sim” > OK

— Inthe field “Associated FEM”, you shall select the fem file you just created.

— At this stage under Solver Environment/Analysis type, it appears “Thermal” instead of “Flow” but you
will be able to change it on the next dialog box.

— After changing the Analysis Type to "Flow", Click OK, as it will still be possible to change all these solu-
tion attributes before running the simulation.

£ New Simulation O X £ Solution O X

. . i A
Simulation Name A Solution
X X Narne Solution 1
sim1.sim
Sohver Simcenter Thermal/Flow -
Associated FEM A Analysis Type | Flow -
" Solution Type  |iFlow -
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D Preview Flow A
- Solution Details Description O
Layer Placement A olution Units ;
Solve Options s
mbient Conditions
Layer | Work - nitial Conditions Run Directory Current Simulation -
X Flow Solver Selection Serial Solver -
Solver Environment A
Turbulence Model Mixing Length -
ransient Setup
Sohver: Simcenter Thermal/Flow | B
! i Results Options L] Buayancy
Analysis Type: Thermal T e N
Description A Solution Type Steady State -
| Advanced v
v

Parallel Processing

3.2 Set the materials

In the arborescence, expand the "3D Collectors" and double-click every single "Solid". Then, on the left of
"Type", click on the symbol @ to v "Apply Override" for both the "Type (Pure Substance)" and the "Material".
On theright of "Material (None)", select "Choose material” and then select the material substance within the
catalog : "Water" for this tutorial. Repeat the same for every single "Solid".

+@s Polygon Geometry & Override Mesh Collector Attributes O X & Override Mesh Collector Attributes X
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Tona Pure Substance v Type Pure Substance v

+@%Soli i :
,JSOlfd(‘l) ¥ Apply Override  apply Override T —— None v @
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& Selection Recines

<

3.3 Setthe boundary conditions

3.3.1 Flow Boundary Condition: Define the inlet and outlet conditions : Loads and Conditions > Simulation
Object Type > "Flow Boundary Conditions"

Load Constraint Simulation Region Solution
Type*  Type*  Object Type = -

Load d
oa sa_n '@' Deactivation Set

Fe

S L @k Disjoint Fluid Mesh Pairing
utornial2017_sim.sim
[ Flow Blockage

c&’ Flow Boundary Condition
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— Inlet Flow : to set a velocity (input). In this tutorial, you will set "Velocity” Mode to 0.34 m/s (input
velocity at the extremity of long leg of the pipe (on the inlet face)).

£} Flow Boundary Condition I X
Type A
% Inlet Flow -
MName v
Destination Folder v

Region

[] Group Reference

« Select Object (1) ETJ
Excluded v

Magnitude A

Mode Velocity -

Velocity ms v =

— Opening:to set a pressure (output). Select External Conditions "Ambient"” pressure at the extremity of
the short leg (outlet face).

€} Flow Boundary Condition 2 X
Type A
[ Gpening I~
Name v

Destination Folder
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« Select Object (1) Elj
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External Conditions A

External Conditions Ambient ~ () w

External Pressure Type Absolute -

External Absolute Pressure Ambient -

3.3.2 Symmetry Plane : On the upper (and lower) face of the solid, you can impose "Symmetry Plane" to
ensure a pure bi-dimensional problem. You can select all faces on one side simultaneously (all 3 faces on the
upper surface for example then apply and proceed the same for all 3 faces on the bottom surface), but make
sure not to select upper and lower faces together.
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&
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Region A
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+ Select Object (1) 7]
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Card Name 3D Flow Symmetry Plane

OK Apply [l

3.3.3 Boundary Flow Surface : The faces along the thickness (6 polygon faces in total) represent the walls
of the pipe. For them, choose "Flow Surface", with a "Type" of "Boundary Flow Surface". For the "Wall Treat-
ment", select either "Slip Wall" (inviscid fluid) or "Non-Slip Wall" (viscous fluid, zero velocity at the wall), de-
pending on the problem. At the end every single face should have a boundary condition. For laminar flow,
you can keep "Non-Slip Wall" but when you use a turbulence model, you have to change it to “Wall Function”
(see section 7.1).
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v Select Object (6) @
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Surface A
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You can rename and change the color of the boundary conditions. You can untick the box later in the tree
structure (under Simulation Objects) for more clarity.

+ D% Connection C...

i Fields
+ MR C5YS
[ Selection Recipes
[ Groups
i Fields
&ﬁ Modeling Objects
[ Regions
- (A< Simulation Objec...
W @ Inlet flow . Active
i @ Opening W Active
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7c ¢

3.4 Settheinitial conditions

Loads and Conditions > Constraint Type > Initial Conditions

Setting the initial conditions should speed up the convergence to the solution. In this tutorial, this is not
necessary.

3.5 Prepare report for forces on walls

At this point, you will prepare the computation of the forces on the walls (the corner and the legs of the pipe).

Simulation Object Type > Report > Type "Lift & Drag". Click the surfaces of interest (i.e. the walls, thus the 6
faces along the thickness, as done in the figure below).

In the subpanel “Axes” you should select the coordinate system as previously defined and choose the right
orientation for Lift and Drag Axis.

You can also enter some data to compute directly the aerodynamic coefficient if applicable, like the density
p (this is not the case for this tutorial).

Do not forget to save your project as yourproject_sim.sim. Even if the extension changes from the your-
project.prt, it seems it can’t have the same name and you should append _sim to the file name.

Before running the simulation, check that boundary conditions are active and that all the 3files (. prt, . fem
and .sim) are in the same folder.
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Foe CSYS Fiter | ®lftendDrag @ Report T Generates spe
¥ o Selection Recipes Fier | Name : zc;'ee: Rt text format
= &Groups (Filter ’7 " S::‘fn:ery Pls:n:
% CrFields (Filter | RePort
@ ®Modeling Objects (Filter || | Description
& = Regions (Filter | Destination Folder v
—®@#Simulation Object Container (Filter Region A
@ Inlet flow B Active D f
g Opening B Active Group Reference
e symmetry Plane(1) W Active v Select Object (6) +
B e Symmetry Plane(2) W Active Excluded M
& B¢ Boundary flow surface O Active Axes A
B¢ Forcexy M Active *Lift and Drag CSYS =El
@0 Report(1) @ Inactive Lift Axi 7 -
2 Constraint Container (Filter | 1 .
#Load Container (Filter | Drag Axis X M
@Solver Sets (Filter | Characteristic Dimensions A
_‘SOIUF'OH i . . fctive . [Ccalculate Coefficients
+a¢Simulation Objects (Filter Planiform or Projected Area mm?- v
Ok Constraint Set (Filter
@+ Loads (Fiter | -9 -
i Results Approach Velocity mm/s * v
Reference Density 1.207e-09 kg/mm® - ¥
< > [ Card Name Report Lift and Drag %
Simulation File View v
Preview v

Drag cursor to pan view
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4 Solve the simulation

4.1 Setthe solution attributes

Solution > Solve > "Edit Solution Attributes”. Make sure Analysis Type is “Flow”

{3 Solve QX
Solving Options cone
Submit |Solve .

ition
Medel Setup Check m -

Edit Solution Attributes

Edit Solver Parameters
Prerequisite Solutions Chain v

Cancel

Under Solution Details :

— You can select the Solution Type “Steady state” or “Transient”. In this tutorial, you should start with
steady-state.

— You can select the turbulence model. The common one to be used is "K-Epsilon”.
— Under 3D Flow, you should enable Use Wall Function.

— Under Results Options, you should tick any data field you want to retrieve.

£} Solution O X[ @ Solution O X
Solution A Solution A
Name Solution 1
Name Solution 1
] Solver Simcenter Thermal/Flow
Solver Simcenter Thermal/Flow

Analysis Type | Flow
Analysis Type | Flow Solution Type | Flow

Solution Type | Flow

Flow A
Solution De Flow Surface Parameters A2
Flow A uti
Solution Un [Z]Non-fluid 2D and 3D Elements Block Flow
iRt Description 0 Ambient CC vyl Treatment Wall Function -
Solution Units Initial Cond
Salve Options A Default Wall Friction Smooth - With Friction -
Ambient Conditions Restart .
it Conditions . —— Cunent Simulotion . SD/FGWI Default Convection Properties Automatic
i Reference Temperature for Bulk Heat Transfer Coefficient |Ambient -
Restart Flow Solver Selection Serial Solver B T'a”s"e"‘ 59 P
Results Opti 7 A
3D Flow Turbulence Model K-Epsilon - SiteslafilDal
Transient Setup e R
Resufts Options T
Additional Parameters A
Solution Type A
[“Iconnect Disjoint Fluid Meshes
Solution T Steady Stat - ) ;
olution Iype eady State Fluid Domain Parameters A
& Solution O X
Solution
Name
sobver Simenter Thesmal/Flow
Analysis Type | Flow
Solution Type | Flow
Flow A

Solution Details

Restert
30 Flow.

Transient Setup
Results Options

4.2 Setthe solver parameters

Solution > Solve > Edit Solver Parameters

In some cases, you might need to play with the “Steady-State Relaxation Time Step” and the “Time Step”
under the 3D Flow Solver tab. It has to respect the Courant-Friedrichs-Lewy (CFL) condition UAt/Ax < 1,
with U the velocity (m/s), At the time step and Ax the minimal mesh size. You can also change the "Maxi-
mum Residuals" of the numerical solver, in order to study the convergence of the solution based on the mesh
refinement.
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£ Solver Parameters O X

Solver
Simcenter Thermal/Flou]

Parameters A
Solver Version A
Version Number | 12.0.0, Sep 12 2017

Thermal Solver Convergence Control ~
30 Flow Solver Steady State - Relaxation Time St Physical
Coupled Sover cady State - Relaxation Time Step ysica -
Radiation Parameters bpetn 05 s~
Convergence Criteria RMS Residuals -
Maximum Residuals 0.0002 -
[ Global Flow Imbalance Fraction Option
Global Heat Imbalance Fraction Option
Global Heat Imbalance Fraction 0.02 -
Steady State - Iteration Limit 1000
Transient - Iteration Limit 100

4.3 Solve the simulation

Solution > Solve > OK

During the computation, you have two windows : Information showing eventual errors or warnings and the
Solution Monitor. On this window, you can click Graph(s) > Convergence to check the progress of the com-
putation in real time and/or watch the verbose in real-time (check the residuals). Under Graph(s) > Track
Results, you can also track in real-time min/max/average velocity/pressure convergence. It is important to
check that your solution has converged, i.e. that the numerical transient phase is finished (the flow needs
time to set-up, from rest to the conditions you specified) and that your global quantities reach a plateau.

. =
®x = i Bl ool elm = =
2 i ARE RIS SRS
Abort  Stop Graph(s), Info  Inspect ut
i
i Track Results ¥ s : : 1 Selutien is Flow
| Equaticn | Max Res | Location | Linear Sclution | |
R Rt 4o oo + N
| 15625 | 6.5E-83 OK |
I 21a00 | 1.18-82 oK | | tesh Error Summary
| | @.0E+00  OK | JR
| 10407 | 17.4 09.@E-82 OK |
e . . + No Mesh Errors
| e. 10607 | 5.7 6.5E-83 OK |
T S HE + Material Error Summary
| 15563 | 6.4 6.5E-83 0K | S
e 4o 4o +
No Material E
Flow solver - Mass Imbalance = 1.5554E-84% o flakeriat Errors
Flow solver - X Momentum Imbalance = 6.9352E-83% :
Ph 1P ty Ei 5
Flow solver - Y Momentum Imbalance = 3.6148E-83% yoca Troperty Error ummany
Flow solver - I Momentum Imbalance = 7.3259E-12%
Flow solver - Turb. kinetic energy Imbalance = 6.1783E+01% No Physical Property Errors
Flow solver - Dissipation of T.K.E. Imbalance = 2.7694E+81%
Modeling Object Error Summary
TIME STEP = 31 SIMULATION TIME = 1.55E+81 CPU SECONDS = 1.@1E+82
& Convergence 7 X @ Track Results - Full Model 7 X
Flow | Fluid Temperature  Fluid Velocity | Fluid Pressure |
Flow - Steady State Convergence Model Fluid Velocity
14 \ — U-Mom 7004 - Min
\[;.\ ~ V-Mom Ave
001 /\ /\;z\\_ "”-fa,._x_‘,\, o W -Mom 600 Max
y _— e P -Mass
’,\‘f Residudls-Farget KTurbKE 500 \
0.0001 ~— How Residuals Target - E-Diss
o — 2 E—
E — 8 400 E
T 1e-06 o — <
g =
5 3004 -
1e-08 | T
2004
1e-10 [
{ \
1004 |
N
X e S
1e-12 | . _— —_
T T T T T T T 1 ~_
0 5 10 15 20 25 30 35 40 0-
Iterations 0 5 10 15 20 25 30 35 40 45
Iterations
Timestep: 33 Simulation time: 19

Dismiss

Export : you can export the graph of convergence/results in . png directly orin . csv to plot it after in Matlab.
Remark : As the simulation is purely bi-dimensional, the residual for W (velocity along z-axis) is constant
at 10~ '2. This is a quick check for any mistake that could make the flow not purely bi-dimensional. Once,
you could run the simulation and it converged, do not forget to save before analyzing the results and trying

different configurations.
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5 Analyze the simulation results

5.1 Review the verbose

Click Yesto review all the solververbose. Thereisveryvaluable information to understand better the solution
and how worked the solver.

€ Review Results x

C%  Thesolution is completed. Do you want to review all messages now?

Yes No

5.2 Check the created files

.log : The logging remain available under a yourproject_sim-Solution_1.1log file created in the main
directory folder.

.html: If you have defined a report with Lift&Drag for instance, an . html file should have been created.
.csv: The same info is available in . csv file.

.png : Pictures of convergence graphs. You can also export them as . csv to plot them in Matlab.

flow.csc : Physical constants

flow.fli : Results at each nodes (velocity, pressure,...)

flow.gem : Coordinates of nodes

flow.prm : Numerical parameters

flow.job : CFD information

Simcenter Thermal/Flow Report

Bnits

[Length |Temperature [Pressure [Force |Velocity [ Volume Flow Rate |Mass Flow Rate |Heat Load [Heat Flux | Heat Transfer Coefi
[ mm [

mNmm2 [ mN [ omms [ mm~3/s [ Kgls mN-mmis [ mNmm-s [ [

Lift Drag

e P P R P

|Furce)(‘( 0o | 1 | o [ o [esaser 759502‘ 0 ?-"’0‘594e'| a 0 0

5.3 Set-up key measurements for rapid analysis

Once you have solved at least one time the simulation, you can add some key measures of interest. These
values are handy for a quick look on the solution when varying different solver parameters or trying different
mesh configuration.

Solution tab > Result Measures

"B g W@ Hn
. - d
' 9

Solution  Solve E' Element MNaode/
Solution Result Measures

Then, click on the lower left corner NEW &

Pick up values of interest to evaluate validity and convergence of the solution : like minimum pressure over
a surface or maximum velocity over the entire model.

In this tutorial, we will select the min and max velocity and the min and max pressure over the entire domain,
and the average pressure at the inlet.



How to set-up and run a 2D Flow Simulation in Simcenter NX12 26/34

€F Result Measure 2 X

Salution A
Solution Neme  |Balufion | i~
Input A
Result Type Velocity - Element-Nodal -
Component Magnitude -
Coordinate System | Absolute Rectangular -
Units —. Ml {3 Result Measure
[ Absolute Value Result Measures
Operation A Solution Quantity Component Operation Selection Type  Value Units
§ X Selution 1 Static Pressure Scalar Minimum Entire Model Pmin=-3.0442 Pa
O Minimurm (® Maximum (O Mean Average R R R
Solutien 1 Static Pressure Scalar Maximum Entire Model Pmax=38.043 Pa
Model Subset Selection A Solution 1 Static Pressure Scalar Mean Average  Geometry Pinlet=35.913 Pa
Solutien 1 Velocity Magnitude Minimum Entire Model ~ Vmin=0.04829 mys
‘ Entire Model - | h 3 i .
Solution 1 Velocity Magnitude Maximum Entire Model Vax=0.39354 my/s
Name A

Expression Name | Pinlet |

Checking A
il |G X
<

5.4 Plot theresults

On the very bottom of the three structure, double click on Flow under Results. Then, under Flow, you can
access the different data field : velocity, pressure,... To plot the velocity for instance, Click on Velocity > Ma-
gnitude

~ 3 Solution 1 Active ~ & Solutiont

coouten T - <@ Fow
[]4 Simulation O... B Velocity - Element-M...
[z Constraint Set
[[]-i* Loads

- [ Results

{(‘;H Inf i By Adjusted Velocity - El
: s Pressure on +ve Side...
NX W 9 - P~ o 5 switch Window [ Window = = NX 12 - Pre/Post SIEMENS 5 X

Home Results ~ Wiew  Application

5+ O E ® [ Layout Settings Resize Viewport & B [ ContourPlot v @ v LA v A a,
M [B B8 AJtedeuniock Plane [E Save state et post ) smooth + & x ? i u
- im
B [ B % ViewSynchronize [E] Apply from File View B ; « i n A @ nimate | | o ore
Cont..™ avo hd Post View 7 Quick Edit T Tools ™ App..7 Animation T Manip... 7 XY Graph - T
= Menu~ [ No Selection Filt Translucency s % G Qi TEHOoe B-B-w-w- 40%BH M .
© | Post Processing Navigato| [ Edit Past View.. imulation) tutorial2017_sim.sim [ X
Name B Rename...
% +- s Adjusted Ve % Delete
-y P N 512017 _sim : Solution 1 Result
-8 Pressure on B¢ Hide Legend Case 1, Static Step 1
G +- [y Static Press tty - Element-Nodal, Unaveraged, Magnitude
H 48 Total Pressl _ New Query Cuve.. 48,29, Max : 39554, Units = mmis
39554
7 + B Turbulence | e Graph..
| B Turbul
= uroutenes ¥ New Streamlines... 366.60
+-f Fluid Densi
s 4By Shear Stresy B New JTFile.. 337 67
e +-Hs Roughness| 8 New Template
j 30873
=i +-fy Y+ on +ve New Annotation..,
o -l Mass Flux-| 27979
Fo + B Fluid Temp| Ba SetResult..
+-fls VPlus- Flel 5% Set Deformation... 250,85
it | +--EpVorti?ity-E D ldentify.. —
+-Hy Relative Pre ¥ Free Body Results...
+- [y Absolute P
@ B PRl Create Field from Result...
# Imported Results
R viewports f5 Animate...
@ =l Contour Plots Set calor scheme basis
- [ Post View
+-[1 3D Elements.
@ +-[O Annctations -
@ Templates
A
- < > X
Preview v
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Edit Plot : At the bottom of the tree, right-click the active Post-view > Edit Post View. Or, click directly on
the Edit Post View button on the top tool bar (Results tab). You can choose the Color Display : iso-lines, ar-
rows.... For clarity, you can remove the display of the mesh under Edges & Faces > Edges "Feature" but it is
not recommended to present results during mesh convergence analysis, if results are linked to the mesh.

£} Post View

Result | Display | Deformation Legend

Color Display | Smooth
Lighted
Edges & Faces

0 X
A
Edges | Feature - |Color [ ]
External
Deemel ]
Wireframe A
None

Faces Color

Displa

Streamlines : To plot streamlines, choose Color Display "Streamlines”, under Seedset tab, click on Create.
On the Seed Set window, thick Select Nodal Location and Pick "All on face" on the inlet face for example, to
plot streamlines in the whole pipe.

3 Post View O X €} Seed Set X

Result = Display = Deformation Legend

Color D\;p\ay|gtrsam\m55 v| Seed Point Select from Model -
Lighted
‘Streamline Display Settings A Select Nodal Location
\?’)_ Auto
Seedset A

(®) Select Exterior Point
|Veloc\ty - Element-Nodal - i + Auto
- () Select Point on Cut Plane

Seeds | Seed St 1 -0 Create...

Pick Boolean Operation | g ~

Minimum Distance | 10.0000 @
Seed Set Mame | Seed Set 1

o

Deselect All

Extraction Parameters v

B o ][ = (o]

&

Animation : Click on "Animate" #nimate to create an animation of particles on streamlines. You can export it
as .gif file.

£} Animation X
Syncronize pulses At Seed Point
Active I .
region I
Mumber of Increments

Continuous releaseTime Periods | 10 5 %
Frames per Pulse 5.00000 7

Synchronize frame change for all post views

Synchronized frame delay (m5)

21

-3

28

[ M » 11 m
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2D graph : Once you have plotted a data field (velocity magnitude for example), you can also create 2D graph
under Tools toolbox. In this tutorial, we will plot the velocity profile along the pipe:

— Tools > Create Graph (X

— Under X Axis, Define By "Path Length"

— Under Y Axis, Tick "Define By Query Curve"

— Under the Query curve tab, click the top right icon to create a new curve.
— Give a name to the curve and select

— Method "Nodes ID" and pick up "Nodes" with the pen (by selecting the 2 extremities) or "Nodes
on Edge" (to select directly all nodes on one edge).

— Method "Coordinates” and enter manually the coordinates of 2 points. In this tutorial, we will
create a curve perpendicularto the pipe at 500 mm after the entry : upper edge point at (500,65,0)
and lower at (500,0,0). Finally, enter a high number of points per segment, preferably much hi-
gher than the number of elements, N =700 for instance.

— When back in the graph tab, make sure the slider for Distance to Mesh is at the minimum 0.0001 and
select the Projection Vector to be along z-axis.
— Ifthe "OK" button remains gray and not selectable, try to reverse the direction of the curve by clicking

e .
on 2/ below the curve creation button.

D Query Curve X
M

Type

MName | Post Query Curve (1
[on path - | Y @
Method |NodelD ~ ~|  Pick |Nodes -
Graph Title A
| Velocities along Query Curve | | Mode IDs: 2 [ Show IDs
' 4389, 4768, |
K Axis A
Define By Path Length ||
Y A A ! ! ! ! ! ! !
B o | [ o ’
Query Curve A
‘] MNew =
Curve Usage Project to Element Fac £ Query Curve X
Distance to Mesh Tolerance A N | Post O c @ %
ame (el uery Lurve
'ODOI1 1.0000 Method | Coordinates « | Pick | Modes -
Projection Direction A Points (one per ling) : [ Show Insert Points
500,65,0
¥ Select Vector(1) 500,00

] Previ
e Clear Reverse Cycle Start Point
Elernent Nodal Value

Error Handling

M
W o [ o | e
Fs

Insert M points per segment: N= | 100| E'EEE

| Ok || Apply || Cancel |

After OK, a small pop-up window will then ask you if you want to plot it in a new window or in an existing
one, chose to Create New Window.

&5l x

Create Mew Window
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Plot different 2D graphs on same window : Repeat the same steps to plot the velocity profile at different
lengths. When you have your plots under Graphs tab (in the tree structure), select all plots that you want,
right click Plot.

—{Iﬂ} Graphs

| Velocities along ... % Delete
| Velocities along ... 2 plot
| Velocities along .. =

You get then several curves showing the velocity profile at different lengths from the entry. The turbulent
flow profile goes from flat at the inlet (uniform profile at inlet) to a parabolic curve as the boundary layers
grow and merge. Within the curve, the profile becomes asymmetric with higher velocity at the inner side of
the curve.

L} Graph Window 1 ?2 _0OX

Toolbar A
- Al-l- e 0 lG @ Qe

Velocities along Gug 52 6ph &elocities along Query Curve/Velocities along Query Gurve
400 Real T T T T T T

L /"____“‘\- ]

/ —| At X equal 100 mm
L ——| At X equal 500 mm \ |
—— | At X equal 1500 mm
230
[-] e Plotted Record
_// Curves on Graph A . 7

360

320

[
-
(=1

Curve Name
At X equal 500 mm |
At X equal 1500 mm
200
< >
Curves to be Exported A
160
Curve Name Record Mame | *_

AtXequal 100 mm At X_equal_100,

Magnitude Velocity - Element-Nodal{mm{s)

120 —
< >
80 Destination File Name A N
60 1 1 1 1 I[‘\Home\Deslv:l:op\tuto\tuto\c utl.csv -4 v
1] 10 20 30 - 65
Path Length{mm)
Apply Cancel 10f1

Export 2D graph : On a Graph Window, cllick on Toolbar and then Save Graph. When you have several plots,
choose which one to Export and select . csv as file format (to import and show in Matlab for example).

A tutorial on how to plot the solution is available here (steps 6 to 9) :
https://docs.plm.automation.siemens.com/data_services/resources/nx/12/nx_help/training/en_US/advanced_
sim_tutorial/id741086.html


https://docs.plm.automation.siemens.com/data_services/resources/nx/12/nx_help/training/en_US/advanced_sim_tutorial/id741086.html
https://docs.plm.automation.siemens.com/data_services/resources/nx/12/nx_help/training/en_US/advanced_sim_tutorial/id741086.html
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6 Change the design

In this paragraph, we will show how to test an alternative design, for instance a shorter radius corner.

— First click the top-left icon Return to home Tome= to exit the result analysis and go back to the simula-
tion navigator.

— Inthetreestructure,underyourproject_sim.sim/yourproject_fem.femdouble-clickyourpart.prt
two timesin arow to openitagain. Now you can switch between the part, the mesh and the simulation
via the button in the header bar Switch Window.

Mame

1 tutorial 2017 _sim.sim

— When in the Modeling window (. prt), select the Part Navigator (3rd icon in the left vertical toolbar).

1k Assermnbly Navigator

Descriptive Part Name
BéSections

£5

BA (¢ tutorial2017
Ol
B_
[Fo]
Part Navigator
e

— Now you can edit your sketch by double-clicking it. Change the radius from 400 to 70 mm.
— Click Finish Sketch.
— Switch window to go back to the Simulation.
— Inthe top-left, click Activate Meshing
=)

Activate
Meshing =

— Inthe top-left, click Update, to automatically update the meshing to the new geometry. Then again in

Activate Simulation =
the top left Activate the Simulation % Update and Solve for this new configuration.
— The same process can be used to change the meshing constraints, if you want to refine the meshing

for instance. You can jump between the .prt, the .fem and the . sim files and they should be linked
together as you modify them.
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Plot the velocity field using streamlines to see the dead zone after the corner.
tutorial201 7 _sim ; Solution 1 Result |
Load Case 1, Static Step 1
“elocity - Element-Modal, Unaveraged, Magnitude

Min: 113, Max : 721 36, Units = mm/s
Streamlines : Welocity - Element-Modal, Seeds : Seed Set 1

l 72136
. 661.34

601.32

S541.30

48128

421 26

E 361.25
3023

After loading the solution, Under Home tab > Solution > Result Manager you will see that the values are dis-
played in red, you can select them and click the bottom Update ~*/ button to get the new values.

L} Result Measure Manager O X
Result Measures A
Solution Quantity Component Operation Selection Type  Value Units
Solution 1 Static Pressure Scalar Minimum Entire Model Prnin=-281.38 Pa
Solution 1 Static Pressure Scalar Maximum Entire Model Pmax=281.572 Pa
Solution 1 Static Pressure Scalar Mean Average  Geometry Pinlet=73.134 Pa
Solution 1 Velocity Magnitude Minimum Entire Model  Vmin=0.0011318 my's
Solution 1 Velocity Magnitude Maximum Entire Model  Vax=0.72136 mys
i X
R=400mm | R =70 mm
Inlet average pressure 35.9 Pa 75.13 Pa
Maximum velocity 0.39m/s 0.72 m/s
Maximum pressure 38 Pa 81.57 Pa
Minimum pressure -3 Pa -281.58 Pa

As expected, you can see that the inlet pressure is higher, more than twice what was needed for the large
radius. Minimum, maximum pressure and maximum velocity are also higher in absolute values over the do-
main.

Compared to the analytical prediction (Ap = 31.2 Pa), the pressure drop for the large radius is slightly higher.
Indeed, we neglected the entry region (the velocity profile is not fully developped and shear stress are the
same along the whole pipe wall). Moreover, the turn at 90° increases the pressure loss and its radius has a
strong influence on Ap.



How to set-up and run a 2D Flow Simulation in Simcenter NX12 32/34

7 Change the turbulence model or solution type

7.1 Turbulence model

The turbulence model can be chosen in Solve > Edit Solution Attributes > Solution Details > Turbulence Model
("None" if laminar flow). When using a turbulent model and "Wall Function" as Wall Treatment, you should
select the size of the first node adjacent to the wall by looking at the dimensionless wall coordinate y* (the
law of the wall). Indeed, the first node P must be located in the lower part of the log-law region, i.e. y; €
130, 70]. The first node Ayp is located between Ay, /4 — Ay, /3 (the size of the first mesh).

Ay,

T 4770

7

Ayp

Thisis computed by selecting Y+ and Turbulence Model Quantities (containing Y Plus) in Results Options before
solving the simulation. The validity of y* is crucial since the boundary layer has to be well modeled. You can
check it by displaying Y Plus in the results. Then, instead of "smooth" colors, select "banded" to highlight
zones of y . Because i is displayed in the whole domain but you are only interested in the values close to
the wall between 30 and 70, you can change the boundaries of the legend. On the arborescence, click on Post
View, Legend tab and under Value Control, select Specified for Legend Extremes with Min =10 and Max =100
for example. You can find more information about it on the documentation : https://docs.plm.automation.
siemens.com/tdoc/nx/12/nx_help#uid:xid1128419:index_advanced:xid389654:id627221:xid457884

tutorial2017_sim : Solution 1 Result

Load Case 1, Static Step 1

Y Plus - Element-Nodal, Unaveraged, Scalar
Min : 16.70, Max : 3955.85, Units = Unitless

100.00
I 9250
I 85.00
7750
70.00
6250
I 55.00
47.50
40.00
3250
25.00
17.50
10.00
[Unitless]

Depending on the problem, you might solve a transient (unsteady) flow. This can be chosen in Solve > Edit
Solution Attributes > Solution Details > Solution Type > "Transient". In this case, you have to select the Transient
Setup :

7.2 Solution type

— Solution Time Interval : select the physical Start and End Time.
— Time Integration Control : select the Number of Time Steps or the Time Step size (for the CFL condition).

— Results Sampling : number of Results (at different time steps or Increment) that will be stored and
shown in the solution.


https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128419:index_advanced:xid389654:id627221:xid457884
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help#uid:xid1128419:index_advanced:xid389654:id627221:xid457884
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& Solution
Solution
Name

Solver
Analysis Type
Solution Type

Flow
Solution De
Solution Un
Ambient Cc
Initial Cond
Restart
3D Flow
Transient Se
Results Opti

[Solution 1
Simcenter Thermal/Flow
Flow

Flow

Solution Time Interval

Start Time 0

End Time 500

Time Integration Control

Time Step Option Constant
Time Step 1

Results Sampling

Results Total Number
Number of Results 10

[T Aply

© Post Processing Navigator ]
% Name C... Description Status
o “tutorial2017_sim ~
7 ~=Solution 1 Simcenter Ther...
o —u#Flow Inferr.
" increment 1,0's
R +& Velocity - Element..
% & Adjusted Velocity ...
i +® Pressure on +ve Si...
+& Static Pressure - El...
L + Total Pressure - El...
9 + Turbulence Energy...
2 +& Turbulence Dissip...
- +&Fluid Density - Ele...
= + Shear Stress on +V...
£ +& Roughness on +ve...

+®Y+ on +ve Side - ...
+& Mass Flux - Nodal
+# Fluid Temperature...
+&Y Plus - Element-...
+& Vorticity - Element..
+ Relative Pressure a...
+® Absolute Pressure ...
+Increment 2, 0.5 s
+lincrement 3, 1s
+Increment 4, 155

It is also possible to add Initial Conditions from a specified "Uniform" state or "From Results in Other Direc-

tory", to start from a previous state, which is already computed.

& Solution

Solution

Name Solution 1

Solver Simcenter Thermal/Flow

Analysis Type | Flow
Solution Type | Flow

Flow
Solution De Initial Conditions
Solution Un pirectory Selection
Ambient Cc
Initial Cond
Restart
3D Flow Initial Conditions Selection

Results Directory

Transient Se Results to Use for Initial Conditions

Results Opti

From Results in Other Directory M

m Apply | Cancel

To trigger unsteady phenomena (for example, to force vortex shedding behind a cylinder), you can change
the solver scheme : go to Solve > Edit Solver Parameters > 3D Flow Solver > Advection Schemes and change
"First-order" to "Second-order (SOU)".

& Solver Parameters
Solver

Simcenter Thermal/Flow

Parameters
Solver Version

Version Number | 12.0.0, Sep 12 2017

Thermal Solve T ——
3D Flow Solve ' C ' cCHOn >enemes

Coupled Solve Momentum

Radiation Para Limiter
Momentum Limiter Stabilization
Energy
Limiter
Energy Limiter Stabilization
Two-Equation Turbulence Model
Limiter

c 5 Two-Equation Limiter Stabilization
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— A part of the model disappears : In some cases, the 3D view can bug and a part of the model may
seem to disappear, as if it were hidden. In this case, you can always go back to any automatic point of

view you want thanks to the navigation shortcuts.
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— 2D dependent mesh : As mentioned, you might have some difficulties to create the 2D dependent
(not easy to select the Master Face). In this case, check thta you have one 2D mesh for each face and
try to change and rotate the view, or you can re-do on the lower face the same procedure as you have
done for the upper one to construct the 2D Mapped Mesh.

— Unexpected abortion of the solver:

1. Errors in the Information Window :
Embedded Flow Surface = Flow Surface(1)
There are no valid elements on the underlying geometry.
Make sure all geometry is meshed before performing solution.
That is because you selected an Embedded Flow Surface instead of a Boundary Flow Surface for
the walls boundary conditions (section 3.3).
2. Errorsin the Solution Monitor :
Processing Lift and Drag Reports...
NX2TMG - Thermal/flow model file builder:
encountered a problem and terminated abnormally.

That is because you select the upper and lower faces (thus faces parallel to the flow) to compute
lift and drag instead of the walls in section 3.5.

— Warning in the Information Window :
Boundary Flow Surface = Flow Surface(1)
Unsupported Particle Tracking will be ignored for this solution.

This Warning is not important and will not affect the solution. It concerns only the particle tracking, at
the bottom of the window of the Boundary Flow Surface (in section 3.3 for the walls).

9 Extra Resources

NX12 help menu:
https://docs.plm.automation.siemens.com/tdoc/nx/12/nx_help/#uid:index

Many tutorials are available here :
https://docs.plm.automation.siemens.com/data_services/resources/nx/12/nx_help//training/en_US/advanced_
sim_tutorial/index.html?goto=id557841.html

The Simcenter Flow Solver Reference Manual is available here :
https://docs.plm.automation.siemens.com/data_services/resources/nx/12/nx_help/common/en_US/graphics/
fileLibrary/nx/tdoc_advanced_simulation/flowrefman.pdf

A community forum for SimCenter 3D simulation is available here : http://community.plm.automation.siemens.
com/t5/3D-Simulation-Simcenter-3D-Forum/bd-p/Simcenter_3DSimcenter_forum
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