B CRAESES

Postprocessing

CAESES provides functionality for the interactive postprocessing of simulation results. In this
overview, the creation of typical visualizations such as contour plots and streamlines is

illustrated.

If you have performed a CFD analysis in the wing tutorial, you can go through this tutorial
interactively. Otherwise you can simply read through it to get an overview of the post-

processing features available in CAESES.
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As a prerequisite, the tutorial “External Software” is recommended which explains basic
functionality of the software connector, i.e. how to get the CFD results file from the external

software into the graphical user interface of CAESES.
The Basic Idea

CAESES provides data extractors that are algorithms which extract certain data from a given
data set, for instance performing a plane cut on a volume mesh. The output of such an operation
can be visualized (e.g. display a contour plot on the extracted plane cut). If boundaries are

already part of the flow solution, then you can directly apply a contour plot:
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Simulation Data from Simple Import

Please note that this overview focuses on post-processing for CAD-CFD
automation using the software connector, see step 2. However, simulation

data can also be simply imported and visualized.

»  Choose menu > file > import and choose from one of the supported formats.

‘/ Currently supported formats are

(7| cao |Q Connections ||‘_‘:| Optimization

e  EnSight Gold (.case), Type Name -

o OpenFOAM (foam), 4 BB baseline
FUnstructuredMesh (3 Inlet

. VTK FUnstructuredMesh [ Outlet
FUnstructuredMesh [ Regionl

. Tecplot (ASCII) FUnstructuredMesh [ Region2

» Imported data are shown in the object tree (tab CAD).

/Remember: When importing result files via the file menu, their content is put into the CAD tree.
In case a software connector gets used, everything will be put into the corresponding computation

node (see steps 2 and 3).

»  You can now visualize data by following the next steps (jump to step 3).
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Simulation Data from the Software Connector

In the context of CFD automation, data is provided by the software

connector where CFD results are specified (see the previous tutorial).

»  Add your CFD result data to the result files section of the software connector.

+
S

»  After the computational run (either manually or automatically via design engines) the

results are accessible in the object tree (tab connections, corresponding computation).

e ~
E] . CAD Q Connections D Optimization
/ Type . Mame
A surface or boundary import b 3 Congurations
(so-called structured or unstructured 4 ) computations & Results
. . FGenIntComputation - [Ecrp
panel mesh) is indicated by this icon: I
FUnstructPanelMesh ) Inlet
@ FUnstructPanelMesh 1 Model-fuselage
FUnstructPanelMesh [~ Model-te
FUnstructPanelMesh 0 Model-tip
Volume data (structured @r FUnstructPanelMesh =) Model-wingLE
unstructured mesh) comes with FunstructPanelMesh £ Model-WingPs
FUnstructPanelMesh ) Model-Wingss
different icons: % % FUnstructPanelMesh £ Outlet
FUnstructPanelMesh @ Symmetry
FUnstructPanelMesh £ walls
FUnstructuredMesh [ Region 1
! + BB Result Values

fead existing result files

E] Show preview of input files




basic concept of post-
processing in CAESES, we will visualize the
pressure distribution on a wing surface with a

contour plot where the flow data comes from one

of the EnSight Gold result files.

»  Select the boundary surface (1).

In order to illustrate the
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Contour Plot - Part 1

» Choose “create new” from the pull-down menu and click on “FContourPlot” (2, 3).

'[E] . CAD Q Connections D Optimization

Type Name
b [ Configurations

4 ] computations & Results

FGenIntComputation - [Ecrp

- [0 wing.case
FUnstructPanelMesh 1) nlet
FUnstructPanelMesh 1) Model-fuselage
FUnstructPanelMesh 1 Model-te
FUnstructPanelMesh 1) Model-tip
FUnstructPanelMesh 1) Model-WingLE
FUnstructPanelMesh ° 1) Model-wingPs
FUnstructPanelMesh 9 Model-wingss
FUnstructPanelMesh 1) outlet
FUnstructPanelMesh @ Symmetry
FUnstructPanelMesh £ walls
FUnstructuredMesh [ Region 1

+ [ Result Values
+ Q Process Output
I ! Visualization Toolbox

3 Applications

[ @ = <4 P Model-Wingss L O =
Visualization
© B [/ = ceatenew - E @
( Save Setup || Load Setup ]
S (2]
2 “Q x
3
3D Visualization —

izliz o display a contour plot and f or
isolines in 3d-view.

FMeshvisualization
Visualization to display a panel mesh in a 3d-view.

FVectorVisualization
® Visualization to display velodty vectors on a grid

surface,

‘/For volume data, you need to extract a surface in order to generate a contour plot. This can be

done for instance by using plane cuts (“FGridPlaneCut”, see step 7) or by extracting a grid surface

(“FGridSurface”).
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Contour Plot - Part 2

For the contour plot, you have to choose which field data you want to

display. Also, setting a good name for each plot is recommended:

»  Set a sensible name (1), which makes ® B 4 > pressurchlor Q0 x]
it easier at a later stage when having o
multiple visualizations. © [ pressurePlot E
» Select the mapped data (2). In our General
M d Data |Pressure e -
screenshot, we choose “Pressure”. . £ @
ColorMap | -1 72 4+ @7
Presets
- Black isolines on colored surface =
e ——
==
SSSS White isolines on colored surface
—
— Colored izolines on surface
isplay Options
Viewer [ | - | @

‘/Note that there is a new item now in the object tree, right below the previously selected object

for which we started post-processing. 4 W Computations &Resuits

FGenIntComputation - Ecro I
- [C] Wing.case

FUnstructPanelMesh £ Inlet
FUnstructPanelMesh ) Model-fuselage
FUnstructPanelMesh 1) Model-te
FUnstructPanelMesh 1) Model-tip
FUnstructPaneMesh 5 Model-wingLE
FUnstructPanelMesh = Model-WingF=
FUnstructPanelMesh - B Model-wingss
FContourPlot ) pressurePlot
FUnstructPanelMesh
FUnstructPanelMesh




Contour Plot - Part 3

The software internally uses a default color

map. Just to better understand the results, let’s

create a custom color map.

» Click on the “+” icon of attribute color map (1) which creates a

new color map object.
»  Seta name for the new color map (2).

»  Adjust the values of the color map.

\/ See the documentation of
“FSeries” for more information about
number series. In the screenshot, the
expression “-10000, 300: 10” is used
which  generates 10 equidistant

numbers in the range [-10000, 300].

\/ The new color map item can also

be used by other visualizations.

Important: If you now choose
different mapped data in the object
“pressurePlot” (e.g. “Velocity” instead
of “Pressure”), you have to make sure
that you still use the right color map!!
Typically, you need to create another

one for different field data.

‘/ If you select the color map object in the 3D view, it can be moved interactively.

BCAESES

Pressure

1000.00
421.05

-10000.00

[ ® = 4 P pressurePlot

Q | pressurePlot
General

Mapped Data | Pressure

Color Map () pressureColorMap

* pressureColorMap

Q@ | pressureColorMap ﬁ

General

Continuous Colors
Reverse Colors
Viewer

Presets

Values ~10000, 300: 10 ﬁ

m
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Contour Plot - Part 4

The contour plot is now configured for the wing’s suction side. We can

utilize this setup for other parts such as the pressure side and fuselage:

1000.00
421.05
-157.89
-736.84
-1315.79
-1894.74
-2473.68
-3052.63
-3631.58
-4210.53
~4789.47
-5368.42
-5947.37
-6526.32
-7105.26
-7684.21
-8263.16
-8842.11
-9421.05
-10000.00

»  Simply drag & drop the visualization to the target object. B Computations & Resuits

- Elcro

/ - (O] Wing.case

In our example, the item “pressurePlot” is dragged £ Inlet

M ” @ Model-fuselage
onto “Model-fuselage”. £5) Model-te

. een ) £ Model-tip

Note that “Model-WingSS” and “Model-fuselage” are both E4) Model-WinglLE
boundary surfaces. 1) Model-WingPs

- [ED Model-Wingss
L@ ) pressurePlot
£1) Outlet

@ Symmetry
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Grid Plane Cuts

Creating a grid plane cut for e.g. a custom contour plot follows the same

concept: We need to choose a region (i.e. volume data), select the plane
cut as being the data extractor and, finally, visualize the extracted data by using a 3D

visualization (such as a velocity contour plot or a vector visualization, see also step 11).

‘/ Data extractors are algorithms that perform a specific operation on a volume or surface mesh.

Keep in mind: They do not visualize anything!

»  Select the volume data (1).
»  Choose “create new” from the pull down menu (2) and select “FGridPlaneCut”.
» Configure the plane cut, e.g. set a name, the principal plane, one or several positions (3-5).
»  Create a contour plot again (6), see also step 3 of this overview tutorial.
! Connections n Optimization \ r* = 4 ) Regionl &% 0 x |
Type . MName B
b L) Configurations Visuals "
4 [ computations & Results © % [/ [] planecut_z @
FGenIntComputation - ! CFD oOx 7 - @
- [C] Wing.case
FlnstructPanelMesh @ Inlet L — )
FlnstructPanelMesh @ Model-fuselage l Save Setup ” Load Setup |
FUnstructPanelMesh 1) Model-te
FUnstructPanelMesh 1) Model-tip @ @
FUnstructPanelMesh {51 Model-wingLE
FUnstructPanelMesh 1) Model-wingPs
FUnstructPanelMesh £ Madel-Wingss & planccut_z "
FUnstructPanelMesh 1) outlet LL
FUnstructPanelMesh 1) symmetry FGridPlaneCut
FUnstructPanelMesh B walls 7 ( ok it z e | @
FUnstructuredMesh o [@ Region 1 ' '
FGridPlaneCut -—@ [ ] planecut_z Cut
FContourPlot @ O velodtyPlat )
+ [ Result Values Positions 0.5 o | 1@
Plane [z-(xm a 1@
Help
Visualization
0 x 7 ©wesoret - (@@
o X (7 -+ @
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Grid Plane Cuts - Including Clipping

range (see also the previous step for comparison):

Region 1

& Gridoutline
——@ [ planecut_z
+—@ [~ dip_z

\4

Select the volume data again.

Choose “create new” from the pull-down
menu and select “FGridPlaneCut”.
Configure the plane cut (set a name, the
principal plane, and one or several

positions).

\/ You can also use a grid outline (choose
“FGridOutline” from the menu) in order to

see the bounding box of the volume data.

For the visualization attribute of the plane
cut object, choose “create new” and select
“FMeshClipping” (1).

Set a sensible name for the clipping (2).

Set the minimum and maximum values for

the x-, y- and z-axis (3).

Finally, choose a contour plot of what you want to display on the clipped plane.

10

In some situations for large plane cuts you might want to reduce the

[ ® = 4 ) planecut_z

i |_ planecut_z

Cut

Positions |_0.5

@

Plane |Z- (%)

@

Help

Visualization

o x [/

ox / Cw: @+ @

)

[ Save Setup Il Load Setup

& clip_z

0 x

8 |_ clip_z e

Clip

Use Arbitrary Plane
Min X
Max X
Min Y
Max ¥
Min Z
Max Z

Visualization

|

e

@

@

@

@

@

@

0% 7 Owesumiot - @

omx 7

-+




Streamlines - Part 1

Streamlines are used t

B CAESES

o visualize the flow trajectories and field

quantities originating from user-defined seed points.

>
>

Click on “FStreamlines” (3).

Select the region i.e. volume data where you want to generate streamlines (1).

Choose “create new” from the pull-down menu of your region (2).

(P I cap | connections | [ Optimization # & 4 ) Regioni N 0O x
Type . Mame
Visualization
b L] Configurations
A Q Computations & Results Q @ ./ + create new - ao
FGenIntComputation - B
- [ Wing.case [ Save Setup I Load Setup |
FUnstructPanelMesh 1) Inlet
FUnstructPanelMesh @ Model-fuselage S E]
FUnstructPanelMesh 1) Model-te
FUnstructPanelMesh 1) Model-tip
; [ L0 x
FUnstructPanelMesh 1) Model-wingLE
FUnstructPanelMesh 1) Model-wingPs
FUnstructPanelMesh 1) Model-wingss 3D Visualization
FUnstructPanelMesh 1 outlet
FUnstructPanelMesh % Symmetry FGridoutline
FUnstructPanelMesh @ Walls @ Visuglization do display the outline of a grid data
FUnstructuredMesh ) Region 1 setin 3d-view.
+ [ Result Values
+ @ Process Cutput
b ! Visualization Toolbox @ o calculate and display streamlines
I [P Annlicatinne

11
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Streamlines - Part 2

In the second step, the streamlines settings are configured:

f ® = 4 P Streamlines A Q x |
»  Select seed points/curves from where the © [ Streamli 1=
streamlines start (1). You can enter points TS T
and curves from your geometry model 4 © 4 [straight H
A ( -2
(tab CAD) or simple vector data such as 20+

.:[0.1' 0.2, 0.3]». Number of Streamlines [ 10 e

Per Point / Curve

»  Set the number of streamlines (2). For seed DstibutonRadus | .|
0

{Points Only)

points, enter the distribution radius for

. Mapped Vector Data
generation of random samples.

. Use Vector Data £ o@
»  Choose a vector that will be shown (3). In
e o Vector | velocity [-]
the screenshot, this is “Velocity”.
. X ( [-]
» Choose mapped data that is used for color
. . ¥ ( -z
mapping of the streamlines (4). If needed, ' ]
. . ( -2
add a new color map for this purpose via ‘ ' -]
the “+” button and configure it. AT
»  Finetune the streamlines settings further | "=t (velodty magritude o@
by clicking on the header (“...") (5). TEEE L Mz +e
Streamline Settings °
/ Direction | Both 5 H
Computing streamlines can be time-
consuming. While changing the settings, e
you can switch off the auto-update. After Type (Tubes -]
settings are changed, switch it on again to Width |: 0.1 :|
generate the streamlines. Generally Vary Width O

speaking, use this option for other
visualizations if the update takes too much

time.

SJUENSUDD g

12
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Vector Visualization

Use a vector visualization in order to show flow directions which can be

combined with a color mapping for e.g. pressure or velocity.

® ® 4 P GridPlaneCut K0 x

{7 | eridPlanecut =

Cut

Positions | 1.25 o |'| [I]
N ) e B]E)

Help
Visualization
© % [/ © vectorvisualization ve (]
o x (/ -+ @
| Save Setup Il Load Setup
First, we extract plane data (i.e. surface data) from a (% = €4 » vectorvisualization @0 x)
volume by means of a grid plane cut: © (Veovemaizaton @
» Select the region where you want to display | MeredVecterete
Use Vector Data @ @
vectors.
viectar | Welodity ° [-1@
»  Choose “create new” from the pull-down menu of | | ( Blo
your region and click on “FGridPlaneCut”. Y ( @
» Set a position or multiple positions separated by | ? ( 1@
commas (1). Vector Field
L Type (3 e [-1@
»  Seta principal plane for the cut (2). _ _
om0 @
Now, let’s visualize vectors on this grid plane cut: Vector Scaling
. . . ength Scale o, | @
» In the visualization category of the plane cut, o L o :
Constant Length O E]
choose “FVectorVisualization” (3).
Arrow
»  Choose vector data to be displayed (4). — (come Ble)
»  Set the visualization type (5). Head Length o5 ooe 1@
»  Adjust the vector sizes (6). Oraw 3D shafe (] @
»  Choose which data is applied for color mapping of | cler™apeirg
Mapped Data | velocityMagnitud [-1@
the vectors (7). pp SR a
Color Map l BRrA - NE)|

13
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Mesh Visualization

If you want to simply display the mesh, then use a mesh visualization

instead of, for instance, a contour plot as shown in step 3.

First, create a grid surface again in order to extract the mesh information:

»  Select the boundaries where you want to display the mesh.

\/ You can select multiple boundaries (multi-selection) for assigning a new visualization at once.

» Choose “create new” from the pull-down

# B 4 P Meshvisualization L0 x
menu and click on “FMeshVisualization”.
» Configure this visualization further @ | Meshvisualization
(presets, colors etc.) S—

% Draw mesh only
. Draw surface only
. Draw surface and mesh

14
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Iso-Surfaces

This type of visualization allows displaying a 3D surface where some

quantity (velocity, pressure etc.) is constant.

»  Select the region where you want to display iso-surfaces (1).
» Choose “create new” from the pull-down menu of your region, click on “FIsoSurface” (2).
»  Enter iso values (3) and choose from mapped data pull-down menu (4).
» Visualize the extracted surfaces by using a contour plot (e.g. create a new one).
E] . CAD ;' Connections D Optimization A # = « ) Regionil O x
Type - Name o o
b [ configurations Visualization
A ;' Computations & Results © % (7 & IsoSurfaces ve @
FeenIntComputation - CFD o® 7 -
- [0 Wing.case
FUnstructPanelMesh ) Inlet
FUnstructPanelMesh + B Model-fuselage Save Setup Load Setup
FUnstructPanelMesh 1] Model-te -
FUnstructPanelMesh 1 Model-tip S
FUnstructPanelMesh =) Model-WinglE * IsoSurfaces 0 ox
FUnstructPanelMesh + B Model-WingPs
FlnstructPanelMesh + B Model-wingss '
FUnstructPanelMesh 1) Outlet @ | IsoSurfaces
FUnstructPanelMesh [:_"Tu Symmetry E—
FUnstructPanelMesh 1 walls
FUnstructuredMesh - |ﬁ Region 1 Izo Values 130 0 - (7]
FlsoSurfaces ~ @ | IsoSurfaces — o
FContourPlot I—@) ) velodtyPlot Mapped Datz | VelodtyMagnitude Q - Izl
+ [ Result Values
+ Q Process Output visualization
P ! Visualization Toolbox
+ @ 3D visualization O % [/ O velodtyPlot @ [~.]
+ My Color Maps
+ [ Data Extraction O X 4 MR
I I_@ Applications
Save Setup Load Setup

15
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Iso-Surfaces — Wave Patterns

As another example for iso-surfaces, we can visualize the wave patterns

from a CFD analysis of a ship hull.

Select the region where you want to display
wave patterns.

Choose “create new” from the pull-down
menu of your region.

Click on “FIsoSurface”.

“0.5”

fraction of 50% air / 50% water defines the

For iso values, enter (a volume

free  surface in maritime

typical
applications).

For mapped data, choose the volume
fraction of water or air from your CFD

result data.

Create a new contour plot ("FContourPlot”)
via the visualization pull-down menu of the
iso-surface (here: “zcoordinate”)

Choose the z-coordinate as mapped data.

Add a color map and use the presets.

16

Region
-—@ /& Isosurfaces
@ ) zcoordinate

-
Q0 x
FIsoSurfaces

=

r*. 4 ) IsoSurfaces

- | IsoSurfaces

General
Positons (0.5 - @
Mapped Data | VolumeFractionAir 1@
Visualization
O x [/ O zcoordinate - *Q
o X 7 -+ @
[ Save Setup Il Load Setup
& zcoordinate ~Qx

FContourPlot

8-

Q | zcoordinate

General
Mapped Data |z coardinate @
Divisions [ 10 HE
coories (Qroiae |- 4 4 @ ()
Presets

- Black isolines on colored surface

p——




General Visibility: Local and Global

BCAESES

Back to our simplified aircraft: Visualizations and data extractors can be

switched off and on in a local and in a global manner.

» If you want to deactivate a data extractor or visualization item for a specific part of your

results (and the item is used for several regions or boundaries simultaneously), then click

on the on/off-button next to the corresponding object. In our example, we deactivate the

mesh visualization for the fuselage (“MeshVisualization” is also used for the wing):

[E] - CAD Q Connections D Qptimization
Type N MName
1 [ Configurations

Fl Q Computations & Results

FGenIntComputstion - CFD

- [ wing.case
FUnstructPanelMesh 1) Inlet
FUnstructPanelMesh E1) Model-fuselage
FContourPlot @ O pressureFlot
FMeshvisualization @ Meshvisualization
FUnstructPanelMesh " Model-te
FUnstructPanelMesh ) Model-tip
FUnstructPanelMesh 1) Model-WingLE
FUnstructPanelMesh = Model-WingPs
FContourPlot @ O pressureFlot
FMeshvisualization @ @ Meshvisualization
FUnstructPanelMesh = Model-Wingss
FContourPlot @ O pressureFlot

FMeshVisualization

» If you want to deactivate an item globally, then click directly on
the icon! This will set the visualization invisible wherever it is

used. In our example, the mesh visualization is deactivated for

fuselage and wing.

@ @ Meshvisualization

= Model-fuselage
@ O pressurePlot
@ EMeshVisuaIizaﬁon i

= Model-WingPs
@ O pressurePlot
@)/ g Meshvisualization |

=l Model-Wingss
@ O pressurePlot
@)/ g Meshvisualization |

1 Model-te
1 Model-tip
) Model-WingLE
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Visualization Toolbox

In some situations it is handy to have quick access to a specific data

extractor or visualization without browsing through the entire tree.

The node visualization toolbox in the object tree collects all created items for quick access:

» Simply select an item and configure it O T ey [ — y
quickly. Note that this is a global change |Type ~ ~ Name
to the item i.e. changes are updated and b L Configurations
X . . 4 Q Computations & Results
displayed wherever the item is FGenintComputation R -
referenced. r ! Visualization Toolbox
. . . . - @ 3D visualization
»  Click on the icon of an item in order to [ ©) pressureplot
set it globally invisible (same |FContourPlot © velocityPlot
FGridOutline @ gridoutline
functionality as shown in the previous |rmeshvisualization mesh
step, second bullet point). Fetreamines - Q@ ﬁ;;&:;“m
FColorMap @ velocity
- [#4 Data Extraction
FGridPlaneCut [ planecut_z
FGridsurface A1 gridsurface
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