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Coupling CAESES and OpenFOAM: S-Duct Example

The purpose of this tutorial is to learn the integration of a 3rd party CFD software, in this case
OpenFOAM. You will use existing s-duct geometry, prepare it for the export and connect it with

OpenFOAM.

The CFD setup for OpenFOAM was done
with the HELYX9S, an Open Source
Graphical User Interface for OpenFOAM.
With the help of HELYXOS all required
OpenFOAM files can be generated used in
CAESES for geometry variation and

optimization.

All you need is a basic understanding of
how geometry gets created in CAESES,
but it is not necessary. Some feature definitions are used as well in this model;

see the feature definitions tutorials (and videos) for more information.

The coupling is done with OpenFOAM 2.2.0. The integration part can be done with CAESES

versions > 3.1.1.

For any further questions please use the CAESES forum.


http://www.friendship-systems.com/forum

B CAESES

Open the S-Duct Model

The model from which we will start can be found in the documentation

browser:

»  Open the project samples > sweep transformation.

» Saveitasanew project.

Here is a very brief overview of this model, before we continue with the OpenFOAM integration:

The first step of modeling the s-duct is to define the shape of the -
cross section. This is done in the first scope by using a NURBS /
curve with different transformations. The position of the cross f

section depends on the path. From these objects a feature |
definition is created, which will be the input for the curve | |
engine. From the curve engine, a meta surface gets finally \ /

created, which sweeps the cross section along the path. _ -

Different functions define the parameters of the cross section along the path, which are
additional inputs for the curve engine. The functions are usually smooth B-Spline curves, where
the x-position defines the curve path’s parameter position (0 to 1) and the y-position the value
of the parameter. These y-values can be controlled by design variables. You can move the points

of the functions in y-direction, to see how the model changes.
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B CAESES

Prepare Geometry for Export: Lids

In order to export the geometry as a watertight STL file later on, we have

to close the inlet and outlet and create a trimesh.

Go to the features > surfaces > misc > lid for a closed surface edge and create the feature.

Rename the feature to “inlet”.

Select the circular edge of the duct surface as the source for C1

Click “Create”. It is also possible to create the feature first, and then select the input curve.

Repeat this step for the outlet surface.
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B CAESES

Prepare Geometry for Export: Trimesh

Now we can create a trimesh from the geometry components.

Name  Quick Find (Ctrl+F) & sduct_export E
+ B baseline (E—
+ [0) 01_canstruction 1@ [7 @ et
» Create a trimesh via CAD > meshes and  :[)oz-pemn v
+ ) 03_functions 2 @ [# 4 Jouttettid
solids > trimesh and call it “sduct_export”. B engre 3Q 4 e
- @ intet 4 drop sources here
» In the object tree, expand the inlet surface '.M‘t'f'ﬁ e -
. . lid Tolerance  0.001 - | Join Seurces [ 2]
and drag & drop the “lid” surface into the ‘ a‘m:t - =
. Elg -
trimesh sources. + [F] Feature Definitions Adaptive Tessellation =

» Do the same for the outlet surface.

Error 0.001 2

» Drag & drop the duct surface into the trimesh
sources as well.

»  Set the Tolerance and the Adaptive Tesselation of the
Trimesh to “0.001”.

Now you can see the mesh for the STL export. By
increasing or decreasing the Adaptive Tesselation, you are
able to capture more or less details of the geometry in the

resulting STL file.

Now we want to insert different colors for different

surfaces, so that the STL file consists of different patches.

»  Press the edit button B next to the “|inlet:lid” entry

of the trimesh sources.

\4

Change the color to “lightpink”.

\4

Change the color of the outlet lid to “purple”.

»  Change the color of the duct to “darkgray”.
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B CAESES

Software Connector: Import

Now we can import a prepared software connector which includes the
OpenFOAM files. It was configured before (for the purpose of this
tutorial) and saved for re-use. The software connector is the widget where external tools can be

plugged-in.

» Go to the connections tab in the pull down menu and choose “Software Connector From
File”.

»  Select the file “01_SDuct_with_OpenFOAM_softwareconnector.xffl” that you will find in the
installation directory > tutorials > 08_integrations.

» Drag and drop the trimesh “sduct_export” into the Input Geometry window of the
connector.

»  Click on this file, and specify the export name and the type, respectively. Set the export type
to “MultiBodySTL”. Since the STL location is in a subfolder of the OpenFOAM project

directory, we have to specify the file names as follows:

sduct.stl (5

constant/triSurface/sduct.stl
File Name | constant/triSurface/sduct.stl

Export Type MultiBodySTL -

R 0 + sduct_export . @
o+ :

Drop here to append

-«

\/ By specifying the path constant/triSurface/myGeometry.stl, CAESES will automatically create

this folder in the current design directory.



B CAESES

Allrun File

We modify the “Allrun” file in this step. Note that we work on a copy of

the original file.

» Double-click on “Allrun”.
» If you don’t want to start CAESES from the terminal and you want to run OpenFOAM, we
need to source the OpenFOAM environment variable. This could be done for example in the

following way:
wmUNSET

source /opt/OpenFOAM/OpenFOAM-x.x.x/etc/bashrc

»  For postprocessing reasons, we need to create the “case.foam” file by adding the following

command into the Allrun script:

touch case.foam

»  Switch back to the overview (click on the tab “Overview”). ﬁ ;
Overview [mposeParDict syst

# Template Name Allrun

[ Overview }mposeParDict system/fvOptions | system/fvSchemes [ system/fvSolution [ system/s

4 Template Name | Allrun

1 . #!'/bin/bash
2
3 wmUNSET
4 hource /opt /OpenFORM/OpenFOAM-2.2.0/etc/bashrc
5
& . blockMesh -dict system/blockMeshDict 2>&l | tee S$BLOCK_LOGC
7 snappyHexMesh —overwrite 2>&1 | tee SLOG
8
Y . simpleFoam 2>&1 | tee $LOGC
10
11 touch case.foam
12
3 _patchBAverage p —latestTime sduct_lightpink > pin




B CAESES

Introduce Parameters in Dict Files: Part 1

In this step, we introduce some parameters, which control OpenFOAM

settings. First, it is useful to add a parameter which scales the mesh

uniformly in all directions.

»  Double-click on the “blockMeshDict” file.

OFfsduct_OF_tost fdb*
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»  Switch to plain mode by clicking on the little pen on
the top left of the file.

»  Mark the number “5” which specifies the direction
of cells in x-direction and choose right click > select
“new entry”.

» In the properties tab (click on entry name, see
screenshot, which shows the z-case), rename this
entry to “blockMesh_x".

»  Change the value to 5*1.

»  Then select the value “1” in the editor, do right click
> create parameter. This could be renamed as

“meshScaling”.
You can find the parameter in the CAD.

» Do the same for the other directions, while using the
“meshScaling” design variable for all three

directions.

2N

RE4>
@ configO1l

General

config0l

5
blockMesh_x .
5 * meshScaling

6
blockMesh_
Y 6 * meshScaling

: )2
blockMesh_z )
2 * meshScaling

0 x

General

Type FDouble
Optional

Set as
expression

default value |12
Display Options
Set entry label
Read only

Miscellaneous
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Introduce Parameters in Dict Files: Part 2

We can also create a parameter which controls the number of iterations.

In the software connector, select the “controlDict” file and create a new entry for the item

“endTime” and “writelntervall”.

In the Configuration tab, create a parameter for the “iterations” similar to what we did for

the “meshScaling”, and reduce the number to “20”.

Use the parameter “iterations” also for “writelntervall”.

Put the parameter “endTime” and the design variable “meshScaling” into a scope called

“OpenFOAM _settings”.

R=EA)

@ config02

General

config02

blockMesh_x

blockMesh_y

blockMesh_z

endTime

writelnterval

10

5 * OpenFOAM_settings|
meshScaling

iz
6 * OpenFOAM_settings|
meshScaling

24

12 *
OpenFOAM_settings|
meshScaling

1000
OpenFOAM_settings|
iterations

1000

OpenFOAM_settings|
iterations

G0 x

(@)

@)

g [OverviewH O/epsilon ’ 0o/u {(onstanthASProperties I constant/transportPro

© | # Template Name | system/controlDict

Z 1o Ko cab o
G 2 | o |
301 o o | HELYX-0S
@ 41 o o o | Version: v2.1.1
5o o S | Web: http://www.engys.cc
A 6 o |
T
E] 8 FoamFile
o 2
. 10 version 2.0;
@ 11 format ascii;
12 class dictionary;
g 13 location system;
14 object controlDict;
15 iy
16
17 startFrom startTime;
18 startTime O;
19 stopAt endTime;
20 endTime <entry>endTime</entry>;
21 deltaT 1;
22 writeControl timeStep;
23 writelnterval <entry>writeInterval</entry>;
24 purgeWrite 0;
25 writeFormat ascii;
26 writePrecision 10;
27 writeCompression uncompressed;
28 timeFormat general;
29 timePrecision 6;
30 graphFormat raw;
3 runTimeModifiable true;
32
33
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Software Connector: Computation

For postprocessing, we need to have results files and values, which will

be inserted in the Results Files and Results Values window of the software

connector. In order to get these, we have to trigger a first run - either with CAESES, or

externally. Since we have already changed parts of the input files in the previous steps, we

trigger the computation from within CAESES. For this, we have to set up the computation:

» Click on “Runner” in the center of the software connector. ‘

» In the object editor of the selected object “Runner”, activate

Q Runner

“Remove existing Result Files”. This makes sure that with each

run the previous simulation files get deleted automatically, and \

is similar to the “Allclean” command.

» Create a new “Local Application” by
clicking on the plus-button next to the
attribute, and call it “OpenFOAM”.

» As executable write “Allrun”. This will
trigger the “Allrun” script.

» Run the computation by clicking on the
green run button (P).

»  While the computation is running, you
can check the output in the Task

Monitor.

When the computation is done, check the
results on your hard disc, to see how the
results are handled by CAESES: A new folder
was created, with the name of the current
project file (*.fdb). In this folder all results

can be found.

[# Object Editor oA 40X
® = 4 P Runner %~ 0 x
Runner > @
Execution Settings
Configuration @lmnﬁg E
Arguments - IE\
Resource Manager setup | (& localSetup -2 4+ @7
to+ 2
Constraints Drop fere to append |2)
Asynchronous Update (3 IEJ
R_emove existing Result % 7
Files —
Local Execution Settings
Local Application £} OpenFOAM -2 @7
Output files - 7
# OpenFOAM w0 x
{¥ | OpenFOAM
General
Executable Alrun e
Stored in Project IE\
Stored in User Config x IE\



B CAESES

Result Values

In order to assess the simulation, we need to have results files which

provide for example the pressure drop. These values can be extracted
from any text files, but usually from *.csv or *.dat file formats. Since CAESES needs to know
where the desired values are located in each design directory, we have to provide an example

file.

» Inyour file explorer, go to the baseline directory which was created during the last run and

check for the “pin.dat” file.

v

Add the “pin.dat” file to the Results Values window of the software connector by using
either drag & drop, or by using the plus button at the window.

Double-click on “pin.dat” in the software connector to see the content.

Add a value by clicking on the plus button and name it “dp”.

Set line to “26” (in this case, this means: always the last row of the file).

Set column to “1”.

vVvYyyvyy

Now create a parameter the value by clicking on the blue parameter symbol in the table

preview. This parameter will be the objective of the simulation at a later stage.

|
IOverwew; P arDict  system/fvOptions  system/  system/ i ¥ FieldsDict sy Dict Allrun ‘ pin.dat

General File ‘

Template Name | pin.dat - - - - \
| |
Subfolder ield | OpenFOAM: The Open Source CFD Toolbox |
peraticn | Version: 2.2.0 |
Column Separator A nd | Web: www.OpenFOAM. org |
anipulation | |
Find numbers . .y
Custom . . .
Exec : patchAverage p -latestTime sduct_lightpink
o Date : Oct 28 2014
Time : 15:19:33
Name @ o | Host : "elmo®
PID : 20240
Type FDouble - Case : /homes/elmo/users/fustterer/sduct_OF /sduct_OF_test/manual_results/bassline,
nProcs : 1
Line 26 - sigFpe : Enabling floating point exception trapping (FOAM_SIGFEE).
E fileModificationChecking : Monitoring run-time medified files using timeStampMaster
] 1 allowSystemOperations : Allowing user-supplied system call operations
Anchor St I T T T T T T S T I T AT T T T
nchor Strin
9 Create time
Occurrence First
Create mesh for time = 10
Results Preview ~ .
Resuits Preview | = 19

Value  Type Reading volScalarField p

Average of volScalarFicld over patch sduct_lightpink(2] — [HNEENERTER
dp 6.73519 FDouble [&]

End

»  Select the evaluation parameters, and create a scope. Set the name of this scope to

“OpenFOAM_evaluation” (note, names can be user-defined i.e. arbitrary).

Remember that this parameter is the result value of the last iteration or time step. If you have a

strong oscillating result, you might average the values over a specific time.

10



B CAESES

Result Files

In the Result Files window of the connector, output files from the CFD

calculation are referenced. Typical output files are pictures, tables, text

files and CFD solutions.

» Add the “case.foam” file from manual results/baseline/Runner to this window, either by

using drag & drop, or by using the plus button in the corner.

4 [ (?Result Files () Runner

Result Values

[x} 2 case.foam (%) (] pin.dat

11



B CAESES

Running the Case

Now the software connection is completed, and a first test case can be

started.

»  Set the parameter “iterations” to “1000”.
»  You can also increase the “meshScaling” factor, which will increase the computational time.

»  Go back to the software connector and run the simulation (again by using the P> button).

[Overview | Olp Ofms O/ Ofepsiton O/U. /RASProp portProperties Properties sy "'".Wq
+? Input Geometry Input Files 718+

© [ orepsiton

o ox

© [om

o Lop

© [Jou

© [ Aunn

© [ constant/RASProperties

© [ constant/transportProperties
© [ constant/turbulenceProperties
© [ system/blockMeshDict

© [ system/controlDict

© [ ] system/decomposeParDict
© [ system/fvOptions

© [ system/fvSchemes

© [ system/fvSotution

© [ ] system/setFieldsDict

© B sductst © [ ] system/snappyHexMeshDict
4 (% PResult Files G Runner Result Values 24
© [ casefoam © [ pin.dat

12



Postprocessing

B CAESES

When the computation has finished, we can do the postprocessing and

visualize the results.

» Go to CAD and hide the baseline for the time

being, by clicking on the baseline icon.

» Go to the Connections tab and
Computations & Results > Runner.

»  Select the “internalMesh” object.

» Create a new Visualization.

» A new window appears, select

“FGridPlaneCut”.

»  Set the position to “0”.

» Create a new visualization at the
bottom of this window.

» Select “FContourPlot”.

» Choose the mapped data you want to
visualize, for example “U”. In the 3D
window the visualization will appear.

» Increase the number of divisions to

“20”.

You could also create a vector visualization, streamlines, iso-

surfaces or mesh visualizations.

@ m CAD ‘Q Connections ’D Optimization } .

Type Quick Find (Ctrl+F)
d D h)seLine
FScope v D 01_construction
FScope v D 02_path
open FScope v DOB,functlons
F<rann 4 B NrARFAAM  cattinac
P) | BB cab [ & comecvons | [ optimization | @ || A = « B internaivienn 0 x
L s Sk P (o Visualization
+ B compu
GenintCo & rurner Load Setup
Q °[?
2 ~0 %

3D Visualization

FGndOutline
@ Viinizatonco dspiythe ke of a rd da
i

FStreamiines
@  Vsualization o calcutate and display
streamlines na 3d-view

Data Extraction

o FExtractWakefield
FGridClipping
[ Algorithm to lp a grid with either an arbitrary
EB plane o a box. The output is of type
FUnstructuredMesn

gasffte grid cuts with a (arbtrary)
Output s of type FPaneiMesh

pl

FGrdSurtace
B E o P internaimesn A0 x
Visualization
© = [/ O GnaPlanecun - # @ ]
Q=7 -+ @ B
Save Setip Load Setup
B
| 2 GrigPanecut 4 Q x
[ |GrigPtanecut )
=
2
Help
Visualization
Q= [/ © comowpiot ] Visuslization
© = [# © vectorvisuaiizaton - # @ o
o/ + @ |
| Save 5¢ Load 5
[ & vectorvisuatization ~0ux
@ | Vectorvisualization =
Mappad Vactor Data -
use oats ® ?
Vector u @
x ?
v 7
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B CAESES

Quick Geometry Variation

Now we can do a quick geometry variation. Remember that with CAESES

Free it is only possible to create 3 variations in one project.

First we have to introduce a design variable. 7| comnections |3 opumization | @ | B = 4 b F20p0int(\ Q x| [
~ Nam.z Quick Find (Ctri+F) ® poz E °
+ [ baseline _
»  Go to the path scope, select the auxiliary scope ) 01.construction = . :
+ @ 02_path =
and create a design variable for the y-position ‘_:“;:W T 1@ g
: « » . . - @ pol rd 5 -@
of the point “p02”. This can be done by a right- T - E'
- ® po3 e a =
click on the value. - o poa - S/D g
. . B ) . l%u:‘:mMm’Y & FParameter: [02-patiy O x| @
»  Call this variable “Path_Mid_Y". [ 03_functions [&] Path_Mia_v o
+ [ OpenFOAM_settings General -
P . (89 ierations Value 15 @
For geometry variations we have to create a design .E mashScating .
‘@ esion 7

engine. In this case we use the Exhaustive Search 5 S0 pEERDRTE B

algorithm which simply divides the design space

Variable

- slPath_Mid.Y ®eval_dp

Attribute Active

of a variable into a specific number of Name Path_Mid_Y  evaldp
. Scope 102_path| |scl

subdivisions. auwliary

Reference
. . o Lower Bound 0 -0.099652551

» Create an Exhaustive Search via Optimization Upper Bound 5 0055509008
> Exhaustive Search. D

»  Set the number of subdivisions to “2”. Mean UKhization K o sl desigris of each constraint

Mean T -u.uy7z76738

»  Select the design variable “Path_Mid_Y". Sample Standard Deviation 1.5 0.0020653581

Error-free: 100 % 100 % 100 %
» Set the lower range to “0” and the upper
— © W [ ExhaustiveSearch_O1... | o [ -0.095909006
range to “3". © W ¥ ExhaustiveSearch 01.. | | 15| -0.099652551

» Set ”EVal_dp" as an evaluation. © B ¥ ExhaustiveSearch_01... | 3 | -0.096268656

»  Setup screenshot. Make sure you can see some scalar fields in your 3DView. Press the plus
button next to screenshots (in the engine) and select the 3DView as window.

»  You can now run the study by pressing the run button of the Exhaustive Search. Note that
this will trigger 3 parallel runs by default. If you want to change this setting, you have to
edit the Local Application in the Connections tab.

»  You can see the status of the running simulations in the Task Monitor window.

»  When the variation is done, you can
see the results in the table.

» Create a Design Viewer to compare _/ / /

the designs by clicking the button

B of the table. o “] e o
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