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Coupling of CAESES and XFlow
In this tutorial you will be guided step-by-step in the coupling process of CAESES and XFlow.
There is a video available which shows an XFlow integration by means of a high-lift airfoil.

You will learn how to set up the Software Connector, using the Time Table Viewer and Time
Series Viewer and how to set up a variation. Before starting this tutorial please go through the
tutorials External Software and Jumper Integration. These two tutorials show the basics of the

software connector.

= AESES

JFlow

When you have finished this tutorial you’ll be able to create your integration for CAESES and

XFlow. Then you can start to vary and optimize your specific shape.


https://www.youtube.com/watch?v=kpXgXOKxyfI&list=UU0GfNDj5JIoBWR-YUFQ_xMA
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Let's get started

In this step we will open the AhmedBody sample and use this project file

for our XFlow integration.

»  Choose file > open sample folder integration > ahmedbody > ahmedbody.fdb.

» Save a copy of this project via file > save project so that we do not modify the original
project file.

E[@ Documentation Browser X .I 3DView X
4P RO NN BE DB
h Samples x]

Home | Tutoriaglsf Samples |

eatures | Types | Global Commands | Short Cuts | MyProjects | Search

Content of Integration
Integration = Ahmedbody
Integration > Functions
Integration > Jumnper

Integration > Ahmedbody

OpenFOAM Setup Ahmed Body

This sample ilustrates an OpenFOAM CFD setup for the wel-known "Ahmed Body" which is kind of a higl
simplified car. In order to run it with your OpenFOAM executable, just ...

@ - M \L « samples F integration » ahmedbody v ¢ Search ahmedbody »

Organise = New folder Bz~ [ @
“ Name . Date modified Type Size

‘?: ahmedbody.fdb 19/12/2013 23:48 CAESES-FFW Proje... 481 KB
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Create a Software Connector

We will create a Software Connector and set the input geometry.

» Create a Software Connector via Connections > Software Connector.

» Click on the CAD tab of the object tree to access the geometry.

» Dragand drop the trimesh “|01_full_model|AhmedBodyFull” to the Input Geometry field.

» Choose the desired STL export type “OpenFOAM”.

»  Set the file name to “AhmedBody.stl”.
5 Object Tree ®m 4+ 4 x [/ Object Editor madax
(F) B CAD & Connections D Optimization ok =4 40 x
Typev Name Quick Find (Ctrl+F) AhmedBody.stl &

“ B baseline File Name | AhmedBody.stl

FScope v [ 00_half_model
FScope 4 m 01_full_model Export Type | OpenFoam -
FImageTti... mirrorAhmedBodyHalf © +01_full_modell -
FScaling & mirror ¢ AhmedBodyFull 1@
FTriMesh & AhmedBodyFull L0+ B
FTriMesh AhmedbodyHalf M
FScope » [0 02_parameter Drop here to append

\/ In this tutorial we are using the OpenFOAM STL export, but for internal flow problems you

need to reverse the normals of some faces. We can do that by assigning different colors to faces and

using the STLExtractColors export. Then you need to define the color of a face that should be

reversed. Just add the color as source to the input geometry file of the Software connector. See

picture below. The normals of the blue colored face will be reversed (pointing inside) after the
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Set the Input Files

We will import all of the necessary files for the coupling of CAESES and
XFlow.

“,n

Click on the green “+” button in the top right edge of the Software Connector to add an input
file or use the right mouse button in the Input Files field and choose Add Input Files
Select the XFlow project file in your installation directory >

“tutorials/08_Integration/04_XFLOW _Integration_AhmedBody.xfp”.

‘/ XFlow project files have the extension .xfp. It is an xml format file, which can be opened with

an editor. Please also take a look at the XFlow Help, Chapter 8 for further information.

Double click the file “04_XFLOW _Integration_AhmedBody.xfp”. This file is now added to the
project. It is a template and can be changed and linked to CAESES objects.
Change the name to “AhmedBody.xfp”.

‘/ Reminder: Template files are not referenced to the original files on your hard disk. When we
run the computation these files will be created. Template files are listed next to the overview tab.

You can see the “Ahmedbody.xfp” being listed.

Create a text file on your Desktop right click > New > Text Document and change the name
to “allrun”.

Double click the Software Connector widget and change the name to “XFLOW_SC”.

Add the “allrun” file.

Double click the file “allrun” to add it to the project file.

The picture below shows the Software Connector after these steps:

1%} ([2] Documentation Browser % | all 30view, % |&8 xFlow.sc x |

[overview [sirun ] ahmedaodyadp|
+ (2 Input Geometry Input Files 28+

&4 12 Result files Q Lanionds Result Values 2] &
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Linking the Geometry to the XFlow Project File

We will link the input geometry “AhmedBody.stl” with the XFlow project

file “AhmedBody.xfp” and create parameters for simulation settings that

we’ll be able to set and vary for XFlow with CAESES.

>

Double click the template file “AhmedBody.xfp” or click on the tab “AhmedBody.xfp” next
to Overview in the Software Connector widget.

Go to line 63 and mark “|01_Full_model|AhmedBodyFull0.nfb”.

Right click and select Entries > Exports >AhmedBody.stl. Now our STL file is linked to the

XFlow project file.

<Geometry>
<Entities>
<5Shape name="|01 Full model|AhmedBodyFull0"™ id="5">
<File>|01_Full model | AhmedBodvFull0.nfb</File>
<Material type="Rubl
<Colour> (59,255
</Material> Entries »
<VisibilityOnViews> Epii= U AhmedBody. st
<Behaviour type="Fi:
<Scale»l«</Scale:
<Position>(0,0.! AhmedBody.xfp
<0Orientation>(-'

# D mred mnamn

New Entry

allrun

As we want to be able to control the simulation time of our XFlow simulation and we want to

create a parameter for the velocity in x-direction.

>
>

Go to line 37 and mark the value “60”.
Right click on the selection > New Entry; we create a new entry “_X_” in our configuration.

Right click in the entry field of “ X ” and choose create a Parameter. Change the name to

“XVelocity”.
Go to line 85 and mark the value & obecree B 4 < x [Z objeceduor maax
(P) B cao |ED connections D optimization @ | [ & = < b Q0 x
“0.3”, repeat the last two steps. e Meme _|Quick Find (k)
4 [ baseline (& | configo1
FScope 13 00_half_model
Change the name of the parameter e B o ran o Ganaral
FScope b [0 02_parameter contgo
. . FScope 4 03_SimParameters
to “SimTime”. et gl g =
FParameter (&) xvelocity S 03_SimParameters: 1@
Select both parameters in the b () Feature Defintions sty
0.3
. _SimulationTime_ (03_SimFarameters @
object tree and create a scope SimTime

“03_SimParameters”.

‘/ln the template editor you can use the CTRL + F to open the find dialog.
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Writing the “allrun” Script

We will write the allrun script to be able to start XFlow in batch mode.

Information about XFlow running in batch mode can be found in the

XFlow Help Chapter 8.

»  Select the software connector “XFLOW_SC”.
»  Open the template file “allrun”.

»  Copy and paste the following lines into the “allrun” template file.

#!/bin/bash -x

#starts xflow in nogui mode and generates the binary files for the
simulation

/opt/xflow/92/xflow.sh AhmedBody.xfp -genbinaries
#switching into xflow simulation directory data=name of sim folder.

#This is necessary because generatedomain and engine needs to be
started in the simulation folder

cd data

#domain and engine
/opt/xflow/92/generateDomain3d AhmedBody.xfd
/opt/xflow/92/engine-3d AhmedBody.xfb

cd

#postprocessing data-export ensight or paraview

/opt/xflow/92/xflow.sh AhmedBody.xfp -exportdata=ensight -
exportfrom=3 -exportto=3 -exportdatatype=inst -
exportfields=vel, sp, cp

/ You need to change “/opt/xflow/92/xflow.sh” to your XFlow installation folder on your

workstation.
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Now the local application is saved in the project and

Save your project (CTRL + S or File > Save Project).

Click on Overview in the software connector.

Click on “Runner01”.

Change the name from “Runner01” to “XFLOW”.

“,n

Click on the green “+” button next to Local

Setting up the Computation
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We set up the computation to link the previously created allrun script:

Resource Eﬁ}:local . l, + e @

Manager Setup

Local Execution Settings

Local Application | £ XFlor| ~ | [# ! @ (7
(2

Application to create a new local application (see Output Files L™

the picture at number 1).
Change the name to “XFlowAllrun” (2).
Write “allrun” in the Executable box (3).

Select Stored in Project.

always available and set.

® XrlowAllrun 4 Q x
~

¥ | xFlowAllrun ‘6‘

General

gtoont:; in User @

Executable allrun ﬁ o (2)

Stored in Project [3 @
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Go to the CAD tab and change the parameter “SimTime“ to “0.03”.
Open the software connector “XFLOW_SC”.

Run the Simulation

We will run the XFlow simulation:

Right click on the computation ”XFLOW” and select Run.

allrun|

Input Geometry

tesult Files

<2l verslar
Flons bulld=

AhmedBody.stl

Q OV pun

Input Files

[=)show preview of input files
|24 Export software connector to file
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Set and Read Result Files

After the XFlow simulation

BCAESES

is finished we will add the file

“numericaldata.xml” as a Result File and extract some values to calculate

the drag.

»  Go to the software connector “XFLOW_SC” and right click in the Result Files field and select

Add Result Files.

It will automatically open the folder of your computation.

>

Open the folder “data” and select
“numericaldata.xml”.

Change File to
“/data/numericaldata.xml”.

Change the Type from “xffl” to

“xflow”.

®

numericaldata.xml

File |*/dato/numericaldata.xml®

Type

flows

v Q x

+ V()  resuitries G xow

numericaldata.xm|

Click on the computation “XFLOW” and click the button read existing result files.

A time series viewer is opened and the console is showing this message:

=] Console

[16:34:56] **=* INFO FXFlowParser : Importing 2222 time steps for 39 components
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Extracting Result Values from a Result Files

We will extract a value for the force.

» Go to the tab Connections and select Computations & Results>XFLOW > Result Files >

/data/numericaldata.xml.

»  Change the viewer by clicking on the table button (see screenshot). The results will now be

shown in a table.

Q File CAD Connect\onslopt\mizat\on Visualization Features View Help [E] : O o = Ed H m I Q ® P | || m:

B Object Tree B a4 <4 x [/ oObjectEdior L.« x @O E
r w r
@ . CAD Q Connections D Optimization @ * = < P /data/numericaldata.xml.table 4G Q x 9] stdouterr
Type Name Quick Find (Ctrl+F) Movin
General o s
4 Q Configurations Movin
FConfiguratio... (5] config Viewer [ TimeSeriesViewer - @1‘[ 2 & MOV]_-n
FConfiguratio... + @ configl l Create new table viewer r
4 B3 computations & Results T
@ [Capt
FGenIntComp... Runner Category Separator |": " - @
FGenntComp... - [G) xFLOow Aals /
+ g Process Qutput X-Axis Label "s]" - @ A
logdc
- B Result values % loa4
: . | o cale) ogéc
T /data/numericaldata.xml.table ¥-fods Column - - 12014

»  Double click on the first row of column 5, with name “|01_Full_model|AhmedBodyFull0:Fz".

» A parameter “eval_” is created automatically in the CAD tab.

We want to calculate the average over the last 200 rows of that column.

» Delete “..getElementAT(...)” and type “calcAverageOfLastRows(200,5)”. This command

will calculate the average over the last 200 rows of column 5.

[# Object Editor oA o4 x
A= 4 b leval 4 0 x
K] | eval_ o
General
o
value XFLOW.getResults().getTable("/data/numerica @
data.xml.table").getElementAt(0, "| -
01_Full_model| AhmedBodyFullD: Fx")
Design Variable @

[# oObject Editor H 4 4 x
RAR=d4dp e Q0 x
K] [Fz s
General
79.34374648
value XFLOW.getResults().getTable("/data/numerica @
Idata.xml.table").calcAverageOfLastRows(200, | ~
s)
Design Variable @

We need to use column 5 because the force in z-direction in CAESES is the force x-direction in

XFlow.

»  Change the name of the parameter to “Fz”.

‘/Reminder: You can find out the row and column indices by placing your mouse over one cell

and they will be shown in a tooltip.
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Calculate the Drag Coefficient

We want to calculate the drag with the extracted force value from the last

step. Here is the formula:

Fz

(D=——
05:-p-v2-A

>
» We need to multiply “z_height” with the “y_width” parameter. You'll find these two

Create a parameter via CAD > Parameter and change the name to “AreaFront”.

parameters in the scope “|01_parameter|01_side”.

» Create another parameter by pressing “F12”.

\/ Reminder: F12 creates the last created object again.

»  Change the name to “CD” and create the formula below:

] [co o

General

0.30350804

Value .
Fz /(0.5 ® 1.3 * pow(0Z_flovwSettings Velocity, 2) = AreaFront) -

O

Design Variable @

11
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Define Postprocessing Files

We will add the postprocessing data which we have defined to be created

in our allrun script.

»  Go to the software connector “XFLOW_SC”, right click in the Result Files field and select Add
Result Files.

» Navigate to folder “/data/exporteddata” and select “xflowproject.case”.

v

Click on the computation “XFLOW” and click the button read existing result files.
»  Go to the tab Connections and select Computations & Results > XFLOW > domain.

More information about postprocessing can be found in a separate tutorial.

\/ The postprocessing data format is Ensight Gold. We defined this in the “allrun” script (see last

command line) by setting the export argument to “Ensight”. The format "paraview” will lead to VTK

data files. See also the XFlow Help Chapter 8.

allrun

RELOW Result Values @ +

+ 303 Result Files

—
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Time Series Viewer

This step gives you some information about the Time Series Viewer.
Please also see the documentation in CAESES (double click on the
TimeSeriesViewer tab (this selects the viewer), and then click on the TimeSeriesViewer symbol in
the object editor. The documentation describes how to set

[# Object Editor B a4 x
up and use this viewer. # = 4 » TimeSeriesViewer & 0 x

The time series viewer shows the function curves from the imeSeriesViewer
file “numericaldata.xml”. Each value is plotted in its own | ganeral

diagram. You can select a total category or specific diagrams Plot Style Lines -|@
that you want to visualize. Optionally, you can use this | PenSize 1 @

viewer in a screenshot collection.

E”@ Documentation Browser X |‘ﬂ 3DView X |Q XFLOW SC X ‘ Console X ‘j FileViewer X |D TimeSeries\iewer )(|

s ~

>

Category Signal x = 0.0967023 ; y = 0.32577] 14,0363

&> Global vars
> £|01_Full_model|AhmedBod...: 10
[> Overall forces w B
[> Mass integrals 6
[> Momentum integrals 4

2

0

[» Pressure integrals
2 % =.0.0967023 ; y = -0.00636043] 2.38376
1.5
NERL]

[» Other integrals

®,
e,
o
0
@
[ os nw a
.0 [ Wb“*wmmm\n.wmnnn AR AAAAASAAAAL o
wsd [
0.03 x = 0.0867023 ; y = 0.00903083 ]r]
oon PR (e NI TR PNt o
8 g 2w i eI RSSO A e,
o0t Y DA e T R 11 VR LR a
i ||' 1 'lu 1
EE; -0.0340037
2.5['['; || |§x=0.0967§23;y=67.?3685] [202422 | v
< >
Plot Style | Lines - EI e [] L H

13



BCAESES

Outlook: Setting up a Variation

Here is a short description of how to set up a simple variation of the

ahmed body. We will use an Ensemble Investigation for the rear (slant)

angle:

»  Save your project again.

» Create an Ensemble Investigation design engine via menu > optimization > ensemble
investigation.

In the design engine, choose the design variable “slant_angle”.

In order to set values for the angle, enter the series “0,5..45".

Choose the parameter “Fz “and “CD” as Evaluations.

vvyyy

Press the Run button to start the variation.

When all designs are finished you can see all designs in a result table. There, you can compare

the designs along with their values.

Note: CAESES Free users can run variations only up to 4 design variants (5 in total).
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