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Tutorials

1) Simple Concept Car Tutorial

2) Drivair Car Tutotial

3) IconCFD Tutorials (These tutorials are strictly for using Ennova with IconCFD)
* Particle Simulation
» Congugate Heat Transfer

* Shrinkwrap




BatCar Tutorial

Bat Car Tutorial

Open filein Ennova
Make a new directory BATCAR on your host/server computer in your account. From the Ennova Website

download the file BATCAR.igs to this directory.

If Client/Server is on the same computer, navigate to the directory and open BATCAR.igs. If the Server is
remote, choose the IP of that computer from the list and navigate as usual. There is no difference when running
Ennova at auser level if the Server islocal or remote, except for this step.
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BATCAR on loading isall RED edges
Surfaces are not connected. They do not form any closed volume or surface quilt / shell.
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Car repair
In fact, in addition to the surfaces not being connected, there are not enough surfaces to form avolume. Nor are

there any enclosed outer CFD volumes.
To fix this geometry:

* Create an outer CFD Box

+ Stitch and Repair the car surfaces

* Add any remaining surfaces that form holes
* Obtain aclosed CFD volume



We will start by repairing the geometry and building half the car. Use the Repair icon (Band aid) menu and click
on Set Geometry and Repair Tolerances.

Set the Tolerances as follows;

* Merge Tolerance 0.11

» Defeature Tolerance 0.00 (here we are effectively turning off defeature)
* Angle Tolerance 0.784
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Automatic Repair — Initial Results

After Automatic Repair we find 8 areas where Ennova has not 100% repaired. The goal was to make the entire
model BLACK (except a RED single edge around where the symmetry plane will be).

Y ou may have noticed that we set the defeature tolerance to zero. Typically there will be featuresin the CAD
that are not important to CFD. These features can be removed later, but once removed may be difficult to bring
back if needed. Our suggested approach isto defeature as a last step. Please note that if applying avery fine
boundary layer mesh, there are some small fillets that may be important to the boundary layer flow.

8 different initia results are left to resolve.




Resolving Initial Results— Remedy 1
Result: Extra Surfaces Require Removal

Select the top RED edge with RMB, and Select Attached Faces.
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Then Remove the selected face again with RMB and theinitial result is resolved.
Extra RED edges disappear and the model is watertight and BLACK.
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If we had selected a BLACK edge, then two of the faces would have been selected/highlighted. These selected
faces are not displaced.

Use RMB -> Show Itemsto display them.



Resolving Initial Results— Remedy 2
Result: Tail Surfaces- Extraand Missing

Thereis an extravolumein the tail fin area of the car marked by the YELLOW edges. Ennova can pick thisentire
volume minus the shared faces automatically. Use RMB -> Select Attached Manifold. Select one of the BLACK

interior edges.
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Oncetheregion is selected, use RM B -> Remove to remove the extra geometry.
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Thetail surface is missing, so there are some surfaces in the bottom that should trim to each other but do not.
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Next we will look in detail and learn some more Ennova commands.

First we will fix the tail surface and then split and connect the floor.
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Note: We could have increased the internal tolerances to allow Ennovato do some of this work automatically, but
here we want to demonstrate various repair methods.

Concentrating on the areain the circle, we see asurfaceismissing. First use RMB -> Project Vertex on the edge
to create a new vertex.

Next, click-select thefirst vertex, select the second vertex using CTRL and then use RM B -> Cr eate Edge between
Nodes. Noticethat the RMB is context sensitive, so with different items selected there will be different commands
available. Do the same for the other nodes of the rectangle.
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Now there will be 2 RED edg&s and 2 BLUE edges. The RED are connected to one surface and the BLUE are
free. Experiment with RMB -> Select Attached to verify.
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Next, pick the 4 edges and RM B -> Create Face from Edges to make anew face. Notice the edges change color
to match the new status.
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On thefin, select one RED (single) edge and use RM B -> Create face from single edges.
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A new faceis created to fill the loop and all edges are BLACK.
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There is one more missing Face. Select the edges as shown and use RM B -> Create Face from Edges again,
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and the Remedy 2 is complete.
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Resolving Initial Results— Remedy 3
Result: Missing Edge and Face

Here we use the exact same methodology asin Remedy 2. Wefirst create an edge between the two nodes,

and then select the 4 edges to create a new face.
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Resolving Initial Results— Remedy 4
Result: Surface Gapsat Edges

Here the CAD model cockpit does not intersect well with the car body. The surfaces don’t quite line up and there
are gaps.
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First use your previous skills to build the missing face in the green circle.
Hint: Use RMB -> Create edges(s) and RMB -> Create Face from Edges.
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The new face is highlighted.
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Next, select the face and the new bottom edge of the new face. Use this edgeto RMB -> Split Face at Edge.
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Now Project Vertex to the top edge and create and edge followed by a split using the same sequence as we learned
previougly.

i; L ; W . et 1L 1Y |

ol LR b e kBT OS B0 A
b B -

SE s G FEL AQD
e L T [ERFL-TY O DeeeCew el

¥ Iocwl coarginacss
o B guomsrry

Then we have the following topology.
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Finally, split the back surface.

gy v .

b 1 e . CRoE S A0S 30 AR

¢ L 8 P**Iﬂﬁ'#l GH F&Fd AB P £
o e et g T L= e [

LY

L
& B sy

§ et i | i

.

Now the topology is correct at the gutter of the rear of the cockpit. It isnot correct at the front, but we will
address that in Remedy 6.

Resolving Initial Results— Remedy 5
Result: Surface Gapson Faces

Here the wheels are open and need the backs filled. Use RMB -> Create Face from Single Edges. Note: For
simple loops, do not click and choose every edge. Just pick one and Ennovawill fill find the loop.
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Do the same for the front wheels. Some surfaces are missing as we saw before and some surfaces are too far apart
to connect.

Resolving Initial Results— Remedy 6
Result: Disconnected Car Hood and Windshield

First locate tiny weird geometry at the hood and windshield inside the green circle.
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Select nodes and merge them with RM B -> M erge Nodes.
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Then use RMB -> Create an Edge through nodes that are missing and use RMB -> Split Face at Edges to cut
the windshield.
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Select the resulting triangle surface and Remove.
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Then select long face edge (RED) and RM B -> Create Face from Single Edges.
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Now the area should be locally watertight (BLACK).
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Merge the two nodes at the end of the RED edges as these surfaces need to be forced to connect. Remember as
we are working on the topology, even if the CAD surfaces do not connect in real life, in our mesh space we simply
declare them to be connected. Thisis one of the principle advantages of performing CAD repair in Ennova versus
atraditional CAD engine.
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Once the nodes are connected, use RM B -> Merge with Adjacent Edgesto connect the surfaces.
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Next we will finalize the front end of the work we did in Remedy 4 and remove any excess trimmed surfaces.
Looking at the geometry (still intheregion of thelast green circle), we see the highlighted surfaceisnot long enough
to reach the front of the trench between the cockpit and the body. So we will project nodes, create edges and finally
create aface and then perform splits exactly the same asin the rear.
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Start by splitting out the corner surface. Remove the two surface “ears’.
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Finally, following the green arrows, project the node to the two edges.
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Create edges through the new and old nodes and then create the missing face.
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Split the end face corner.
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Then split the remaining face along the shelf.
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Find aBLACK edge connected to a RED edge on the bottom of the shelf that we split off. Collect al the surfaces
that are extraand connect back to the main body viaaY ELLOW edge by using RM B -> Select Attached M anifold.
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Make sure you have what is highlighted and then remove this manifold.
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The area should now be BLACK indicating that all islocally watertight.
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Resolving Initial Results— Remedy 7
Result: Unfilled Loopsin the Wheels

Use RMB -> Create Face Single Edgeto fill al the loops in both wheels. There are 10 loops that need to be
filled.
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Hint: Onthegroup list pane, try turning off nodes, double and multiple edges. That way, only RED linesarevisible.
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Resolving Initial Results— Remedy 8
Result: Gaps Between Floor and Car on Symmetry Plane

Zoom in on the rear of the car and use RMB -> Create Vertex on Edge at the corner of the edge that does not
have avertex.
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Next, use RMB -> Project Vertex to Edge by selecting the Green arrow vertex and RED arrow edge to make the
new vertex. Then create the missing edges and facesto fill the gaps.

Fill in the three faces including the triangle step face.
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Now the region should be locally waterproof.
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On the front end of the car the floor/body intersection is not valid as indicated by an extra RED edge.

merging the end nodes.
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Then, one of the edges will share both end nodes. Now use RM B -> M erge Adjacent Edges.

% TR i L et LB T “re Y
T e P T S S — -
o Sl LI b e =A B OO O% S0 AR

o - PP j"éﬂ"“ i+ Gd  pES AQ N o

S T e

BATCAR CAD Repair Complete

That concludes the repair of the car. This stage of the tutorial model is saved as caronlyrepair.ecf. Notice that the
car isall BLACK except the single edges that will connect to the CFD domain.
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CFD Domain Set Up
Usethe Box icon to add abox. Set box to:

. Start Point (5350, 0., -84.5)
- End Point (6815, 285, 270)
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Don't forget to press “add” to finalize the box geometry in the model.
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Geometry Repair

Select the edges of the model that are RED and lie on the symmetry plane and also select the symmetry planeitself.
Use RMB -> Split Face at Edges to connect the model to the symmetry plane. The edges will turn YELLOW

at the connection.
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Then select the new middle face. Remove it with RM B -> Remove.
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Finally, the wheels need to be trimmed to the floor.
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After running the Stitch Surfaces command, the intersection of the wheels and floor will be trimmed.
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Now the geometry repair is finished.

CFD Volumes

Y ou will now see mainly BLACK edges and three YELLOW loops, one YELLOW loop for each wheel and one
for the symmetry plane intersection with the car.
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The next step isto extract the CFD volume. Use the Volume command to compute the volumes.
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RMB on the volume domains is not necessary.
Choose RMB -> Delete group and contentsfor volume 1, 3, 4, 5 and 6.
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Ennovafinds 6 volumes;

*  Two wheel partsinside the box

*  Two wheel parts outside the box

* Theinterior of the car

* Theexterior of all the geometry (car + wheels) which isinterior to the box

Volume 2 isthe CFD domain we want. We will remove the other domains for this analysis.
Boundary Conditions
It is convenient to setup the boundary conditions next.

e Inlet

* OQutlet

*  Tunnel Walls
* Floor

Select each surface in turn and use RM B -> M ove to Group to rename each boundary.
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Mesh Control

Ennova uses a parent child hierarchy as the control for the mesh. If nothing is set for the child, then the child’'s
parent is used for control. If the parent is not set, then the parent’s parent is used, etc. The top default levels are

the global parameters.

We will start by setting the global maximum mesh to size 35. Ennova uses many clever algorithms to set mesh

sizing and usually choosing a reasonable maximum size is sufficient to get a good starting mesh.
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Surface Mesh

First we can test a mesh to have a look at our mesh sizing and to test its quality. Obtaining a smooth error free

surface mesh is key to obtaining agood CFD volume mesh.

Set the Surface Mesh Only radio button.
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Generate the surface mesh by clicking the Topology M esh icon.
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Use the stethoscope to check the surface mesh.
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It will report that the mesh passes al tests.
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Set Up Boundary Layer Prisms
In Ennova there are severa ways to input and control the prism layers. Today we will use the dropdown box to
control from which surfaces we will extrude prism layers. We will then check the input using the spreadsheet.
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Use the View M eshing Parameter icon to get to the prism control.
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Prism Control
In the Control, highlight the volume and the groups that need prisms.

*  Floor

+ BATCAR

+ BATCAR?2

- BATCAR3
Next:

*  Set prism control to volume
* Set height to 0.004

* Setgrowthratioto 1.3

*  Set number of layersto 35

Press Accept. Open the mesh parameter settings spreadsheet and obtain a different representation of the model.
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Volume Mesh with Prisms

Go back to the Setup M eshing icon and change the What to M esh rule to Surface + Volume Mesh with Prisms.
When asked, select Yesto clear the existing mesh.

The complete mesh will be generated.
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Mesh Diagnostics and View Slice
Check the mesh onceit iscomplete. Y ou can run the same mesh diagnostics as we used for the surface mesh earlier.

Use the Slice Tool to view the interior mesh.
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Export to Fluent Format
Use the Ennova | con to find the Export command. Choose Fluent Export.

The mesh is now complete.
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Drivair Car Tutorial

DrivAer Car Tutorial

The DrivAer car is available after registering at this URL.:
http://www.aer.mw.tum.de/en/research-groups/automotive/drivaer/

Once the download is complete, this tutorial uses the following parts:
# 01_Body.stp

02_Underbody_ Detailed.stp

03_RearEnd_Fastback.stp

04_ExhaustSystem.stp

06_Wheels Rear Smooth.step

05 Whedls Front_Smooth.step

H H OH H H

The CAD Model
Loading the parts listed above will give the following model in Ennova:

i_.iy b B |4 bk .8 1 mew]
@
&

1.00a-+003 2. 00¢e+003 40084003

CFD Domain
Add abox as CFD Domain.

Note: We will keep the domain small for the purposes of the tutorial, but a CFD domain of 1-2 car lengths upstream
and 6-8 downstream would be a normal minimum.
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Repair
Set repair tolerances listed below and Run Full Repair:

* Mege 15
* Defeature: 0 (wewill not defeature until later)
* Angle: 0.784
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Further Manual Repair
Almost the entire repair of the car has occurred automatically. Ennova has largely been able to understand the full
topology. Looking at the tree for hints we see the mirrors have not been successfully created as volumes.

On ingpection there is a double face where the mirrors attach to the car. Like the exhaust, had we removed these
surfaces before the merge they would have been treated correctly by the automatic routines. Sometimesit is easier
to simply help the automatic repair ahead of time. Or just delete the surfaces.

Use RMB -> Remove to delete the surfaces.
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After deleting, notice that there is atiny extra surface at the lower front as well. If you miss this Ennova indicates
it by displaying it found “single edges* in the tree.

We do the same for the other mirror, but now that we know there are two surfaces to delete we can be more careful
and use Select Attached Manifold to select all the surfaces at once. Often Select Attached Manifold is safer when
there are large and small entities together.
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L ocate Single Edges
The next step isto locate the remaining single edges. For a closed volume that has no baffles we cannot have single
edges.

The easiest way to do this is to turn off all nodes, edges, and surfaces and turn on only single edges. Find them
in the Display by pressing the home icon. If they are still hard to see, use RMB -> Select All Visible. This will
highlight them.
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Exhaust Detail
Once selected, we see an issue in the exhaust at the rear of the car.

After inspection we see that on both exhaust pipes there is not an intersection with the car muffler. We need to
manually split these surfaces.
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The green arrow indicates the surface that needs splitting. Note both the Black and the Red edges need to be used
for splitting.

Highlight the correct surface and edge and use RM B -> Split Face at Edge for both exhausts.
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The yellow edge is now a closed loop. Rather than look for Red edges (single) we could aso have searched the
model for open Y ellow edges indicating a problem.

Fix both exhausts.
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Fig. Rear Exhaust After Fix

There is still one more open yellow loop in the model. It is harder to find, as it is a very small gap. One way to
research amodel is pick ablack edge that is on amanifold that should be able to be displayed easy. For example the
inboard end of the exhaust header should be one manifold for just until it crosses the body.

Selecting the manifold highlights the whole exhaust, so this yellow loop is leaking.
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On close inspection there are four surfaces intersecting here and one of these did not split.
Face at Edge to fix as usual.
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Use RMB -> Split

The model is now complete. Use the Find Volume command to reveal 17 volumes.
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Volume 1 isthe CFD Domain we want. Use RMB -> Delete Group and Contents on all other volumes.
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Select and Move boundaries to appropriate groups.
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The model is now ready for meshing.

Mesh Control

Set maximum sizes.
e Car 12 mm
*  Wall 500 mm
*  Floor 200 mm

Set Blayer height to 0.1 mm with 15 layers.

Use the Mesh parameter spreadsheet and dropdown box.
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Basic Mesh Parameters
Create Density Box around Car and Wake
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Defeature Model

Now the model isavalid volume. Set the defeature parameter to 5 mm and run the Defeature command. This
will remove any CAD artifact that did not mesh well.

Note: We are only defeaturing the topology of the mesh. The underlying CAD geometry is unaltered.

A final surface mesh x, y, z point always lies exactly on the original CAD geometry.

Surface M esh — Diagnostics 1

At this stage, try a surface mesh. Ennova will come back reporting that a partial mesh has been created and ask
whether you want to load it. Answer No to this, and No to viewing the unmeshed faces. Instead, look in the check
mesh and there will be an unhappy face. Click on thisand it will take you to the model face that could not mesh.

There is no tutoria for this as it is a sliver surface, extremely thin and hard to view. Track it down by turning
everything else off except the smiley face.

Delete the face and there are two red edges on the left close together. Merge those nodes together using Merge
Adjacent Edges. Remesh again.

Use the unhappy face and the Home icon to find the next unmeshed face. It is easier to see and is on the exhaust.

Asthisisin anon-critical location, simply removing the face and using RM B -> Create Face at Single Edges will
fix theissue. Thefaceitself isoverlapped and not trimmed correctly.
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Repeat this procedure again to find one more sliver surface. Then a complete surface mesh can be loaded.

g ekt
2 iy | e | g it B kit | igmanai =
G B0 FEER BERSQ ﬁ m OO0 EE - GEYEREFH _-_-_Lh:"!':-."s"
¢ S B8R nal BNwO HAsaRe @R FEGgeR o =
- - el B g i - -

e =

TEm

L
-}
i
L)
g
(]
m
m
[
m
m
iy o
n
Ll
m
m
i
m

1.1

S0e+ 003 2.00e+00)
i LR £ U0e+0a

| smtar

[*4v+wt5’--'- FRE g T RSB IRT R RIS o PR PR S EE Se e S

q 51 Iﬂl?]

TR | |

Surface M esh Diagnostics
After running the mesh diagnosticswefind there are some duplicatefaces. Usethefind small entity tool to find them.

In this case an edge is not meshing/projecting properly. Simply split the edge with a vertex and re-mesh. A valid
mesh will result.
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At this stage avalid mesh should result. Similar to before mesh diagnostics can be used to verify the quality of
the mesh. Using the Ennova button the mesh export dialogue box can be used to export the mesh to the desired
format. This concludes the tutorial.
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Particle Simulation

A Manual for
Particle Stimulation
Using EnnovaCFD v1.5

& IBA
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Conlenls

Settings for steady—unsteady particle simulation
1. Importing the data
2. Setting the iconCFD solver
3. Running the simulation
4. PostProcessing

Settings for unsteady, coupled fluid-solid particle simulation
1. Importing the data
2. Setting the icoCFD solver
3. Execution and postProcessing

e targeted version:
ennovaCFD1.5
iconCFD3.2.11
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Settings for steady—unsteady particle
nulations
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I-1. Jmporling lhe
Use the LPT_L2P.ecf in the sample data. It has already been meshed with

ennovaCFD.
Import LPT_L2P.ecf
Qutlet

wopes PP W T - o <>
L L CH homebenare testiFeportichoutl 1 iestinartice. = O 0 O L EIEE | POthEdral mesh
¢ Computer jirn s 5 Type [
JEr LPTLIP mashect | | B36 K el File El|
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e
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me  LPTLIP meshect =
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STL Import Options
Foature hogle - 43 Unit [miam =]
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Localeaghe -5

59



1-2 Sellmg the tronCFA

Since the polyhedral mesh has already been set up by ennovaCFD, we
could proceed to set up the solver with Setup with Ennova Mesh.

l@ fbed B e om Ennoy

Geometry Mesh Setup with iconMesh I Setup with Ernova Mash I

@~ Jov @" - fe o8
& - @B # %AQD P& W

Dizplay
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-2 Selling the tronCHL

In the current case, after carrying out the
continuous incompressible, steady state
simulation, we will use the results to perform
the unsteady simulations (discrete phase).
In the Physics panel, we will set up for
physics of the continuous phase
(steady/unsteady,
compressible/incompressible temperature
turbulence) and particles. |
Set the solver as follows

Time Steady State

Conjugate Heat Transfer .Off

Energy Equation Off

Compressibility Incompressible
Buoyancy Off

Turbulence Model RANS

RANS Model Standard k-¢

Particle Calculation: Particle Tracking

..........

61
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Physics (Ennova)

Group List

Physics (Ennova) 8 X

= Time

Time ’Stsady State

— Temperature

Conjugate Heat Transfer | Off

Energy Equation [Oﬂ
Compressibility Incompreszible
Buoyancy Off

= Turbulence

Turbulence Model |RANS
RANS Model  |Standard k- &

— Particles

Particle Calculation [Particle Tracking




1-2 Sellmg the tronCFA

In Physical Properties panel we set the o)
physical properties for the continuous M

phase. In this case, we will use the physical @)
properties of air.

Physical Properties (Ennova) 8 X

Select Volume Group

\.l’olumell @:%Pl[‘l‘t -Lf'll,‘l[l'[ht[‘:

ilial (pressuer, turbulence)

|

= Ihitial Values

Init Pressure (rel) [m#/s9] 0

el Fluid a &uim Type I[FH‘"d—'ﬂ Tnit Ref. Velocity [m/s] 10
L. ™ - R ——
= Fluid Properties Init Turbulence htensity  0.03
N h[‘[all“ Init Mixing Length [m] 0.005
. i i ixing Length [m .
properlies Perailieint] —
Kinematic Viscosity [m#s] 151e-5 — Reference Pressure

Ref Pressure (rel) [m3/s2] 0
Ref Point % [m] ]
Ref Paint Y [m] 0

G Sel the Inil Mixing Lenglly rdmondzn 0
of lhe rharvaclerislic lenglh of The talel
(in the rurrent casdlifillis

ot satm

62



-2 Selling lhe iron@#FD

articles Settings

2 Explanation of the Injection tab

Settings . |

X

ticle jectbly £—dterbion———
| Injection On b4
bection (a—
Time of Injection [sec] 003

ion [sec] 0.1

ster [m] 1.0e-4

Flow Rate [ke/sec] le-3

Parcels [1/sec] 10000

ity Magunitude [m/sec] 1

Inner [degree] 5

Outer [degree] 15

an X [m] 0025

on Y [m] 0

on Z [m] 0025

o A 1

rion Y’ 1

ion 2 0

HADOBP < W

melhod of Ihe parlicle at®

(3) Mhen iniecling lhe parlicle from Ihe bo
selecl Palely Injeclion Do Bdelailed
miormation will be sel al the Boundary
(p.ld

(4) In lhe rase of Cone shape spray

the paramelers are sel as
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1-2 Sellmg the tronUF1L

articles Settings
2 Explanation of the Injection tab (Contd)

ticles Settings .

o

Injection | Properties l Controls ] Post Process !

= Particle Injection

Patch Injection

Core Injection

Start Time of Injection [sec]
Duration [sec]

Diameter [m]

Mass Flow Rate [ke/sec]
Inject Parcels [1/5ec]
Velocity Magunitude [m/sec]
Theta Inrer [degres]

Theta Outer [degree]
Position X [m]

Position ' [m]

Position Z [m]

Direction X

Direction ¥

Direction Z

on -

on -

003
0.1
1.0e-4
le-3
10000
i

5

15
0025
001
0025

..........

Start Time of Injection . start time of injection[s]
Duration . Duration of the spray([s]
Diameter . diameter of the particle[m]
Mass Flow Rate . mass per second[kg/s]
Inject Parcels . number per second[1/s]
Velocity Magnitude . velocity of the particle[m/s]
Theta Inner/Outer . angle of the cone [deg]
spray in between the
Inner~Outer angles
Position (XYZ) . position of spray point[m]
Direction (XYZ) . direction of the spray
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1-2 Setting the tronC#1

articles Settings
a Explanation of the Properties tab

licles Settings B X

Injection | Properties | Controls | Post Process
— Particle Properties

ensiy be/m] 10000 Density . density of the particle [kg/m3]
fin. Density (ke/m] 1.0e-15 Min Density - minimum density of the

i continuous phase at the location of particle
[kg/m3]
Min Mass . the minimum weight of the
particle [kg]
A3

..........
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12 2elling Ihe tronCiF4]

articles Settings

® Explanation of the Controls tab

5 Settings

& X

tion | Properties || Controls IPost Process |

ntrols of Particle Tracking Calculation

Time [sec) 02
s Time [sec] 0.001
 Frequency [sec] 001

rticle Controls

Particle Courant Mumber 03

i Predictor Only [oif

y
A

zrsion Model

[Stochastic Digpersion RAS ~ |

ity [On

=
)

ity Acceleration ¥ [m/s2] 00
ity Acceleration Y [m/s2] -9.81

ity Acceleration Z [m/s2] 00

sure Gradient [on -

al Mass |oif -

Force Model ’Sphere - i

orce Model [None - I
A

..........

End Time . End time of simulation [s]
Delta Time . time steap [s]
Write Frequency . output interval [s]
Max Particle Courant Number .

Maximum courant number
Could Predictor Only . When it's ON, the
particle calculation will be carried out for each
timestep.
Dispersion Model particle dispersion model

Gravity : Gravity ON/OFF

Gravity Acceleration (XYZ) Direction of
gravity

Pressure Gradient Force from the pressure
gradient ON/OFF

Virtual Mass . Force from the virtual mass
ON/OFF

drag force model

Drag Force Model .
- lift force model

Lift Force Model
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articles Settings
» Explanation of the Post Process tab

ticles Settings

12 Sellinyg

& x

Injection I Properties ] Controls

= Post Process -

Qutput Parcel Information 1

Fost Process

Output Patch nformation |On

Max. Stored Parcels

10000

..........

lhe ironCFD

Output Parcel Information . output
parcel information of the particle

QOutput Patch Information

- output of the

patch information ON/OFF

Max Stored parcels

particles
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-2 Selling the ironCFHD
Boundary Conditions

m Set the boundary condition of the continuous phase at the inlet.

5
@

| Boundary Gonditions (Ennova)

Select Boundary Gondition Group

et | (2)Select inlel
trap

(B)Srlerl Jin
selecl delor

lel al BE Iype,
tly Normal to surfa

Tnlet Type

[Inlet

)

[welocity Normal to Surface

7

Mormal Velocity [m/s]
Turbulence Intengity
Mixing Leneth [m]

§
no3
0005

@)Set the velorily and the
lurbulenee properlies.
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-2 Selling e ironCHD
Boundary Conditions
m Next, set the Patch Injection of the particle at the inlet.

rticle
_ (M Inieclion:
ion on ] :
Time of Injection [cec] 0.05
ion of Injection [zec] 0.1
-le Diameter [m] 1.0e-4
- Flow Rate [ke/sec] le-3
ion Rate of Parcels [1/sec]| 10000
ity X [m/sec] 0o
ity Y [misec] 0o
ity Z [mfsec) 0.0
A
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12 2elling the tronC#4
Boundary Conditions
m Set the boundary condition of the continuous phase of the outlet.

Boundary Gonditions {Ennova) g x
Select Boundary Gondition Group

L ] (DSelecl ounllel

Qutlet Type [Static Pressure -|
| Static Pressure (rel) [ma/s#] 0

BC Type [Outiet vlw

@)Seleel BC lype al oullel, ant
selecl Slalic Pressure.

ot satm
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-2 Selling lhe iron@#FD

Boundary Conditions
m Set the boundary condition of the continuous phase and the particle

for the Tra_p.

<P

y

Boundary Gonditions {(Ennova) 8 X

Select Boundary Condition Group
inlet

ltrap | @ Selecl Irap
BG Type (vial A @Select Wall al BE Ly
Wall Type | No-slip Wall = (Delaull

Wall Velocity X [m/s] 00
Wall Velocity ¥ [m/s] 00

Wall Velocity 2 [mfs] 00
= Particle

Wall Interaction of Particle|Stick -

@) Selecl Slick al Wall
Iulerarclion of Parlicle
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-2 Selling lhe tronCHA
Boundary Conditions

m Set the boundary condition of the continuous phase for the wall and
the particle condition on the wall.

Boundary Conditions (Ennova) & x'|
Select Boundary Condition Group
nlet
outlet
Ll 1) Selecl wall
BG Type [Wal | @Selecl Wall al BC
Wall Type | Mo=slip Wall =] {hz‘[‘nu]}l

Wall Velocity ¥ [m/e] 00
Wall Velocity ¥ [m/g] 00

~ | =~
Wall Velocity Z [m/s] 0.0 @)Srelerl] Rebound al MWall
— Particle dulerackion of Parlicle
Wall Interaction of Particle | Rebound -
Restitution Coefficient 05
Friction Coefficient 05

vp= (1-Firction Coef)vpt - (Restituion Coef)vpn
Vp: Velocity vector of the particle after rebounding
Vpn: Normal velocity vector of the particle before rebounding
Vpt: Tangential velocity vector of the particle before rebounding
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-2 Selling lhe iron@FD

Set the solver for the continuous phase at Solver Parameters panel.

# AB0HFD

m Start Step/End Step
u AT

m Time interval
m Write Control
m Write Interval
m Convergence

m The criterion of convergence (in the case of 0,
simulation will persist until the specific iterations)

m Relaxation Factor

Solver Parameters (Ennova)

= Fun Time Control

Start From | Start Step

Start Step 0

End Step 100
AT 1

Wiite Gontrol | Time Step

Wirite Interval 100
Corwergence  0.001

T~ STGrTng TIme Cotesdy)

High Scheme 100
Turbulent 0

= Relaxation Factors

Pressure 03
Flow 0.7
Turbulent 0.7
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-2 Selling lhe iron@#FD

Set the solver for the continuous phase at Solver Parameters panel_

#ABOBTW

Setup

m Scheme
m Differencing scheme

m Parallel Processing
m Parallel settings for iconCFD

= Scheme

Flow  [MUSGL

Turbulent | Upwind

= Faa|E| FFEESS INg

Method | Hierarchical

X Partitions 2
Y Partitions 2
Z Partitions 1

Order  |XYZ
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12 Selling the tronC4

Saving the files for iconCFD solver
m Save the files set in ennovaCFD

@ JEI@ P

CAD  Geometry  Mesh  Setup with iconMesh | Setup with Ennova Mesh

v lor @ 9~ .

@

o oen *AO0BS G

Display
€ Save Mesh to OpenFoRm m;e.x_- =
'h&mtﬁmu) 5 x Lek we = cwep Raper 13 b fiee Q20 .EEI@
e (@ My Compiter Hame T Troe o
FOAM Dir ~/iconGFD-v328
[ Change icorCFD hstall Dir -
P =
= Case Setup a0 J
e RECOVERY (V) |
Use Potertial Flow [Off - 3 '?'.;:L, ,I . - v
@ | Export Setup to FOAM Directory name (LPT: |
[ Run Sokver Scaling : ] ]
Localsagls |-
(& a=nirr thr tolorr e
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-3 Running

After the mesh and solver settings in thejWindows termjnal, copy the files to
a system where iconCFD could run (sucl as simulationjserver)
Execute runHPC.sh to start simulations ;
After the simulations, copy the results to ghe original terfninal (windows).

The folders of the following kinds will be generated aftef the simulationys
are finished. The output frequency is as $pecified in thejSolver Paramgter

panel.

® Inthe case of multiple processors » In the case ofi§ingle processor

BAEl -
0
250
500

processor | 250 750 Rresulls [or ru n

processar? . 500 Meoulls [or cuert 1000 ileralions,
| processord 750 ileralions.
canstant
system 1000

system

E T

. constant

. processarl 0

_ afoam
| afoam
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l-d PJoslProcessing

Reading the simulation data from iconCFD 1/3

m In the case of multiple processors
m Put system constant processor* * foamfiles to a location accessible by
Windows-PC.

m In the case of single processor

m Putsystem constant time directories *.foam files to a location accessible by
Windows-PC.

Selecting the postProcessing method
m Before reading the files, choose to process the results using multiple processors
or single processor.

r\@@nn' 15@6}

GAD Geametry Mesh Setup with iconMesh Setup with Ennova Mesh fipplications

Qvler B9 DD @ L [§ o e e e
+ Q. @.@ Eﬁ] E[‘-j 20 G [ 1_11:11'5‘ Lﬂluuhr

Display User Parts Visualization
iroup List & X |

G =

Mulliple proressors  Single processor

..........
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-1 PosiProressing

it

1

Read the output data of iconCFD  2/2)
m “a.foam” js automatically generated by runHPC.sh

F Al
@ e o . =
Look in: % ). home¥enova test¥Reportéchoud 13 testéResult¥01 LPT » O O @ LI [EA
2 My Computer Name g Size Type =

. processor() File Folder
|, processor | File Folder
|| J& processor2 File Folder e
e 05 (C) - || )i processor3 File Folder =
é D: _| . system File Folder
< RECOVERY(Y) || afoam foam File -
& Home |14 m | 3
File name: afoam '
Files of type: |Geometry Files (xscf Y7adp ¥t Apgs plk *bdf *fosm) v|| Ganc ®
STL Import Options 2 El-r[TEl”.
Feature Angle : 43 Unit:
Vertex Merge Tol: 0001 || Merge vertices within each file
[] Merge vertices between files
Localeagle 10-k
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-1 Poslproressing
The particles could be visualized when the opacity of the boundary is changed.

=4 CAD Geernetry Mesh Sell.p with iconMesh Seupmﬁ'i Ennova Mesh _ ﬁpplimiinne 9

blor B9 DO BE S
¢ o9 ee spaa W9 PBME

|| Display | User Parts Visualization

iroup List [ 4
view
local coordina..
> mesh
a Results
4 Default Parts
() inler (@ Const
M @ cutlet (O] Const ) .
& @ trap @ cons:c @'tghl rlirk 1o
Gigwall @ const | |adjust oparily
ST

lagzang:l.an I Fecams
Edit
Delete

LR LAY s .20 AL L]
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I-d Poslproressing

The animation of particles by reading the time history files in ennovaCFD.

0.05 [s] ' 0.10 [s]
O
0.20 [s] ' 0.15 [s]

- Select the initial
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Settings for unsteady, coupled fluid-solid
ticle simulation
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2-1. Jwmporhing e
Use the sample file LPT_L2P.ecf. The polyhedral mesh has already been

generated.
Import LPT_L2P.ecf
: Outlet
vopn PP W T - )
T —————yre—— YRR | 1 G Polyhedral mesh
y Computer i = 5 Type o
[ LPTLIP mashect | | B36 K et File 0
15
CCOVERY (V) |
me LTI meshect —/
type: | Qeometry Files (%eci #reds *3t] *ras sbk *bdf *joam) ][ Gocel | [
ST Impart Options
Fasthre gl 43 it [miom =]
ertnx Marge Tol. DE1 [] Mergn verties within each fde
[¥] Merge vertioes betwesn filss
Locatesehs 05,

Trap
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-2 Selling heonCHFBoluer

The solver settings will be in the Setup with Ennova Mesh panel.

@ TR e B

CAD Geometry Mezh Setup with iconMesh I Setup with Ennova Mesh II

@vlor @ O~ = :
6 ons TABEBFE
View Display Setup
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In the current case, the unsteady and fluid-
solid coupled simulations will be carried out.
In the Physics panel, the settings for the
continuous phase (steady/unsteady,
compressibe/incompressible, temperature,
turbulence models) will be carried out.

The settings are as follows

Time .Transient

Conjugate Heat Transfer .Off

Energy Equation Off

Compressibility Incompressible

Buoyancy (Off

Turbulence Model RANS

RANS Model -Standard k-¢

Particle Calculation: Lagrangian Particle Model
Two-Way Coupling: On

----------

i
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22 Selling lheonCiFBoluer

ABO® e @

Physics (Ennova) =] x:
| = Time I
i Time | Transient v]
| — Multiphase Flow Setup !
| Phase Setp |Sinele Phase -
I = Temperature
| Gonjugate Heat Transfer |Off -
| Enerey Equation (oft =
= Compressibility [Incumprassibla v]
i Buoyancy [Off v]

= Turbulence
| Turbulence Model [RaNS -
| RANS Model  [Standard k- -]
| = Particles
| Particle Calculation [Laerangian Particle Model ~ |
i Two-way Coupling [Oh ']
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-2 Selling heon@FBolurer

In the Physical Properties panel, the
physical properties of the continuous phase
will be specified. In the current case it is
treated as air.

Physical Properties (Ennova) F X
Select Volume Group / ®Inilial condilions (pressu
[Folumel | wrbulence )

= Initial Values -

@)Seleel Wohwhe

Init Pressure (rel) [m3/s3] 0

Tnit Ref. Velocity [m/s] 10

Ihe #luid ReeionType | Fluid 1] nit Turbulence btensity 003
0, lbr = Fluid Properties Tnit Mixing Leneth [m] ~ 0.005
I wvalure is ll!:"eir:ss ] Tane = Reference Pressure
El[ properl ‘E'hematic Viscosity [m#fs] 151e-5 Ref Pressure (rel) [m?/s7 0
1 Ref Paint X [m] 0
Ref Point ¥ [m) 0
U Ref Point {B) ImiMixing L eniglhsel a
1 7% of Ihe chararlerislic
of lhe
i,
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~— 2relling heonCHFGolurer
1e settings for the particles in the Particles Settings panel.
# Injection tab

# AD0B @
@) Sel learlicle injeclion condilions lor lhe © Setup
dnireclion

UH (3 When iniecling lhe parlicle [rom e bowm
selerl Palel Iniection ohe Dedailednlormalion
will be sel al e BWoundary Condilions

ﬂ (@) In lhe case of Coune shape spray

the parvawmeters are sel as

ot satm
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22 Selling lheonCFBoluer

e settings for the particles in the Particles Settings panel.
2 Properties tab

tlicles Settinegs & X

Injection | Properties | Controls | Post Process |
— Particle Properties

density ke/m?] 1000.0
fin. Density ke/m?] 1.0e-15
in. Mass [ke] 1.0e-15
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22 Selling lheonCiFBoluer

e settings for the particles in the Particles Settings panel.
# Explanation for the Controls tab

2ttings =
n | F'roperiissl Confrols ,IPostProwss

.
cle Contrals

rticle Courant Mumber 03

redictar Only [Oﬂ‘ ']
ion Model [Stochastic Dispersion RAS |
(On x]

Acceleration ¥ [mds2] 00
Acceleration ¥ [mfs?] -981
ficceleration Z [mds?] 00

& Gradient lOn v]
Mass (off -
rce Model lSphere v]
ce Model [Nune V]

88



-

22 Srelling lheonCHFBoluer
e settings for the particles in the Particles Settings panel.

ndary Conditions (Ennova) & X
ect Bourdary Condition Growp
et

tlet
-

10

> Type [Intet =
ot Type [Welocity Normal to Surface

rmal Velocity [m/s] &

rbulence Intensity 0.0%

<ing Length (m)] 3005

89



1__71

22 Srelling lheonCHFBoluer
Boundary Conditions
m Set the boundary condition for the inlet.

:ACOB @ 7
@

|Boundary Gonditions (Ennova) 8 x|
Select Boundary Gondition Group
nlet .3
et | (2)inlel _
trap @ BB Clype:
! UelorihNormal darface
BG Type [Inlet -
Tnlet Type [Velosity Normal to Surface -

Mormal Velocity [m/s] &
Turbulence Intensity 003
Mixing Length [m] 0005

(@)sel lhe vrelorily and lhe
lurbulenee inlensily
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22 Selling lheonCHFBoluer

Boundary Conditions
m Next, set the Patch Injection for the particles at the inlet.

ticle
| (D dnieclion
ion [ —1
Time of Ihjection [zec] 005
ion of Ijection [sec) 01
le Diameter [m] 1.0e-4

Flow Rate [ke/sec] le=3
ion Rate of Parcels [1/zec]| 10000
ity X [m/sec] 0o
ity ¥ [m/sec] nn
ity Z [m/sec] (1]

X
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22 Srelling heonCFBoluer
Boundary Conditions
m Set the outlet boundary condition for the continuous phase

Boundary Gonditions {Ennova) g x
Select Boundary Gondition Group

e ] (Doullel
wall

Qutlet Type [ Static Pressure -|
| Static Pressure (rel) [ma/s#] 0

BC Type [Outiet ']1

@)BClype: oullel

ot satm
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22 Dellinghe tron@F Holuer

Boundary Conditions
m Set the boundary condition of the continuous phase and the particle
for the Trap.
. Boundary Conditions (Ennova) & x
</ Select Boundary Condition Group
inlet
ltrap | @ Selecl Irap
BG Type (vial A @Select Wall al BE Ly
(Delanll

Wall Type | No-slip Wall -
Wall Velocity X [m/s] 00
Wall Velocity ¥ [m/s] 00

Wall Velocity £ [mfs] 0.0
= Particle

Wall Interaction of Particle|Stick -

@) Selecl Slick al Wall
Julerarlion of {Parlicle
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-2 Selling heonCF Goluer
In the Boundary Conditions panel, the boundary conditions for every groups will

be set.
m On the wall, the boundary condition for the continuous phase and the particle boundary condition
will be set.

1 ©OSelecl v

@BClype:  (delanll

I Fuleracliofadicle:

vp= (1-friction coeff)vpt - (restitution coeff)vpn
Vp: particle velocity vector after rebounding
Vpn: The normal velocity vector of the particle before
rebounding
Vpt: The tangential velocity vector of the particle before
A\ rebonding
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22 Selling heonCFHoluer

Set the solver for the continuous phase at Solver Parameters panel.

Solver Parameters (Ennova)

& ABOBT

m Start Time/End Time
AT

m Time interval
m Write Control
m Write Interval
m Solution Control
m PISO loops, tolerance
» Relaxation Factor

= Fun Time Control

Start From | Start Time

Start Time 0
End Time 0.2
AT 0.001

Wite Control | Run Time

Write Interval 0.01

T T

Pizo Loop No 10
Residual Gontrol (Pressure)
Relative Tolerance 0.2

Tolerance 0.00m

= Relaxation Factors

Pressure 1.0

-
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-2 Selling lhe iron@#FD

Set the solver for the continuous phase at Solver Parameters panel

% ABOBETD 5

Setup

m Scheme
m Differencing scheme

m Parallel Processing
m Parallel settings for iconCFD

& S2ve Mesh to OpenFOAM ho}ect! B
Leek i L L GO homierovs fesi¥ReperivhoLImetibatic = O 0 0 L EEE
(g M Computer | Hame: st Tipe [

[ 0810}

- b r

< RECOVERY(Y) |°

@ Home

@ Daskiog = .
Dreciory name: partiche |Ii
Sealee 1 [ Goecel |

Locataseilire
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22 Selling lheonCiFBoluer

Save the files for the iconCFD solver.

-:-.\y‘

=3 — = ]

= s e

O

p =N =0}

L= =2 S E—h +_ 1 o & 3

S0 ®

4 . == Farrcmrws

.HHH‘:

€ Save Mesh to OpenFOAM m,mi 19 it
'Run Solver (Ennova) & x| okie L oW toathR Iekatcs ~ 000 LIEEA
My Computer Ha e San m [
= FOAM Setup = > "
FOAM Dir ~/iconGFD-v328
[ Change iconGFD Install Dir |
e 05 (G0 =
- Case s
Setup < REGOVERY (¥) EJ
Use Potential Flow [Off > 3 o | - &
Laa L —
®) et Soup o FoAM B ] [
[ Run Solver | Scaeg. !
Localsagle |-

(@& a=mirr thr tur

. ™
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2-3 Runmning  the stmulalipnsifroressing

The following procedures are the same as in the previous chapter.
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Conjugate Heat Transfer

A Manual for
Heat Transfer Analysis

of conjugate heat
transfer Using

ennovaCFD v1.5

IDAJCo.LTD
Contents

1. Introduction
. Importing the STL data
. _Creating the computational domain

2
3
4. Changing the names of the groups
5. Changing the names of the volumes
6

7

9

. _Setting of the mesh size
. Saving the case files
. _Running the simulation
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##Introduction
This manual introduces the use of ennovaCFD v1.5 and
iconCFD3.2.11 to carry out the heat transfer analysis of fluid-
solid systems.
n The mesh generation is performed by the ennovaCFD’s
volume mesher (topologyBasedMesh).

n The steady-state natural convection analysis around a
heat sink will be used as an example.

ieal

n Simulation overview
N Heat transfer analysis of fluid-solid system

N Steady-state

N Compressibility (ideal gas)

N Turbulent flow (standard k- model)

N Buoyancy force

N Heat source

1. Introduction (Contd)

The procedure is as follows.
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Jwporling Ihe *Cﬁ

W

Selling of ennovaCHD0s volwe v

W

Zxeculton of enmnovaC#FO0s volne

k4
Selling ol tronCiF4
W

xeculion ol tronC 4]

k4

poslPdroressing

=

Importing the STL data
Setting of the import options (1/5)

@ To open the import options, click the ennova icon
2 Click the Import tab to display the |mport optlons

G.' Ennovs Optons _ _. B - - ‘--_ liﬁ-
d k' m¥ Enince Display Il
o EAARense veler Lhe delmakl uin |
Import File oz Lrgort Options |
fero Dynamics @ E | ] Perform Auto Fapai oo Import I
s Hoops Exchangs & Open Cascade |
Geometry Festurces @ MURES Tessellation
s Giroup Mode: [Grous trom tile contents. = | | |
Star-cd m
|
Fhaent Ciroup Mode: :Che group per surface - |
[ 3 ¥ Merge vertices across solids
CGNS Merge Vertizes Tolerance oo
| 4 Faature Anghe 4
leemGFD Unit: !an bo mm ': |
Scale: 1
VTK -
All . Hl r
(e T I Soply Cancsl
(@) [[= Ervove Optiens] [TBitEmova ] - (5)+ Plense refer thr detuil ab wext’
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##Setting of the import options
Setting of the import options (2/5)
n Import Options
N Uncheck the Perform Auto Repair on Import ( for the B functionality ) .
N Check the Open Cascade .

g
[T Perferm futo Repair on [mport
= Hoops Exchange & Open Cagoade
&+ MHURBS  Tecsellstion
Group Mode |Grpiaps: from fibe contents =]
mLmaﬂ-an Import Options ‘
Group Mods IDr-e group per surisce :I
W Merge vertices across solids
Merps Vertezes Toksraros Iih.iﬂi
Feature Angls Il-'-i—
Unit: Imrhramm vl
| scok I )
i x|
n @I oy ]) oo Leave the other settings as
default.
n STL/Nastran Import Option (Details will be given in the pages that
follows).
N Group Mode One Group per surface
N Merge Verticies across solids On
N Merge Vertices Tolerance 0.001
N Feature Angle 43
N Unit mm to mm
N Scale 1

Setting the import options (3/5)
n Explaination of STL/Nastran Import Option

STL/Maztran Impart Cptions

Surface Mode: |Dne boundary per surface

=
Group Mode: |Cne eroup for all files |
n Group Mode:
N One group per file
N When importing multiple STL files, create the geometry groups for every STL files.
N One group for all files
N When importing multiple STL files, create one geometry group for all the files.
N One group per surface
N Create geometry groups for every sub-part of the STL file.
Setting the import options (4/5)
n Explaination of STL/Nastran Import Option
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[¥ Merge vertices across solids

Merge Vertices Tolerance: Iﬂ.ﬂ[l 1

n Merge vertices across solids

N When importing multiple files, merge the vertices within the tolerance.

N This options is used when One group per file/One group for all files is selected.
n Merge vertices Tolerance.

N Merges the gaps below this value.

Setting the import options (5/5)
n Explaination of STL/Nastran Import Option

Feature Angle: 43
Unit: 'mm to mm v
Scale: 1

Feature Angle

Set the minimum angle between polygonal facets when displaying feature lines.
Unit

Scale the model’s size by unit.

Scaling with the same unit (e.g., m to m) does not change the size of the model.
Scale

Scale the model’s size with specified ratio.

No scale if specified to 1.

o030 35 35 35 D5 O O

104



.~ CAD Geometry Mesh Setup with iconMesh Setup with Ennova Mesh postProcess

s i P o # i:j- X :‘ )"‘:r ‘; -—] '..L
| @~ Jo- @ Q '%" - U"E o b £ I:

Q- PP & O+~ (GH
View Display Futo Pepair Tranzform Salaction Fix Modes Fix Edgas
2=
eo o IEEA
[see  [Type |
| i
Files of type: IGed:-rn-slr:.r Files (#act *reds *tin * 3dm *z1l *igs *iges *sip *step 1d Cancal I
STL Import Options .
Feature Angle:  [43 Uit [mmtomm =] e
} T
Vertex Merge Tol: IIZI.I]I]I ¥ Merge vertices within each file é.-.'-.. ‘] Pl P S l] lJ ll 5 l';l] F r'
I~ Meree vertces between fils we bhauvre sel

LocatURAH sliors.

Import the STL file (HeatSink_cf.stl).

3. Creating the computational domain

Creating the outer boundaries using the primitive functionality.
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€

Primitives & x-

| Goq:a List |

Primitives

S ®@' &)v dn~ L4~ " P
oty &

46 &1 DI~

|HL'I."‘::' B e

CAD | Geometry | Mesh  Sefup with iconMesh  Setup with Ennova Mesh  postProcess

Q-

Display Auto Repair Transform

v« ilw 74;3*““ HIL ':?G't_j%

Selection

i
——

Fix Nodes

&

Fix Edges

Applications

" g,
FE& =
Fiox Surfaces

Primitive

N e box_1
Start Paint

® =95

=1

Z -85

End Point
¥ 4h
Yol
Z 45
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##Creating the computational domain
Input the size of the box, or move the balls on Set the names for the

the GUI. geometry groups.

Primitives [} *
— Primitive ® 1

Mame: b1 '

—

Giroup List

—otart Pont

® [-100

¥ [-10
z [0

—End Point
® [ 100
W [z00
Z |00

e—— |
Sel he XUZ

Crealion bullo

() ] o | This
manual uses the size specified by @ to create the outer boundaries.
@
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Confirm the

##Creating the computational Groups
created computational domain

nA new geometry group is added to the group list tree when the outer

domain is
created.

@ I TCE S Enveva 151 (k4 1601200 = x
CAD | Geomstry | Meth  Sehpmith enMeth  Getpomith Erncva Meth  peniProcess Agpleatins @
Ovlor @@ o LW brEr A —dB QA0S B0 Kbk .
& Q- P-§ & & B 48 0@+ SGH &= AR | X =
b ___M-Iw ety FRepar : Tianaform  Sslechon  Fix Modes Fex Edges Fix Surlaces Create Delete/Copy  Check
e "il
.
e Llye mew group
% added lo lhe lree.
% g eTEREACE
&
DL LLey
?ﬂmﬂnln[
Froceis Explorer S— ,.;";:
4. Changing the names of the group
Change the group name for the ceiling of the outer domain.
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O dell click on e surface of

Show M| Groups:
Sebect Carves
Select All Vishble
Select All Parioda:
Clear Salect
Show Only Selected
UnSelect Last Mem

Mesh Selected Face
Set Sie
Hide

Set Face Math Parameters

T e

Select Permdic Tm

Selerl

z}k X P ——

FLEirae Create Dengity

Select Hem Group
Coprr/ Trarseem

' “OLE =

Cancel

Gl

mouse lo dDisplay
grompll

ceiling (U+ side) Ihal needs lo
revaned,

() Zuler lhe wew nome lor
| (5) Clirk “Accepl”

4. Changing the names of the group (Contd)
Rename the remaining part of box_1 to WALL.

Group List

V| view
[¥] 1ocal coordinates
4 [J] geometry
|:|  .multiple edges

.
[¥] *% .nodes

inl rin
hmr. 1
|_J_| m ”EH.I' SINK

[¥] [Ag HEZ URCE

¥ Ao INTERFACE

¥ Mg

elete
Ciopy to Group
Move to Group
et Local Coordnate
Set Boundary Conditions
Create Feature Edee
Transform Group ¥
Set Color

2) (3)

Group List

V] view
[¥] local coordinates
4 ¥ geometry

| [=
=
o B
n..-
m
]

<

@ .double edges
HEAT SINK

INTERFACE

E‘EEE

dJEEEE

WALL

(D : Select the item that needs to be renamed from the tree
@: Right click mouse to display menu
3: Click “Rename”

@ : Enter the new name
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##Creating the Volumes and Mesh
About the computational domain

n In ennovaCFD, we call the computational domain Volume.

n Itis possible to use the FindVolume functionality to automatically find
the volumes (see P17-19 for detailed information).

n In the current case, 4 volumes are automatically recognized.

n On the connection of 2 volumes, 2 surfaces with the same name are

created.

n In ennovaCFD, we call these surfaces interfaces.

— GAD | Geometry | Mech @tupwith iconMesh  Setup with Ennova Mesh  post
@v}hv @v Qv . Dﬂjnz? t}' v Ay f_.._':' -
QA PP =k &8 O A8
View Display Auto Repair Transform || Selection | ||Fix Nodes
Group List & x|
| wiew I

¥] local coordinates
4 [J] geometry
o @ qultiple edges
[¥] % .nodes
v (@ .double edges
[¥] (g HEAT _SINK

INTERFACE

WALl

BREE

Rename the volumes as follows.

n Volume1 — FLUID Volumel>FLUID
n Volume2 — HEAT (heat source)
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Group List

V| view
¥| local coordinates
4 || geometry
W (/] .multiple edges
W] ** .nodes
¥ ( .double edges
4 [ @ volumel

WALL \

H &

[ Y
lE@EE@EEddE

2B ;B8 ;REBE

Julevlarce

T




n dohune 145 A
display the menu, and select “Rename”.

| Group List 7 X Group List & X
W view V] view
¥] 1local coordinates [¥] 1oeal coordinates

4 [J] geometzry
[ @ multiple edges
W] % .nodes

4 /| geometry
F(H .multiple edges
¥ % .nodes

| HEAT I
IIIm 13 _..:..".. = SIla L
A{ [ Volumes ] _E_' SOLID
[¥] [y Share_HEAT SINK
¥ g

[¥] Ay Share_HEAT SINE
¥ M

Volume3 — SOLID

n Right click on the volumes that need renaming to

Requirement of the STL file for automatic volume detection Volume
interfaces need to be integrated to be shared surfaces.
CAD data STL file
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Liolume A Liolume A\

=)

Tolume

Liolume

Each Volume owns their The two volumes share own
surfaces. one surface.
Requirements of the STL file for automatic volume detection
n When executing FindVolume, the shared interface between the two
volumes is automatically copied to allocate to the two volumes.
STL file  The outcome of automatic detection

|
Volume A LTolmne A\

LIn r

Volume B

One shared
Interfaceis
copied to make
two surfaces.

Requirements of the STL file for automatic volume detection
n On the interfaces created by FindVolume, continuous mesh is created

across the shared surface.
The outcome of automatic detection  Generated mesh
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' Tolume A

NN

Tolhnnme

Volume A

Volume B

6. Setting of the mesh size

n Setting of the global mesh size
Click lhe “Mesl” lab
- GAD  Geometry | Mesh SE,tL.lp:;ili'l mnhl;: Sehmtiﬂ'l Igrtma Mesh  postPr
Qo @ Q- BB O &k 2 %

Qv % £H Y T 3
'% @Di—iﬁ - @‘T.Jl W% bhewd@es hingl

!_illeshn; & X
. 1

(=14

= Global Parameters -

Group Li

Max. Size:
Min. Size:

Sag number 00981748
Refinement num 8

29 et Open lhe global wmesh si:
éﬁ;ﬂfﬁmﬂ' selling panel.

) Fluent

) StarGGM
Elements meap -1
Search floor 0
] Al Triangles

Details of the global mesh setting panel (1/3)
n In the current case we set the values as are shown in the red box.

(1): Set theMax.Size to 10
M aximum mesh size for the model

Meshing

Local Mesh Setting
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| Mezhing

® X

, = Global Parameters

Max, Size: 100
Min. Size: na2

Hag number INDERRLEE

Refinement num  200]
Size Ratio:
[V] Fun E -
Optimize
) Fluent
) StarCum
g ngap -
Search floor 0
] Al Triareles

Delaull

PLraue as

1@ : Set the Min. Size to 0.2
2 Mimimum mesh size for the model

Details of the global mesh setting panel (2/3)
n Set the values as are shown in the red box

| Meshing

g X

, = Global Parameters

Mac. Size: 100
Min. Size: na2
Sag number 000392699

Refinement nund 200|
Size Ratio:

V| Fun B Use lbhe
Optimize |
) Fluent

nelaull

valups

Elements in gap -1
Search floor 0
1l ] All Triangles

Ta

) : Refinement num

Note: In ennovaCFD 1.5, the local mesh size can not
exceed the maximum mesh size specified above. So, the
maximum mesh size should be set based on the scenario
that generate the largest meshes. Later, the mesh size
could be refined using the local mesh setting.

200fit ratio for the

mesh on the curve surfaces See P25 for more details

@:Elementsin gap

CD See P26 for more details

@): Search floor

-1 (default value)

O (default) See P26 for more details
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@:All Triangles of f
If this option is turned on, the surface mesh will

@

al betriangles.

€) @

If thisoption isturned off, rectangular mesheswill
possible, the other places will be

meshed with triangles.

Details of the global mesh setting panel (3/3)
n Set the values as are shown in the red box

= Topological Mesh Parameters

Scale Factor 1 _@_
L
()

be created where

Expanzion F j12
Mo Title
{~ Surface Mesh Only

+

&+ Surface + Volume Mesh (w/Prisms) "E\

: o
e hepectiate : Scale Factor 1 (default) Scalethe
specified mesh size

@:Expansion Factor 1.2 (default)
Expanding ratio of the volume mesh

@ : select Surface+Volume Mesh(w/Prisms) Selection of the mesh
type

n Explanation of Refinement Number and Sag Number
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-~

Refinement Number

the value, the finer the mesh.

RefNum=16 RefNum=32 RefMum=64

The estimated value of nodes on a circle when splitting. The larger

Sag Number

Wrapping error divided by the
squared root of the cell area.

The lower the value, the finer

Hramelry

Frrar

the mesh SagMNum=error/{area®).5)

e

In additian, if one of the parameter is decided, the other one is
also fixed.

Refinement Number _ ir/Sag Number/4
If the Min. Size is left blank, the minimum mesh size will be

decided by the scale of the model.
k\LRne-ﬁr1ne.-mne-r1t is restricted by the specified minimum mesh size.

~

J

n Explanation of Element in gap and Search floor

-
§ B Example of
= ~ Nax Sizr:

- < ;a0 o MNin Size:

1 lemenl in

< delaull value
-1

Searclh [loor:

< subdiuistons
i lemenl
Searclh [loor:

nap:

\ When Min. Size is left blank, the smallest mesh size is: [ Search floor ~Element in gap,
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Settings of the local mesh size and layers. (1/3)

n On the solid surface in the fluid volume, we set the local mesh size and
the layers.

CAD Geomery Hesh Sertug mith gon ek Sevg wrh Enrerea Motk L)

e @ro-i RIS BHTO Loc{Msipdeqrink 8 x
< osn = @ie)as ©9
i

Wolume list

i

Virkima [t

FLUID

0 OLID
Sou Open lhe lorcal 1111"5.?[1

selling panel

i _ Prism ) B Prism layer:

Select Valime —

— = nayers @

ooner e u_ layers: wmumber
Emyipl il | Select Wolume ) - .

Shore HTERF AGE la nerrs o [

T - @(ﬂnnl‘irm Ihe sellingsdn lhe rurrenl ras
— Iy Seleclohone sel by raclh group

5o rurder

) we do uol need e

Size Ratio

- @ . l:. mumtber ol layers
i
2

A birere reprT—
Haight

Height Fatio UG
Gap Close
Lesord name

Settings of the local mesh size and layers(2/3)
n In Share_ HEAT _SINK and Share_ HEAT SOURCE, we set the value of
the local mesh size and the layers.
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Bourdsry list

IFT: T =4

| Share HEAT SINK

) 2elecl the largel grougihpl
seleclion gunalbled

(2y loral wesh

= Local Mezh Setting
Max. Size 05
Min. Size 0.1
Sag number
{Refinement num)
Size Ratio

Prism Uze olume

-l (3 Layer

(3) scl Ibe wnmber

n_layers ¥
Height 005

Height Ratio 12

Gap Cloze

Leoord name

betghl and beighl
ralto ol 1bhe

Apply Meshing Parameters

J (5) Apply

[ Open Mesh Parameters Settings

Boundary lizt

(CuTLET P
are_ _alME
URGE
(ALl i

Asfor OUTLET and

WALL, we do not perform local mesh settings.
Settings of the local mesh size and layers (3/3) nIn the solid domain,

turn the layer mesh off.

Volume lict
Prizsm Off
n_lavers ]_l*_-*.e Global =4

aun

| Select WVolume | I @ @
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Confirmation of the local mesh settings and the = Loca! Mesh Settng

]ayers Max, Size [oonz
m ltis possible to check the local mesh size settings by Min. Size [o002
. . Sae nurmber |
the display list. (Refoment rom) [
m Itis also possible to change the settings by directly Sie Ratio |
modifying in the spreadsheet. LR ot z
nllaeve fies Volume 5
Height |
Height Ratin |

Gap Close [o007
Leoord name |

Apply Meshing Parameters
@ Open Mesh Parameters Settings

dech Setting Parameters

active group Max, Sizn Min. Size Sag rumber Fefinement num  Size Patio Frism n layers Height Height Ratio
100 0.1 000951748 2000 il [ 3
On - ]I Lise Global
off ¥ | Use Volume |2
05 0.1 Use Volme x| 2 o L 12
05 0.1 Use Volme =] 2 +/|ons 12
(o]} v | Use Volime 2
o v | Use Global %
05 0.1 [Use Vohume = |2 2 /|nas 12
O = | Use \oume 3
o] * | Use Globsl %
[ 0.1 Use Vokme  + 2 = [0 12
] v Use Volume |2
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##Generating the Case
Save the case data

t e _p' Mesh

Satup with iconMezh

[

n Before mesh generation it is advised to save the data into .ecf file
n The ecf file holds all the information for the ennovaCFD
E,;l EUIBLEY

Satup with Ennowa Meazh postProcess Applications
AR O BER s~ 0 I 8 @~
Save tt @ — @ @ H
W 7 A P B CI- [ o 5 5 D
H Save Az Mezher Mezh settings Geometry to Mash Selection
@ —
! ]mpu:urt ~
L Export

20>
Look in: ' I C#Temp j@ SN+ @E@
‘J Print L3l T Mame Size I'I
Cloge Lalals F

s
| Cloge All @ 05(C) 4

= — = e [ (D)

g StarCGH ”
e @)Eaannlr as  {fouz
ol ! File name:

Al Triangles
— Topological Mesh Parameters Files of type: |Errmra Case Files (*e2cf) ;] Cancel |
Scaling : [
I

Volume mesher in ennovaCFD

n The Topology Based Mesh, which is based on the Delaunay method

is available in ennovaCFD for the volume mesh

" [LocalURANLS

n Topology Based Mesh could be used to create mbdels with multiple

area, such as the fluid-solid heat transfer model

LCreating the polyhedral mesh is also possible

O

Button of Topology Based Mesh
# i T BAS £ XS
BBl O B
20 Topology Based Mesh 1
v Boundary Layer

v Polyhedral Mesh

T
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Check it if polyhedral mesh isto be created (In the current caseit should



Mesh generation of domain with multiple areas

Mesh Setup with icon

:}'@j{% “weculing e volume wmesher
\ A - 1

Mesher

Generaled mesh

Change of displaying method
m Here we introduce the methods of
m checking the generated mesh.

MWire [rame

@ (kT

Geometry Plezh etup
@~ Jo~ ﬁ' Q-5 RFEE!
reframe Mech /
+ q Eﬂ'\ﬂd&d*wi'e‘lrame Mesh
Wiew

Shad&dl'l'lesh

Gllppm: P Set Mesh Transparency  #
B
= rSat Plane

Wire + >
Aela 11j1

& Wireframe Mesh
@ Shaded+Wireframe Mesh

:al coordinates

(t,pﬁmy ge of

Siem ey

Check the mesh numbers

Cransparend
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Tetal Elemeris
Mirimums Volume
Maccienian Mokl ms
Frverage Wolime
Trovaled Vo lumas
05V s 0001
0001 < v e
ILTERTE B
[RESE R

1<Vs 10

10 £ W 5 les02

T '||f-.-" £3
All Elements Triargkes  OQusdeilaterals  Tetrahecka Pyramids Perilahedea Hexabecrs ||
R EED 16 Th7822 2 T 5
DO QOGNS 0156207 0O00SEIAIS  OBERATal BOBMHEIE D003EIEE
319307 BT51T6 D2GEAEE argany WDITI965 DoTaEs DO069s4ST
1399 1875 0202841 3318 QD94 LonETg 00473
] 0 0 0 v v 0 "

406

tron

@ :the total number of cells

@ :triangular mesh (surface mesh)
3 : square mesh (surface mesh)

@ : tetrahedral mesh (volume mesh)
® : pyramid mesh (volume mesh)

® : pentahedron mesh (volume mesh)
@ : hexahedral mesh (volume mesh)

Display a cut plane
n Here we introduce how to display a cut plane
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=% gkl ke om o BT Ervova 101 Devindd 1651280
= CAD  GeomeSy | Mesh | Setp with conMesh  Sehp wih Eowa Mesh  postProcess  Apploations

Qi @93t A-EI O BT @@ wODEEe PV YT
¢ @B H 2an BER rO/ e DUENQa

My pEthrg s Cangeratey 3 Meph Gelection

e | Gt Pl [
B Sil:Nau i
Gifam] (Ve @
Mvhmn
[Aent ]

L} s Za
ui hir mal

“wa '] i

3

Set Offeet
Offuer
]
Err| O il | [ edinen |
St Pgtyle
Ardbs
[
[ 4 Fotsts | [ Flolate |
e boddy
1 Lines & Faoes

Dovarer [Fare Ol

I+ Driee Flara [+f] Tubing + Bax
et by Lacal Coondrate Sywiem
Ml Sail

Show {he po

ransparenely the *tul ple
N/ OF  ON/OF

B Mewthink of_Mieci 0

20,0

Local Mesh Setting Paramaters #x

36

Settings for the solver
n Once the volume mesh has been generated with ennovaCFD, we
can start the settings of the solver, which will be done by Setup with
Ennova Mesh.

@ kw5 T @
CAD Geometry Mesh Setup with iconMesh Setup with Ennova Mesh 1

v Jouv @'@'ﬁ % A oo
o=

'I' & P =

Display

—Settlng of the Physics
n

123



[= cap  ceomety  Wesh  SenpwithkcoMesh | St weh Ennava Mesh

e 03 Calel iR

© - @
Display

Group List m B
Ry 5

[ wiew

¥ local coordinates

l

Grauvily oo

(slale analysis

() Coniugale Heal Transler:
(3 Zuergy Egualion:
(5) Wouyaney:

Gravity Y [maae] -581 -
T O (6y Grauily
- | Zhe fpravily fovee potndsiilodireclion

J G Tt O STARTALY ROnFERry! Hiens

n Property settings (1/3)
n FLUID (outer domain) will be set to be air.
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S Blal IFda
®

Setup
= sl valies Physical Properties {(Ennova) 8 X
i Select Violume Group
Ihit Pressure (abs) [Pa] 101325 @

: H - . | _
e [ 20 SOLD @ Selecl FLUID and 1
Tnit Ref. Velocity [mds] 1.0 defanll values
Thit Turbulence Intesity  0.03
it Mixing Leneth [m] (0.1 Region Type | Fluid T

= Fluid Properties

— Reference Pressure

Molecular Weight ke/mall 289

Ref Pressure (abs) [Pal 101326 Specific Heat (p) [J/(ke 0] 1007

Ref Point ¥ [m] 0 Ref. Enthalpy (Hf) [J/ke] 0
Ref Paint ' [m] 0 Dynamic Viscosity [Pa sl 1.84e-5
Fef Paint £ [m] 1]

Laminar Prandtl Mumber (Fr) 0.7

Initial values (Use the default values)

Property settings(2/3)
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Physical Properties (Ennova) B X

Select Wolume Group
FLUID

@& (2) Selerl 2OLID and

delaull valure

—

Solid Dengity [ke/m®] 27020
Solid Specific Heat [JAkeK)] 9030
Solid Thermal Conduct [W/mK] 287.0

— Initial Yalues

it Temperature [C] 20

Juilial Use Lhe
el n:ll}n“‘.

SOLID (heat sink) will be set to be
Aluminum.

Property settings (3/3)

n HEAT (heat source) will be set to be Cell Zone. It will have the same
properties with the SOLID
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Physical Properties {(Ennova) & X
Select Volume Group

(1) [HeaT

@:Select "SOLID”
(HEAT belongs SOLID, i.e., they have the same physical properties.)
Setting the Boundary Conditions (1/3)
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2 A8 @
@Btuﬂ

I Boundary Conditions {Ennova) & X
Select Boundary Condition Group

' Share_HEAT SINK .
(@) || Share_HEAT SOURCE ] Selerl e 2hare~ bounda

Share INTERFACE lh em o bhe
[ LL :

BG Type Tterfacs 3
Thickness [m] 00
Heat source [Wim] 00
Conductivity [ mi] 1.1

n 2y WUape e delaull value

Set the boundaries starting with
Share~ to be Interface.

Setting the Boundary Conditions (2/3)
n OUTLET will be set to Total Pressure
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Boundary Gonditions {Ennova) A7 x
Select Boundary Condition Group

———
@ [|ouner |

Share HEAT SOURGE
Share_INTERFACE
WALL

(23 Selecl Oullel
BG Type [Outit _____~]

Outlet Type Tntal Pressure - | @ Selerl Tolal
Temperature Type | Constant * | Nressure

Total Pressure (abs) [Pa] J101325 (@) Euler 1he
Temperature [C] 200 Colal Pressure

(5) Temperalure < -

Setting the Boundary Conditions (3/3)
n WALL will be set to No-slip Wall with Constant Temperature.

Boundary Gonditions (Ennova) & x|
Select Boundary Condition Group

|OUTLET
Share_HEAT_SINE
Share_ HEAT SOURGE

Share INTE RFACGE
@D

BCG Type ['u'u'all v]

walToe  [loipwl 3

@y Selecl Conglanl as
lhe Temperalure Typre

Temperature Type § Constant

Wall Velocity ¥ [m/z] 0.0
Wall Velocity ¥ [m./s] 0.0
Wall Velocity £ [m/s] 0.0

Temperature [1C] 200

@tnlrr lhe wall
Cemtperalure

Setting the Heat Source
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o=
& A &

Gell Zones (Ennova) & X

Select Cell Zone Group
HEAT

(2) Selecling Ihe cellZone
emtbodying Ihe beal sourre.
(3) Selecling e Thermal lab

Porous MEF Thermal I'UEIF Field

() (BRY |@Therma|2nna Enabled
Thermal Zone Model Geonstant x| (5) Srlerl (QI‘HIISICIIII

Heat Source [W] {10

(e Zuler lbe value ol lhe Weal

Setting the Solver parameter

#AG0OBR)D ¢

Solver Paramsters (Ennova) & KO

st LIz i)
Start From  [Start Step |

Sartsten 1 (2) Change lo

End Step l 000 Ié

AT I
White Condral | Time Shep > |
Write 250
Conmvvergence 10
*; w Starting Time (Steady) ———

| w Ralxcation Factors

= ) BT

i

ee lhe nexl p

[T Fialative Torerance

]
| = Tolerance |
|
|

|v$blwzr

= Scheme

= Parallel Processing

Method | Hisraschical x|
X Partitions 2

Y Partitions 2

Z Partitions 1 (1) El‘“[ltl_] llIl‘
o (K2 ] parallel prorcess

— LR
praperi ®: Changeto 250
A) Start From

n Select the start method
B) Start Step
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n Start iteration
C) End Step
nEnd iteration
D) AT
nTimestep (1 is used as default for steady state analysis)
E) Write Interval
nInterval of Writing the output to hard disk
F) Convergence
n The criteria for convergence (When set to 0, the simulation will end until the
specified iterations are practiced).
In this manual, except for @ ~@
, default values will be used.

Setting the relaxation parameter

n In this manual, we use the default values.
A) Pressure

B) Flow

C) Turbulence

D) Energy (Fluid)

E) Energy (Solid)

F) Density

: — Relaxation Factors

Preszure 0.3
F s L)
Turbulent 07
Energy ]
Energy(zolid) 095
Density 10

L ABCD
EF

Setting the Tolerance/Relative Tolerance Tolerance/Relative
Tolerance of Pressure is set as follows.
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— Tolerance

Pressure le—f

F T le=Th
Turbulent le—16
Enerey le—16

Enerevizolid) 1e—16

— Relative Tarerance

Preszure 0.1
F I 1
Turbulent 01
Enerey 0.1

Energyizolid)l 0.1

Setting the algebraic solvers
nUse the default values in this value.

= Solver

Flow  |BiCGStab R
Turbulent |BiCGStab R
Ererey | BiGGStab =l

nSetting the differencing schemes
nUse the default values in this manual .

- Acheme

Flow  [MUSCL =l
Turbulent ILIpwinu:I ;I
Energy ILIpwinu:I ;I

Exporting the iconCFD solver files
n The mesh data and the solver files will be written to the hard disk.
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#AROBF@O

Setup %, Save Mesh to OpenFOAM Project rd |
Run Solver (Ennova) & Look in: L | | D¥02 home¥03 ennova¥chtiheat sink oo o iIBEES
— FOAM Setup S pa
FOAM Dir ~/iconGFD-v2.1.13
( Change iconCFD Install Dir ]
= Gass Setup = 05 (0 =
< {[(D)
Use Potential Flow |Off x| |&€
L {2 Home
(2)[ | Export Setup to FOAM ] | Deskiop
I Run Solver gL 2ocumete (WIS | 2
birectory naneffruniest (3. - T
Sealing : [o.001 | Cancel

3y This mwedel 15 crealed will anil ol mn,
il 1000 les Lo chanoe e unil Lo be
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###Running the Simulation
After the mesh and solver settings in the Windows terminal, copy the
files to

a system where iconCFD could run (such as simulation server).
nExecute runHPC.sh to start simulations.

n Reading the simulation data from iconCFD (1/3)
N In the case of multiple processors

N Put system , constant, processor*, *.foamfiles to a location accessible by
Windows-PC.

€N:H@r1= 150126)

CAD Geometry Mesh Setup with iconMezh Setup with Ennova Mesh postProcess Applications

@-Jo- B9 BB B | B
2 1 r |-rl1-rrrr|1|_* oy 1l
QPP W EHE m-ﬂirrrk‘rl!!mynmhr
o

[0 Display User Parts Visualization Time
Group List = x'|

n

Mullivle proressors Sinole processor
In the case of single processor

N Put system , constant, time directories, *.foam filesto a location accessible by
Windows-PC.

n Selecting the postProcessing method
N Before reading the files, choose to process the results using multiple
processors or single processor.

n Reading the simulation data from iconCFD (2/3)
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Bl - Bl ~

constant 0 e " .
Mg i § § 8
proceszor|] 0 FLUID _. ) 250 SOLID aeh e
soup wesulls Tor rarh Dr

250 - 500

processar | dnch Aonmnin Mpsulls ol earch
processor2 500 Resulls ol ecach 750
processard 750 ileralion 1000
zystem 1000 constant
_ | afoam system
| afoam

Mesulls [rowm each

According to whether multiple or single processor(s)
are(is)employed, these files are generated by the specified
frequency (set in the Solver

Parameter, p. 40).

N In the case of multiple processors nin the case of single processor

Reading the simulation data from iconCFD (3/3)
N The simulation data could be read via the file “a.foam” in the folder.
"a.foam” is automatically generated using runHPC.sh.
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. processori File Folder a0
. processor | File Folder a0
| processor? File Folder an°
% 05 (C) = | procezsord File Folder an
e {[(D) - File Folder 20°
e E | iafoam I
i =1 [« e
File name:  [afoam OK I

Files of type: |Geometry Files (*ecf *reds *tin *3dm *stl % igs *iges *stp *step *nas *bk - »|  Cancel |

STL Import Options
Feature Angle : |43 Unit{mm to mm =]
Wertex Merge Tol: |0.0001 ™ Merge Vertices
| [LocalURANUS

An introduction to the GUI of postProcessing

@lo- B9 BB ® 3 H) =68
? S BSSEHES G e

R e B = Ennova 14.1 (winf4 16.01.29)

oap  Goheht MU Ssedplhinitandar 1L i i b felmedhl £l e T gLkl er alion

136

12 Dizplay Uzer Partz Vizualization Time

;&nup List & x |

T1. :.T: view

ﬁ \¥| local coordinates

d V] mesh

_n 4 [J] Results

2 faplts Partsa

(77}

# 4 ) FLUID

& S

. | 38 WALL @ const i
¥ B OUTLET () Consc Defaull 13 arls s ll iy
7] G share_HEAT_SOURCE (@ Consc bave delined when |
¥ 3 Share HEAT SINK (@) Const model

4 @@ soLip
[#] G share HEAT SOURCE () Const
F ]2 Share HEAT SINK ([ consc
“Bper, Earts CThis menu shows r
¥ @ silice 0 (1S = =5 o
as cul plane, slice,

I,

Jroups

lhe

L

nelmed

ano

O



Display and hide of the group

m Hide the outer boundary walls

4 [J] Results
4 Default Parts

4 FLUID
T Select e — J@ closc )
‘ y . [¥] Gl iouUT| Cpnst )
ouler boundaries, 7 o sha Emdit Const
.y - " F 1’;] Sha Constc
iyl :+1*1_1 k and @ soum |0
selecl Mde. @ G sha| View + | Const
& G sha] colr » | Const
/ Opacity » ‘
. Shading 4
J ran bie used to displar -
l ih[“ ighlight
? Show
Projected Area »

@ Display the temperature
n The physical properties of the wall could be displayed on the group

surfaces.
]|
S Y Wide Wolum@ i ud
ulcs Group List 8 X
anlt Partca W JView |
ID +| local coordinates
] (3 WALL B cons=c V| mesh L
71 & ovrzer O cons vy Selecl lhe SOLID groups
. & 4 Defanl ars - -
~ e v i — i e&ghl rlick to display
g soLID FE ¢ Qpaelll -
(4] G share HEAT scurctE (il Const ) @ (@ Share HEAT SOURCE l. T )|
() Gl Share_HEAT SINK )@ Const ) , to!u('-'g'ﬂigéﬁhue — B
DT :
B G [#) o] S
&= ® Sraly
Visualization Highlight @ b . 10_:
U
(6) how v .
‘Z epzilon
i i i 4 Projected frea ¥ K
_ S - . i

Display the velocity distribution on a slice
n Create a slice to show the velocity distribution
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ShrinkWrap Manual

A manual for Wrapping In
ennovaCFD v1.5
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Introduction
Importing the STL data
Creating the computational domain
Changing the group names
Setting the wrapping mesh size
Setting the Thin cut
Setting the leak check
Saving the case data
Executing the surface wrapping and the results
). Setting the iconCFD mesher
Setting the iconCFD solver
.. Executing the simulation
.. Postprocessing
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1. Introduction

This manual 1s for the incompressible steady state analysis for the flow
around automobiles using ennovaCFD v1.5 and iconCFD 3.2.11.

The surface wrapping (shrinkWrap) of ennovaCFD and polyhedral
mesher (iconHexMesh) of iconCFD is used to generate the mesh.

Top and sides: slip

=

d velqcity
n/s

—

Specified pressur

Ground: non-slip
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1. Introduction (contd)

The procedure of the manual is as follows

Import STL data

Surface wrapping settings

Surface wrapping execution

¥
. | .

iconCFD mesher- solver
execution

postProcessin
9
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Settings of import opticns (1/5)

2.

Importing the STL data

1. Click the Ennova ico

to open the setting panel.
2. Open the Import tab and set the import options.

¥ Ennova Options

o k' - AT

|[import File

All

pero Dmamics. (3]

Geometry
Star-cd

Fluent

Display
Lighting
Mouge

Servers

Resources

1
EN (&) “gpa the next pages for

wmeort optins ] @t il

I Perform Auto Repair on Import

" Hoops Exchange & Open Gascade

& MURBS " Tessellation

Group Mode: |Groups from file contents =]
[ STL/Nastran Import Options h

Group Mode: [One eroup per suriace |

I~ Merge vertices across solids

Merge Vertices Tolerance: [ooor

Feature Angle: [{37

Unit: [rmtomm =]

Scale: | |
\ J =

Cancel |

Fpply
(® : see the next pages for details
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2 . Importing the STL data (Contd)

Settings of the import options(2/5)
B Import Options
B Perform Auto Repair on Import: Off
B Open Cascade: On
B Leave all the other setting as default.
B STL/Nastran Import Option (see the next pages for details.)
B Group Mode One Group per surface

B Merge vertices across solids  off

B Merge Vertices Tolerance 0.001

B Feature Angle 43 Inpoxt Opticns

B Unit M tO 1Y I Perform futo Repair on Import

B Seale 1 " Hoops Exchange & Open Cascade
& HURES " Tessallation

oup Mode:

STL/Mastran Import Oplions

Group Mode: |One group per surface =]

™ Meres vertices scross solids

Merge Vertices Tolerance: [onor—

Feature fingle e

Wit o

Scale n— ]

Jw

@ Gancel
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2 . Importing the STL data (Contd)

Setting the import options (3/5)
B Explaination of STL/Nastran Import Option

STL/Mastran Import Options

Surface Made: |One boundary per surface

|
Group Mode: |One eroup for all files =

B Group Mode:
¥ One group per file
B When importing multiple STL files, create the geometry groups for every STL
files.
B One group for all files
B When importing multiple STL files, create one geometry group for all the
files.
B One group per surface
B Create geometry groups for every sub-part of the STL file.

..........
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2 . Importing the STL data (Contd)

Setting the import options (4/5)
¥ Explanation of STL/Nastran Import Option

[T Merge vertices across solids

Merge Vertices Tolerance: ID.DUI

B Merge vertices across solids

B When importing multiple files, merge the vertices within the tolerance.
B This options is used when One group per file/One group for all files is selected.

B Merge vertices Tolerance.
B Merges the gaps below this value.
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2 . Importing the STL data (Contd)

Setting the import options (5/5)
B Explaination of STL/Nastran Import Option

Feature Angle: |43
Unit: Im tom vl
Scale: ||

B Feature Angle
B Set the minimum angle between polygonal facets when displaying feature lines.

¥ Unit
B Scale the model’s size by unit.
B Scaling with the same unit (e.g., m to m) does not change the size of the model.

W Scale
B Scale the model’s size with specified ratio.

B No scale if specified to 1.

ot satm
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2 . Importing the STL data (Contd)

Import the Chrysler_Crossfire_2005_ASCII.stl and shaft.stl files.

QH e Ennova 13 (win4 15105.26]

CAD Geametry Mesh Setup with iconMesh Setup with Ennova Mesh postProcess fp

'@' @'@' ﬁ'@'%' dpub @~ |~ ci"? u‘l‘E]
Q- - @ ' &R D@ A |G

Yiew Display Auto Repair Transform  Selection Fix Modes Fix Edees
iroup List I % Files to Open x|
; view
| 1oca | Look in T | |, raseModule¥l-Release V1 34% 13 mapper data ~| O © QI BE[EH
-] mesh > Ta
= E Resu @ . % —
- Defa Chrysler Crossfie 2006 ASCLstl stl File
5§ HChapster_Crossfire_2005_ASCILstl2 KB stl File
=60 — || shaftstl
e {[(DY)
d E
2 Lioma =l | |

@R  Fiensme i [ I | @
Files of type: |Geometry Files (*ecf *reds *1in *3dm *stl *igs * iges *sip #ste »|  Gancel |
'—STL Import Options 3

Featre fngle: [48 Unit [rom =] .
Vertee eres Tol, [T 7 Meres eriees it s 1 (€~ Hl€re@ shows the options we

I™ Meree verices between fles have set in previous slides.
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2 . Importing the STL data (Contd)

The method of add geometry data

B This slide shows how to add more data after the geometry has been imported
for the first time. (not required for the current case)

HL.‘E\#"

Import File
Aero Dyvnamics
3- Files to Open

7| x
Az < Look in: W | | D¥02 home¥03_ennova¥wrap¥tire ;l QO OLi @E@
\ N ( i% a Geometi Alaca ISize | Type I Da
—— Fluent P Frontihesls st 364 KB stl File a0
4 > Wm’l 288 KB stl File 2
CGNS
3 < 05 (C) - .
kemCFD e (D) :i t clec
4 E a
: Al .

e File name:  |shaftstl oK I

i I E Files of type: ]Geomeiry Files (¥ gt * reds * tin * 3dm *stl *igs *iges *stp ®step *nas * ﬂ Cancel |

STL Import Options
Feature Angle: |43

Vertex Merge Tal; |0.0001

Lh'rl;lmm o mm ﬂ
I Meree Vertices

ot satm
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3. Creating the computational domain

Using the primitive function to create the outer domain.

CAD Mesh Setup with iconMesh Setup with Ennova Mesh postProcess
@~ A&~ QO OE
O I

Fix Edess

for Gim @~
“ap Ok

0 Display Buto Repair

mitives ® x|

rimitive
lame: Ihm(_1

itart Point

¢ |-406818

: |-1.0074
> |-nn0224573

nd Point

¢ |-000908801
¢ 100727

..........

+ 0
4 5]

Tranzform

1
b

Selection

V'Dv gl

Fix Nodes
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F®ch

Fix Surfaces

@
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HQ

Create




3. Creating the computational domain (contd)
Enter the name of the

Enter sizes, or move the balls on the GUI. 990?;2}3 grotin . x
B In the current case, we enter the sizes E ~Privitive —— ®7
to create the outer domain. b |!b°*-' l

—Start Poirit
E IBAGE
= qr
Z ooz

The siz be

r—End Point

% [8
¥ |4
z s

@ Enter the sizes at
& XYZ

The size of the domain could
be cha ing these
balls.

®Iﬁ aeel

..........
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3. Creating the computational domain (contd)

Confirming the outer domain.
B Upon completion, the new geometry group 1s added to the geometry tree.

avier R Qv rom |2 D@y~ QUAES @
/cff/-v - -
» a-o® CEE pmne . am ses  ac

5 Display Buto Repair Transform Selection Fix MNodes Fix Edeges Fix Surfaces Cre
oup List 8 X
-« [v] view

-] local cocordinates

- [¥] gecmetry
: @ -multiple edges
i~ [ .single edges
[ (@ .double edges

i 3 I

VA Prane Added

i % geometry gro
[£3]

;\/m exter iyvaid

ﬂ] exterior_cowlblock

M [A] exterior_Frend

..........
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4 . Changing the group names

Changing the name of the inlet

. Click this surface

2 INLET |
Accept Cancel |

@) - Enter the new name
® : Click “Accept”

Set Face Mesh Parameters
Mesh Selected Face

e : NOTICE: In the case of iconCFD
T mesh, do not use numbers as the
e first letter of the group name since it
— could cause error in the
t Attached Volumes iconHexMesh.
T ight cligk to show the menu
malect |

Tiove to group”

..........
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4 . Changing the group names (Contd)

The same as the inlet, change the group names for the outlet and the
ground.

Outlet

] AUeG4 UL UL auves
EI . geometry
@ .single edges
: |:| “r .nodes

Z OUTLET

=] O M
Accept Cancel | i"’tlet

Geometry tree
= after name
changing.

Cancel |

__________
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4 . Changing the group names (Contd)

Change name of the remaining of box_1 to Z_WALL.

Group List & x
1 view Group List F 2>
: local coordinates - -
B geomeTry view .
@ .multiple edges -] local coordinates
: multiple ges i
] [ .single edges E" geameLry
W] (@ .double edges
[ ¥ .nodes
-7 g 01_inlec
~ A ©
: 03

L

1) : Click on the item whose name needs
hanging

2) Right click to show the menu

@ . Select “Rename”

4) : Enter the new name

---------
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5. Settings of the wrapping mesh size

Setting the mesh size for the surface wrapping.
B Setting the global mesh size

@ TS Y : click the “Mesh” tab e

CAD Geometry Setup with iconMash Setup with Ennova Mesh postProc
@vlo~ @ Q-1 -5l B QE @ @
'I- Q' Nog = el %ﬂ'" ﬁ%%[}]

Display Mesh settings Geometry to Mesh
_ﬁ.awhu ﬁE
'gf O e — @) : Click the “Meshing” icon
Max. Size: |

Min. Size: I
Sag number  [0.0981748

Refinement num | 8

e | Open the global mesh

I (it Bssles size panel.
Elements in gap [-1
Search floor [0
I~ &l Triangles

| = Topological Mesh Parameters —|
.

| Meshing
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5. Settings of the wrapping mesh size (Contd)

Details of the global mesh size panel (1/3)

B In the current case we use the following values.

ot satm

= Global Parameters

Max. Size: |os

Min. Size: 0.m

Sag number 00981748
Refinement num |8

¥ Fun

Oﬁm.m' These parameters
r Fwe  are not used for
€ St/ 2RRING
Elements in gap |-1

Search floor [0

¥ All Triangles

@ : Max Size: 0.5

Maximum mesh size for the model
@ : Min Size: 0.01

Mimimum mesh size for the model

Note : In ennovaCFD 1.5, the local mesh size can not
exceed the maximum mesh size specified above. So, the

maximum mesh size should be set based on the scenario
A

that generate the largest meshes. Later, the mesh size
could be refined using the local mesh setting.
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5. Settings of the wrapping mesh size (Contd)

Details of the global mesh size panel (2/3)

B In the current case we use the following values.

R — @ : Refinement num: 200
G T fit ratio for the mesh on.the curve surfaces
s | ——— ® See P22 fqr more details
Sag rumber  f000397600 : Elements in gap: -1 (default)
() Refinerment rumf200 See P23 for more details
(3 : search floor: 0 (default)

Zim These parameters
r Fwe  are not used for

St VArPPING.

See P23 for more details
@ : Al Triangles: On

Elements 1 ¢ap |- 1 " If this option is turned on, the surface mesh
Searchflcl'ar Jo will all be triang|es.
7 e s If this option is turned off, rectangular

meshes will be created where possible, the other
places will be meshed with triangles.
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5. Settings of the wrapping mesh size (Contd)

Details of the global mesh size panel (3/3)

B In the current case we use the following values.

ological Mesh Parameters ! : .
J Not used in wrapping

nk Wrap Parameters
.

coordinate - |

@: specify the wrapping coordinate (unavailable in v1.5)
@: gap close tolerance (gaps smaller than the value will be
illed in)
- — ®) : meshes in the gaps that are filled in
T | @ scale factor of the wrapped mesh size
®: setting of wrapping extraction location
: maintenance of the baffle element
: removal of the microelements generated during wrapping
\» Internal Shellz See the next pages for detailed information

ose Tolerance 001
oze Refinement 2
Dowven Factor 1

volume [I.a’gesl Internal v |

—+

p Fost Processor

ete Izolated Volume

imber of elements 0

ndary Layer ]

Not used in wrapping

..........
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5. Settings of the wrapping mesh size (Contd)

Explanation of Refinement Number and Sag Number
4 ™\
Refinement Number

The estimated value of nodes on a circle when splitting. The
larger the value, the finer the mesh.

RefNum=16 RefNum=32 RefNum=64

Sag Number

Wrapping error divided by the
sgquared root of the cell area.
The lower the value, the finer
the mesh

Geometry

error
SagMNum=error/(area™0.5)

In addition, if one of the parameter is decided, the other one is
also fixed.

Refinement Number = n/Sag Number/4
If the Min. Size is left blank, the minimum mesh size will be
decided by the scale of the model.
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5.

Settings of the wrapping mesh size (Contd)

Explanation of Element in gap and Search floor

~N
\- Example of settings
i8 N Max Size: 0.001
0.00% Min Size: blank
& £ b e O < default value (no refinement)>
Egesizzassnciiscesisaisst T‘% Element in gap: -1
BSEziiesstitsiaasstizsacEsisSEssRizussss Search floor: 0

< 4 subdivisions within a length of 0.001>
Element in gap: 4
Search floor: 0.001

_ When Min. Size is left blank, the smallest mesh size is: [Search floor /Element in gap; /
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5. Settings of the wrapping mesh size (Contd)

Explanation of Gap Close tolerance
B The gaps whose sizes are smaller than the gap close tolerance will be
automatically filled in by the surface wrapping.

~ The interior gaps whose size is smaller than the specified tolerance will be

fil

\/

~ The small gaps in between two components will be filled 1n.

ot satm
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5. Settings of the wrapping mesh size (Contd)

Explanation of Gap Close Refinement
B As Gap close tolerance 1s specified, this option is activated. The refinement
and smoothing of the gap mesh will be carried out.

Gap close element
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5. Settings of the wrapping mesh size (Contd)

Explanation of Scale down factor
Run the wrapping with the value obtained by multiplying the set size with the
ale factor.

default (=1)
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5. Settings of the wrapping mesh size (Contd)

Explanation of WhichVolume

B Select the target of wrapping. We will use Largest Internal this time

( )
Target of Which Volume

= Shirirk Wrap Parameters
Which coordinate v
Gap Cloge Tolerance 001

Giap Chase Refinement

2
1

Scale Down Factor
Which volume IlLUWE' Internal Exler;al
I | ::cest Internal |
# Nth Largest Seed Point
Seed Paint Nth Largest

% |0
¥ (0
Z |0

[¥] Keep Internal Shells

H

L

External: external domain

1

o
Nth Internal: Interiar
domain with the Nth

\_largest volume

H

o

Large Internal: Interior

domain yeailathe largest

Seed Point: specified
domain with specified seed
point.
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5. Settings of the wrapping mesh size (Contd)

Explanation of Delete Isolate volume

B Automatically delete the isolated volumes that are generated during

wrapping

= Wrap Post Processor

— YWrap Post Processor

[T Delete Isolated Volume

Max number of elements

v Delete Isolated Volume

Max number of elements: IQ[I 3:

..........
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5. Settings of the wrapping mesh size (Contd)

Settings of the local mesh 1/2)
B Mesh size could be modified for each group. First of all, set the local mesh
size for the car model.

@ : set as follows

4 . . .
BB O @ : using shift and ctrl keys to Sette
m FXE] select all parts except those started o
Mesh settings ( Wlth Z_. Lacal Mesh Satting Graups .

. A Pillar *

ssh Setting e

sh Setting Groups m:?

nbrett datail |
datailz
e (o -
il abie =
r:’:'““?mk n_layers Jze Volume %

2l Mach Setting T Height

Sioe mﬂ";’m Height Ratio

> ::ﬂe:\:: : Gap Close

umber mrvr FRagh

ement o) [ %"ﬁh Lcoord name

Off - % . @ I Apply Meshing Parameters I

:5 —— Iwwmm 3 xz%“ ; [ Open Mesh Parameters Settings ]

t Fastis I— wwrconErame d .

r — T It not set, global values will be used.
ZRome
ZWALL
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5. Settings of the wrapping mesh size (Contd)

Settings of the local mesh 2/2)

B Next, finer mesh will be set for the grill only.

Local Mesh Setting Groups
exhaust __._]

foglights
interior

frontLights
LettDoar
ek Select "grill” =l

FrontWhesls

—p-

grill

- k%4 5@t as follows
Max. Size |0.002

Min. Size J0.002

Sag number |

(Refinement num) |300

Size Ratio |

Prizm off -
Height |

Height Ratio |

Gap Close [0.0005

Lcoord name |

| #Apply Meshing Parameters |

Open Mesh Parameters Settings
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5. Settings of the wrapping mesh size (Contd)

Visualization of the local mesh settings

No local mesh settin

After local mesh setting

The shape is respected by the local mesh settings.

ot satm
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5. Settings of the wrapping mesh size (Contd)

Confirmation of the local mesh settings and the

layers

¥ Tt is possible to check the local mesh size settings by
the display list.

¥ It is also possible to change the settings by directly
modifying in the spreadsheet.

@ : open the

I Megh Satting
Mazx, Size 0.002

Min. Size 0002

Sag rumber 000261798
(Refinement rum) 300

Size Ratio

Prism |0t
n_layers

Height

Height Ratio

Gap Close 0.0005
Leoord name

Jse Volume

Apply Meshing Parameters
spreadsheet. Open Mesh Paransers Settnes
 Parameters
sotive roup. Max. Sioe Min. Sze Sg rumber Refinement rum  Size Ratio Prism n_layers Height Height Fatio Gap Close Leosrd name
| [ 001 0981748 2000 9] [] 001

[X] 00 O w | Use Volime 2
[ 00t i = | Use Voime ¢
[X] ont [ * | Use Volume 2
[ o0t i = | Use Vokime 2
[X] [I]] [Tl = | Use Volume 2
[X] 0 ot = | Use Vohme 2

] 01 001 [0 = | Use Vokime %
[X] [ (1) = | Use Volime 2
[X] 00 [ v | Use Volime 2
[ o0t o = | Use Vokime 2
[X] [I1] Ot * | Use Volume 2
[X] 001 o = | Use Vokime 2
[X] [ [ v | Use Vokime 3
0.002 0002 000261799 500 [T * | Use Volime 3 0.0005
[ a0l o * | Use Volime 2
[ oot

ot = | Use Vokime 2
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6. Setting of the Thin cut

Thin cut is used for the following cases.
# In order to maintain the gap between A and B groups.

—

»
a n

A

~ In order to respect the contact shape between group A and B.
he following figures, the red dashed lines are the wrapping.

Thin cut (the shape of the contact is respected.) Without Thin cut (the contact shape is not
.-cted.)

Regardless of the global or local mesh size, the mesh near the
thin cuts will be refined to the specified criteria to respect the
geometry.

s, .
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6. Setting of the Thin cut (Contd)

Setting of Thin cut
B In this manual, thin cut will be set for the frontWheels and the Z_ROAD in

order to improve the resolution of the contact portion between these two
% Greate/Modify Thin Gut __?_L!‘J

@ e TR TR T— | Thin Cut Name: [ThinCut
S g Collapse Lower levels Criteria: B‘&Uﬁb @
0% Expand Lower levels Select Groups 1o be Added to Each Side of the Thin Cut Add Side
E % o Display Surfaces
-0 % 5| Hide Surfaces Side1 Side?2
-0 0] Display Volimes detail | mirror Right
=1 5|  Hide Violumes detail? | rear -+~
~-O M b doorHandle Rear
1
m exhals Righ
— foglights Rood
L] vkl ~ shaf
@ | ) | |sice
stee:
erill unde
b
b E Z OUTLET wind
. _\'c;' T wind
ZINLET
=" ANTIET

E-thin cuts
B ThinCut1:0.0001 l@ | I 1
; =)
i-S8idel:FrontWheels _I U

--Side2:Z_ GROUND F Wheel
rontWheels (©) Ltccmt ] _ corcel |

Thin cut is created in the
geometry tree.

173



6. Setting of the Thin cut (Contd)

Effect of Thin cut

Z_ROAD

With Thin cut
msy

: 4
o
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7. Setting the leak check

'he leak check function is to check whether the wrapped surface has
eak or not.

¥ By putting the source (dead) point in the external domain to the target (live)

point, the leaks in the wrapped surface could be identified.
o Multio] live) poi 141 : nts.
@ ik e wlh o Ee Ennova 15.1 (winb8 16.04.18) )
CAD  Geometry | Mesh | SetupwithiconMash  Setup with Ennova Mesh  postProcsss  Applications

@vlor @ o-H MBIl O BARO 2 2 ODOEE -~ @

o Qv @@ 8B o ATl B E“ Ol -~ 3 il @
i Displsy Mesher Mesh STTPEE  “\Lisdmetry to Mesh Salection

Il ok I H T, 1 = V.. T T

A} Source (Dead) Pomt (Red) ‘]

. (2JSet in the external
):'ag] rPYaEtfee ! ‘ b
(3set inside the caﬁ

Y0
Z 1
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8. Saving the case data

Save the data (.ecf) before wrapping

@ m (N Ernova 12 (win64 1504 06)

Mesh | ionMesh  Solver  postProcess Applications
tt BrEE O BEBBO b~ O O 38 38 @~
bl - ARl REERE i -1 2 8 o -

H Save As @ Mezh settings Geometry 1o Mesh Selection
B x

,_.'Ilq:l:lrl w0

3- Save Geometry

|
-

Size

| Close

| Close All

_—_——
~ Target (Live) Point (Green) 2
¥ [0700937

z [vssaats
Gancel I

—Target (Live) Point (Orarge) 3—— Files of type: |Emmra Case Files (*gct) ﬂ
» [v25839
v [0564 188

| Local Mesh Settng | L[

Scaling: |1

| [LocalURANLUS
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9. Executing the surface wrapping and the results

" Wrapping and leak check
B Wrapping is executed together with the leak check.

B Tt is also possible to run the wrapping only
Leak D.etel:t.inn 'Tool
i Source (Dead) Point (Red)

Only for wrapping g
Mesh | Setup witpMonMesh  Setup with Enncr 0
Z3
Target (Live) Point (Blue) 1
% -2
Yo

2z 1

For wrapping and leak
check
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) . Executing the surface wrapping and the results (contd)

Leak check
B The information of leak check is displayed in the left bottom of GUI.
B When the black line is not displayed, leak does not exist.
B Click “Path” in the Leak Detection Tool to re-display the leak path.

Messages

76 groupa of 3 tris replaced with 1

1 groups of 4 tris replaced with 2

30 non-manifold vertices fixed

finished

read file funcl: filename = mesh.reds
remread:reading REDS mesh file mesh.reds

IHD leak path will be displayed since meshing worked I \“\
. Leak Detection Tool & X
& —Source (Dead) Pamt (Red)
&) % Joawon

| v [Fosseoas
5 | Z [295888

Target (Live) Point {Bhae) 1
. [ % [Feanio?

% ¥ fo

= | z [oasean

&

£

4

Tg:MmbmorTa b5 I 3‘.
S coupus [ Pah || Findtais | Gorcel |
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) . Executing the surface wrapping and the results (contd)

What to do if leak i1s detected(1/2)
B Leak exists as the message and the black line are displayed.

B For example, if a hole is larger than the gap close size, leak could occur.

= i 1
Gompute |  Path | Find Hole |  Gancel ]| €

Messages

finished

read_file funcl: filenams = mesh.reds
remread:reading REDS mesh file mesh.reds
expecting 1 floats for val found 5 woid

| processing tag 43 TAG_CREATE_GROUP ... finished
! processing tag 43 TAG_CREATE_GROUR ...

1 leak paths found |

0.0300 0l0600
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) .

Executing the surface wrapping and the results (contd)

What to do if leak 1s displayed (2/2)
B Create a patch on the hole.
B After the hole is filled in, run leak check again to confirm that no leak exists

in the new geoﬁnetrv_
8 x

W

Mezh conMssh  Solver posiProcess Applications
a1 coordinaces T[N P - E3 E{@c reate face

v@gﬁt&g&m@’gﬁyﬁa B- ~+ am ¢ & from polygon

coordinaTes
LEY

der to close the
lect the “Make
Closed”

ks oo i

Show Al Groups
Hide All Groups
Salect Curves
Salect All Visible
Salect All Persodic
Clear Salect

Rectangle Select
Rectangle Zoom
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) . Executing the surface wrapping and the results (contd)

Changing the display
method
¥ Here we introduce the
methods of checking the
generated mesh.

@ i lk AT

GAD Geometry Mesh

wireframe

@ Wieframe Mesh
@ ShadedsWireframe Mesh

;al coordinates
tirestransparenc
P;‘:?.nfx.!esp y

H .double edges

maltiple edoes

shade

trnsparency

181

Wireframe+shade
(default)



) .

Change the viewpoint by shortkeys
W XY,Z Shift+X Shift+Y  Shift+Z

-
!

- —
X
Y

Executing the surface wrapping and the results (contd)

N

o—

7/

182
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Shift+X+% —
=X

Shift+Y¥ —
=Y

Shift+Z% —
=Z



) . Executing the surface wrapping and the results (contd)

Confirm the mesh numbers
B Here introduces the methods to check the mesh numbers

e
|
I

837368

| Total Elements

Triangle mesh
(surface mesh)

: Minimum Quality 0.00866523

.[Maxilrum Quality 1
|

LIl

| Average Quality 0576196
1

| Dut of Range 0

' 09<Q<= 10 8031

[03 <008 13480 i
!Ifl.? <Q<=08 '?525

lus<acoz 117447

' 05<Q <= 06 549947

|04 <Q<=05 42350

183



) . Executing the surface wrapping and the results (contd)

Display the clipping plane
B Here we introduce how to di
@vlor @ Q-1 A-Ei
s Q- @@ » m

View Mezher

Display

. |Glippine Plane 8 x
8 ~Set Plane
g %-Plane | | ¥-Plane | | _Z-Plane | I

—Center Position

% [F35 ¥: [o z [200985  _apply |
£ — MNormal
g % Jo ¥ 1 z o

—Set Offset
2| Offset
O Iﬂ
3 X offset | ¥ offset | Z offset |

—Set Rotate
5 |u
ﬁ X Rotate | ¥ Rotate | 2 Fotate |
z Draw Plane On/off

¥ Draw Plane [@ Tubing ¥ Box All On/off
~ —Set by Local Goordinate System

name: [Not Set = Uncheck to see more

L& _Transiucent onvott_J&— | clearly
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) . Executing the surface wrapping and the results (contd)

Checking the shape difference inal STL) and

the wrapped surface
¥ Checking the proximity bg
¥ (0 means the same, the s

3y Mesh Distance

"""" ! All Elements Triangles | Quadrilaterals |
Taotal Elements 138511 83053 55458
Minimum Distance 1] 0 1]

Maccimum Distance 0007522 ooo7olog: 00107522
Aversge Distance 0000131169 0.00015247 992681605
Trwalid Distances 1] 0 1]

0505 le-08 40 .n 0

le-08 <D< le-07  [IB69! |1816 5
le-07< D s le-06  [B971 Iww 025
le-06 <D< le-05  [Iasa Izua Isr.
fe-05 < D < 00001

0.0001 < D= 0001 = =
0001 <D 5 001 926 |zeee Isn-
m<p=<ol 1 0 |1

Original STL
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1 0. Setting the iconCFD mesher

Use 1conCFD mesher to generate the volume mesh. The settings will be carried
out 1n the Setup with iconMesh.

e i ey .
S oe BE 2ABO®C@
et

& A @
Wi Desplay
Group List & x

v

[¥] wiew

[¥] 1ocal coordinates
] geomeczy

[¥] mean

Glsbal ek Doty Lt

[ = Gisbat Ssttine =]

Frature fArgle [dee] 00

Mumber of butfer Lyyer levels 2

| Pomt Display

Foint i Mesh

X -3 05
¥ 0

Z 2

Call Sare 05

Ll Refinement Lewel n | &

A

ot satm

€ wrapper pre setupecd [0
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1 0. Setting the iconCFD mesher (Contd)

\é‘;petting the global meshing parameters

GAD Geometry Mesh

-@v k_v @v @v

Setup with iconMesh Setup with Enncva Mesh jpostProcess Applications

View Display Mech Setting

& a- @ ) AB%?@@»

Group List

& %

] wiew

[¥] Lecal cocrdinates

> [] geometey
» ] mesh

Global Mesh Setting

= Global Setting

Feature Angle [deg]

Humber of buffer laver lavels 2

300

[] Point Display
Point in Mesh
% -3
Y0
z2

Cell Size
Refinement Level

04

1= Export shrink Dict

| w Export snapDict

X

o b
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Setting the local mesh parameters (1/3)
v Jo-v @' @' Had o
| Q- @v@ E % @ A -

1 0. Setting the iconCFD mesher (Contd)

Wiew Display Mesh Setting

p List [
| view

| local cocordinates

| geometry

/| mesh

roup Mesh Setting [

ocal Mesh Setting Groups

amaturenbrett
AFillar

Body

bumper

Chrysler

-

Minimum Fefinement

Level Il

Maximum Refinement Level Il

Surface Layers

—

First Laver Thicknezz I 0.006

Total Laver Thickness 0oz

Apply

e b

@select all the geometry groups on the car
(by ctrl and shift keys)

Dset the local mesh parameter as shown in the left
igure.

ax/MinRefinement: refinement levels from the base

esh
rstLayerThickness: the thickness of the first layer from

Wlick “A

I I
TotaILayer[I::Rigkness: total thickness of the layers

188



1 0. Setting the iconCFD mesher (Contd)

Setting the local mesh parameters(2/3)

Local Mesh Setting Groups

FearWhesls -
RightDoor J
Roof

shaft

zideGrill

steeringliheel

uniderBody

wiheelchroud

windowFrames

_J @SE'ECt Z INLET, Z OUTLET, Z WALL

— Local Mesh Setting —

Minimum Refinement Level |1
Maximum Refinement Level [T @set the local mesh parameter

Sl [0 Surface Layers is set to 0 since layers are not
First Layer Thickness IU d d th ”
Total Layer Thickness |D neeaed near € wall.

' || ®)Click "Apply”

-\
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1 0. Setting the iconCFD mesher (Contd)

Setting the local mesh parameters (3/3)

Local Mesh Setting Groups

rearLights -
Reariheels
Right Daor
Roof

shaft

zideGrill
steeringWheel
under Body
wiheelzhroud
windowFrames
windows

ZINLET

- (Dselect “Z_ROAD”

= Local Mesh Setting

Minimum Refinement Level |3
Maximum Refiement Level [3 @Dset the local mesh parameters

. .
Boe i [ as shown in the left figure
First Layer Thickness Iil.[ll]ﬁ
Tatal Laver Thickness Il].lll2

| Apply

| ®)lick “Apply”

..........
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1 1. Setting the iconCFD solver

Setting the Physics

v
GaD Geometry Mesh

}v_]‘o‘v @v Qv

Setup with iconMesh

CRVLO!
F

: Qv B e
3

(] Display Mesh Setting

Physics

[ = Time

Time |Steady State

= Temperature

Energy Equation |Off

Compressibility |Ir1c-:mpressibls

Buoyancy |oft
= Turbulence

Ll

Turbulence Model |RANS

RANS Model  [Standard k- £

= Particles

Farticle Galculation [Off

Setup with Ennova Mesh

SAHOBLW

sible steady state simulations:
State

ion : off

* Imcompressible

odel : RANS

. Standard k-¢
lation : off
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1 1. Setting the iconCFD solver (Contd)

Physical Properties
1 Jov @' ®- BAd [V

200 [Frs
2 qv @v@ B®a o

Wiew Dizplay Mezh Setting

Physical Properties

Select Volume Group
$GLOBALS

= Fluid Properties

Denzity [ke/mé] | 1204

Kinematic Viscosity [m3/s] II.5Ie-5 ®the same a efault)
Init Pressure (rel) [me/s9] I[I
| (3)-reference presfure=0 (default)

= Reference Pressure

Ref Pressure (rel) [ma/sd Jo
Ref Foint X [m] o
Ref Point Y [m] o
Ref Point Z [m] o
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1 1. Setting the iconCFD solver (Contd)

Boundary condition (inlet)
B velocity

e B0 wE % A0 @
= = I

b Q- @@ o S|@). .y

View Display Mesh Setting Selup

Boundary Gonditions 5 X

Select Boundary Condition Group

RearWWheels
RightDoor
ZROAD |
E':l WaLL
mper
detaill =
BC Type |In|et _v_]

Tlet Type [Velocity Normal to Surface x|

MNormal Velocity [m/s] [6]
Turbulence Intensity |0.03

Mixing Leneth [m] [0 ®inlet velocity =5m/s

..........
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1 1. Setting the iconCFD solver (Contd)

Boundary condition (outlet)
B pressure

}v}a,v @T v

BAd
208 —————
:EI Q' @v @ B9 % ‘
Wiew Display Mesh Setting Setup
Boundary Conditions g x
Select Boundary Condition Group
Reariheels |
RightDoor
Roof . I
) [M'r
E}IW-!LL
detai| =l
BC Type [Outlet |
Outlet Type |Static Pressure | ’
Static Pressure (rel) [m/s] [0
@:outlet reference pressure = 0
(default)

----------

194



1 1. Setting the iconCFD solver (Contd)

Boundary condition (boundary walls)
B Slip wall

Dv‘k,v @v Qv DA® FHIE
) qr @@ SRR - ——
i

1ew Display Mesh Setting Setup
Buumlavy Conditions ] x_
Select Boundary Condition Group
RearWheel =
ELETDW : —I
ZINLET ]
Z OUTLET
r; [=Ta¥. 1 aY I
o e
BC Type |vall =]
Wall Type  [Siip Wal | ®:Sllp-wall

T e T e o Tt T T & W
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1 1. Setting the iconCFD solver (Contd)

Solver parameter

CAD  Geometry  Mesh | Setup with iconMash | Setup with Ermova Mesh  postProct

Jov B~ @~ gas
ar @-§ °*°
" Digplay

ver Parameters (Ennova)

Start From  [Start Step

Write Control | Time Step

1 EYN=lal [FF
5|
Start Step 0
e L et @: 1000
=l
" (3 : 1000

Write Interval
Corvergence |00

+ Startng Time (Steady)

= Relxation Factors —————————————

+ Tolerance

See the next pages

w Relative Torerance ——————————————————

(set as default)

w Sohver

w Schams

= Tarallel Emm _—

Method  [Hisrarchical

=

¥ Partitions: [2

¥ Partitions |1

Z Partitions |1

Oder  [WZ

@: parallel
processing

ot satm

In this manual, except 2 and 4,
the others are set as default.
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1 1. Setting the iconCFD solver (Contd)

Solver parameter

¥ Relaxation factors

B Use the default value in this manual
A) pressure

B) flow

() turbulence

w Starting Time (Steady) — ]
= Relaxation Factors (Steady)

Pressure |03
Flow [07
Turbulent [07

+ Tolerance

|
+ Relative Torerance —

- a oy
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1 1. Setting the iconCFD solver (Contd)

Solver parameter

B Algebraic solver
B Use the defaults in this manual

~ Solver
Flow  |BiCGStab ~|
Turbulent |BiCGStab =

¥ Differencing schemes
B Use the defaults in this manual

= Scheme

Flow  [MUSCL =l
Turbulent |Upwind 4|
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1 1. Setting the iconCFD solver (Contd)

Output of the iconCFD setting files
B Save the .ecf file for further use in iconCFD

@ | = f@ﬂl % Ennova 15

CAaD Geometry Mesh Setup with iconMesh Setup with Ennova Mesh postProc

vlow KET @Y pae = ®
S ee BB AR08 @] o

Q-
Views

Display Mesh Setting Setup
Run Solver (Icon) 3
= FoamM Setup 3 Save Mezh to OpenFOAM Project ﬂﬂ
Lock i L [ D¥pottie -0 00 IEES
FOAM Dir |*/iconGFD-v329 ! e & J|-r T
me 28 ype
Change iconGFD Install Dir | [T rewst File Foder 201
= Case Set @ . File Folder 201
ase Belp oy . enter the name
< {[(
Select write mode |icon Mesher & Solver x| DE | ol
. & Home - ]I ] L
Use Potential Flow |Off - =
[ E lt Setup Files |_I| e & =l
Err— 6 R—— |
Funs Solver I Scaling : ll Cancal
I LocaFURAH
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1 2. Running the simulation

After the mesh and solver settings in the Windows terminal, copy the
files to a system where iconCFD could run (such as simulation server)
Execute runHPC .sh to start simulations.

..........
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1 3. PostProcessing

Reading the simulation data from iconCFD (1/3)
B TIn the case of multiple processors

B Put system_ constant_ processor* ¥ foam files to a location accessible by
Windows-PC.

¥ TIn the case of single processor
B Put system_ constant. time directories. *.foam filesto a location accessible
by Windows-PC.

Selecting the postProcessing method
¥ Before reading the files, choose to process the results using multiple
processors or single processor.

P ECEE o
CAD Geametry Mesh Setup with iconMesh Setup with Ennova Mesh #pplications

@vler B9 D@ B L =
P et E%@j@m

Display User Parts Visualization
iroup List =3 xll
=
Multiple Single processor
\ processors
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1 3. PostProcessing (Contd)

Reading the simulation data from iconCFD (2/3)

According to whether multiple or single processor(s) are(is)employed,
these files are generated by the specified frequency (set in the Solver
Parameter, p. 46)

B In the case of multiple processors ® In the case of single processor
& ~ 2EH -
.. constant .0 —I: FLUID
. processorl B0 | FLUID Ji 250 soup  Results for_
.. processar | . 250 I'— souo Results for‘ . 500 kEEICl'I Il:lornam
each domain Results of each iteration
| processord il Results of each . 750
. processzord 750 iteration . 1000
. zystem 1000 . constant
| afoam L system
afoam

.esults from each CPU

..........
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1 3. PostProcessing (Contd)

Reading the simulation data from iconCFD (3/3)
B The simulation data could be read via the file “a.foam” in the folder. "a.foam”
1s automatically generated using runHPC.sh.

2[x
Lock in: % | | D¥02 home¥03 ennova¥cht¥heat_sink¥run_test :] OO0 @’E@
y My Computer Name ISIIE IT!-'DQ I Da :I
L loes File Folder a0
| processor( File Folder 20
|, processor | File Folder 20
| | processord File Folder 20
e 05 (C) 21| | processord File Folder 20’
e {[(D) cyucin _ File Folder ]
wé E : foam File
Home I R ahati =
e L T P ;] '.

File name:  [afoam | oK I

Files of type: |Geometry Files (#2cf *reds *tin * 3dm *stl ®igs *iges *stp *step *nas *bk : x| Cancel I

STL Import Options
Feature Angle : I43 Unitlmm to mm ;l
Vertex Merge Tol: [0.0001 I™ Meree Vertices

[LocalURANUS

---------
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1 3. PostProcessing (Contd)
Postprocessing GUI

Y o Geohdtse S &MnualhaitOmeiﬂ%am

oup List & X
V] view -
[¥] local coordinates |
V] mesh
V] Results

fa Default Parts '1

[¥] 8 apillar. (@ Const
[§] Body_Body [ Const
(# crillar.. (@ const
@ chrysile.. @ cConst
3 Frontwn.. (@ Const
(] LeftDoo.. [ Const
(] RearWne.. [ Const
P RightDo.. (@ Const

\— Ll Bont Ront (O Const J

B User Parts I

@ stice 0 W T

he default
joundaries
e models.

=

—

user parts, the user-created slices, clips
will be@own.

X

o b
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1 3. Postprocessing (Contd)

Display and hide the groups

..........

C@iZ GROUND .
Z INLET i.
Z OUTLET .

Rename
Edit
Delete

G bumper id.
&) decaill i
detailz i.
doorHandl.
exhaust 1.

B
G
B
f] fogLights.
;_j frontLigh.

4 qapsClose.

INRARAEEA

Wiew
Caolor
Opacity
Shading

* ¥ ¥ ¥

Highlight

-

Hide the groups: select the outer
boundaries, right click and select Hide, or
select Show to display.

Display only the car model
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1 3. Postprocessing (Contd)

Display scalars in groups
B The variables on the wall
could be displayed on the
surfaces of the groups.
B Select the car surface group
and display pressure.

@ : Select the
groups that needs to
be displayed.

Group Li & x
B v
|} lacﬂ.hcaurdxnntc:
El m.e
Reaults group
&
m;llar : B Const
@ Body idaj Conat
CPillaxr i.. Const
Cheysler .. Const
3 FrontWhee.. Conat
LefiDoor .. Conat
Rearinesl . Const
RightDoor.. Const
0O G 2_GROUND . Conac

OGP 2_INLET 1
[m| ‘.ﬂ 2_OUILET .-
[1(08 2 WALL id.
|Jﬁ" bumper id. |

® (3§ =
zFPEe
Wigualization
©® : Display
the contour
bar

[+*] detaill i.

decaild i

deorHandl..

L
EE
] 0@l exhaust 5.
]

] Gl foglights.. Jj

¥ (3 frontLigh.. )}

@ . Select
Scalar Field

alar Field » [N

Solid Golor Uy

|
¥ Gl gap=Cleos=e. | Uz
[ G grill ides ) mag
(¥ Gl nood 1da3 ) ect COI D[ o
() G 1icenserl.. J] k
] (@l mirrorLef. )|
¥ O mirrorfig.. J] -
O rearrLigne.. () Const 2 = =
shaft idad (i Censt
 2ideGrill.. [l Conat
underBody... [ Conat L
wheelshro.. J X ¥ b seIeCt p
u:.nol-‘ra... r),0jrjry
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1 3. Postprocessing (Cont | ([ eer@crss
-ﬂv @ chrys.. Const
-] 3 gapsC.. Const
Pressure distribution on the slice ® : selectall | 4
the groups |r L nu:.rra... Const
== the Default | EEm—m
s : E ront.] Rename
M€ [p] ) i Parts e reary] it
@ : display-the contour (g cpitn Debt
AV doorH] yqo %
bal' AV L sideCl gy v
A shaft. Opacity b
Al Z WAL Shadine '
Global = A v Z INL | —
[Feom Pt =] (P8 2 pm@ﬁghnght
(¥ G 2 ouT,
e — (D : select p (E gz
g ——— o zz ga
B User Parts 1
L] Hormal |-
directio
s Tool
: ]
= % 1.0 &+005 1000 2 N5 1.0 ] &+ 005 £ 1.0 5+005 1.0 12 005 1.0 2+ 005
Update Slce I @
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1 3. Postprocessing (Contd)

Display the velocity vector

IO AL 0 o @@[ﬁ]@l 7

. e

ot
eral k

[Wector t
r Fiakd m |
Wariable Magnitude =
F 0.1
Variabhs Umag =
e Type Plane =
be Plane |
—

COrigin Mormal
| [Feansss [o
| i fi
| [e7oies i
Show Plane Tool
.
it

Rafresh Varishles
Updste Vectors 5
1

9: display
he contour

(2): enter 0.1
(3 } select Umag

(@ :\di lay

ctars at Y=0

19.000
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1.24

2.52

U_rnag
5.7

o

5.04
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1 3. Postprocessing (Contd)

Display the car model with single color

A P b i Bagic colrs

of idaj Const EEEEEERETT

ontWheels idaj Const EEEENERET

arWheels idaj Const :D . EEEEREEET

illar idaj Const * SeIECt the | EEEEEEET

orHandle idaj Const rar model pa rts o N

deGrill idaj Const d'H . , MENNMNFEC]

afc idaj Consat an ? K =

WALL_idaj Const (R ——

INLET idaj [ const Fe T oo [ ree g

ROAD_idaj [ consc r—rrrr t [0 =] Groen: [191 =
l' w— - 2 PR s st [191 =] Bl [701

. gap close ida onst

. gap close sav.. Co }‘ =N

: =—TETne Y 5)

ice 0 M u_n Edit 040y 19.4

; Delete

I View piSink cf2ect ] | . afo

. Color Scalar Field *

y "C:/Usersa/ishida/AppData ’;g}a_dng 2] 1.173\cyc3reds” [%

3 Select Color

@ : move the
bar to grey
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A Manual For Radiation Analysis with Ennova v1.5

A manual for radiation analysis with
ennovaCFD v1.5
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1. Settings for the thermal
radiation analysis
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1-1. Introduction

We setup up the analysis of thermal radiation (S2S model) with ennovaCFD
v1.5 and iconCFD3.2.11 in this manual.

The rad.ecf file in the sample data will be used. It is the meshed data
(polyhedral mesh) generated by ennovaCFD.

Oullel (pressuglfdal

Sliwal

rm<i£5iuilg—

Ansulaled wall.
=1.

Polybedral mesl

fieal souree

IRUUEY

ilel

A
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1-2 Settings of the iconCFD solver

Import the rad.ecffile

do rame raclec

P of trpe [(mamairy ey (*ct ey * 1 %an bk $53 = soum) =] | Conel
571 Smpurt Opfions

Meries: Merge Tol: T80

Fostrn Arale . 1 Ut [mmms =

¥ Merge verices s sach fis

Ll PCANYY

Since polyhedral mesh has already been generated by ennovaCFD, we

proceed to Setup with Ennova Mesh.

GAD Geometry Mesh

@vlo~ @ Q-1
V Qv P &

Display

Setup with iconMesh || Setup with Ennova Mesh |

AW @ T
Setup
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1-2 Settings of the iconCFD solver

In the Physics panel, steady/unsteady,
compressible/incompressible,
temperature on/off, turbulence model, etc.,
will be specified. In the current case,
steady state, compressible, radiations will
be set as the right figure.

m Time .Stead State
Conjugate Heat Transfer Off
Energy Equation On
Compressibility Compressible
Buoyancy .Off
Radiation : On
Solar Radiation : Off
Turbulence Model RANS
RANS Model Standard k-¢

& A
(-
g O+

216

Physics {Ennova)

= Time

Time |Steady State

= Temperature -

Conjugate Heat Transfer | Off

Enerey Equation

g

g

[

[
Compressibility [Gomoress ible
Buoyancy [

— Radiation

Radiation iOn

Solar Radiation |Off

= Turbulence

Turbulence Model | RANS

RANS Model  [Standard k- ¢




1-2 Settings of the iconCFD solver

In the Physical Properties panel, the % A o)
physical properties of the air will be set in
this case. €D
Physical Properties ';_Ennnva__) & x
Select Volume Group
@Select Volumet | = Titial Vahes
- hit Pressure (abs) [Pa] 101325
|Hu-on Type IFW v | it Temperaturs [C] 20
slect Fluid 5 ERikl Bropertieg it Ref. Vekcity [m/s] 1.0
the Molecular Weight [ke/mol] 289 Init Turbulence Intesity 003
rti fth Specific Heat (Cp) [J/ke K)] 1007 Iit Mixing Length [m] 0.1
'-e 1es 0 € Ref. Enthalpy (Hi) [J/ke] 0 | = Reference Pressure -
mlltbe setas || ucviscosity Pss] 18665 initial conditions
uit. mi mber (Pr b f Pressure (abs) [Pa] 101325
| Laminar Prandtl Number (Fr) 07 ﬁﬁ!{%ﬁ dl llt values)
Ref Point ¥ [m] 0
Ref Point Z [m] 0
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1-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary % A C] @ P @

Conditions panel_

heatSource o=
Boundary Conditions (Ennova) & X
f: Boundary Condition Group
heatSource
» | e (2xheatSource ‘
| wall
Wall Type Ho-3ip Wall -
Temperature Type]| Heat Fhix Temp -} (ayHeat Flux Temp

Wall Velocity X [m/s] 00
Wall Vielocity ' [m/s] 00
Wall Vielocity Z [m/s] 01

Heat Source Power

4

@:Flux: Power. The value is 100

Power [w] 100
T (6xemissivity=1.0.
Emissh-'fts'l 1 I . P
reflectance=1.0-emissivity
= View Factors

Proportion Patch Size |05
Feature Angle [deg] |10

(7)xproportion patch size

ot satm
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1-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary % A C] @ P @

Conditions panel_ (contd)
inlet @&

Boundary Conditions (Ennova) [ 4
Zelect Boundary Gondition Group

. = wi (2yinlet

e [me_ -] (3)¥BC type:Inlet

Inlet Type I\lbhchy Normal to Swrface = I .

N = (ayVelocity Normal to Surface
Mormal Velacity [m/s) 10 @:velocity

Turbulence Intensfty 003 . .
e (eyturbulence intensity and
Temperature [C1| 200 temperature as set as default.
= View Factors

Proportion Patch Size] 05
Feature Angle [dee] | 10

(7yproportion patch size

..........
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1-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary =3
Conditions panel (contd) % A C]

tup
outlet ®

Boundary Gonditions {Ennova) F X

Select Boundary Condition Group

heatSource

| ~—0 o ' wall .
e (2yxoutlet

e IE i (3¥BC type: outlet

Outlet Type Static Pressure - .

Temperatue Type (Constant -] (a)Static Pressure

Static Pressure (abs) [Pai 101325 @enter the pressure value
Temperature ['C]Iﬂ[tl]

. " (eyenter the temperature

Propartion Patch Size | 0.5
Feature Angle [d=g] |10

(7yproportion patch size

---------
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1-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary (o
Conditions panel (Contd) ‘% A

slip
| Boundary Gonditions (Ennova) 5 x
Select Boundary Condition Group
ml:tﬁurce
—
(2yslip
— = -] (3»BC type: wall
Wall Type Slip Wall = @Shp Wall
bt = (xAdiabatic
Emissivity| 1 ] @ Emissivity=1.0
= View Factors

Proportion Patch Size} 0.5 . .
Feature Anele ldee] |10 (7yProportion patch size
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1-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary
Conditions panel (Contd)

wall

Boundary Gonditions (Ennova) & x

Select Boundary Gondition Group

Wall Velocity ¥ [m/fg] 0.0
Wall Velocity Y [m/fs] 0.0

Wall Velocity Z [m/fs] 00
= Radiation

Emissivity| | |

= Wiew Factors

Froportion Patch Size] 0.5
Feature Angle [deg] | 10

O
A o
- O+

e T o
:=.,'[::: - 5 'JC
l) =5

(3)xBC type:Wall
(ayNo-Slip Wall

@:Adiabatic

(6}Emissivity=1.0

(7xProportion Patch Size
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1-2 Settings of the iconCFD solver

Settings in the Solver Parameter panel. & A C] @ &
Setup

m Start Steprnd Step Solver Parameters (Ennova)
" AT — Run Time Control
m Time interval Start From  [Start Step
m Write Control Start Step 0
. End S 100
= Write Interval e
m Convergence Wkite Control [Time Step
m The criterion of convergence (in the case of 0, YWrite Interval 100
m simulation will persist until the specific iterations) Gonvergence 000
m Relaxation Factor |  Starting Time (Steady)

= Relaxation Factors

Pressure 03
Floww nz
Turbulent 0.7
Enerey 09
Density 10

LY Talerance

= Relative Torerance

| - Solver
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1-2 Settings of the iconCFD solver

Settings in the Solver parameter panel.
(Contd)

m Scheme
m Differencing scheme

m Parallel Processing
m Parallel settings foriconCFD

m Radiation
m Solver Freguency
Number of pixcels
Smoothing of ViewFactor
Convergence for Smoothing of ViewFactor
Max lteration for Smoothing of ViewFactor
Convergence for Radiation
Max Iteration for Radiation

= Scheme

Flow  [MUSCL -]
Turbulent | Upwind -
Enerey | Upwind -

= Parallel Processing

Method  [Hierarchical -
H Partitions 2

Y Partitionzs 1
Z Partitionz 1

Order HYE -

— Radiation

Solver Frequency 1

Number of pixcels 41

Smoothing of ViewFactor
Convergence for Smoothing of ViewFactor 0001

Max Iteration for Smoothing of ViewFactor 100

Convergence for Radiation 0ot
Max [teration for Radiation 20
Print Iteration for Radiation Off -
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1-2 Settings of the iconCFD solver

Saving the files for iconCFD solver
m Save the files set in ennovaCFD_

€y Sove Mesh to OpenFOAM Project [ER=x)

T = Look in: W e modeNi-SetpUTTestiradustion sample ~ 3 © O LI E[EE |
[ M Computer | [Hame ]
— FOAM S @ sturketil L Tere

Sie

FOAM Dir “/iconCFD-v328
[ Change iconGFD Install Dir

e 051C)
= Case Setup an
@ Home
Use Potential Flow |Off - & Deskrop

@ | Export Setup to FOAM - ::":,:’ B _

[ Run Sakver Directory name: . I [+]4 '
Scalve: 1
@ Enter the folder name ....ci»
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1-3 Execution

After the mesh and solver settings in the Windows terminal, copy the files to
a system where iconCFD could run (such as simulation server)

Execute runHPC.sh to start simulations -
After the simulations, copy the results to the original terminal (windows).

The folders of the following kinds will be generated after the simulations

are finished. The output frequency is as specified in the Solver Parameter
panel.

m Inthe case of multiple processors ®m Inthe case of single processor
:EIJI:"J- £ :E.E‘j -
. constant 0
proceszar( 0 250
5 processor | 250 500 Besulls Tor curry
processord 500 Mesulls Tor curery 750 ileralions,
processord 750 ileralions., 1000
aystem 1000 constant
_ afoam system

| afoam

sBesulls [or ecarh
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1-4 Postprocessing
Reading the simulation data from iconCFD (1!3)

® Inthe case of multiple processors

m Put system constant processor*_ * foam files to a location accessible by
Windows-PC.

m In the case of single processor

m Put system constant time drrecfones *.foam files to a location accessible by
Windows-PC.

Selecting the postProcessing method

m Before reading the files, choose to process the results using multiple processors
or single processor.

€M EH @r P Ennova 13 (winfid 15@)

Geometry Mezsh Setup with iconMesh Setup with Ennova Mesh Applications

fvlov B9 DD B 13 () = : —
‘l‘ Q' P 9 ELE O E@?Xe‘m mode

Digplay User Parts Wizualization
Group List = xll
G k3
Multiple .Single
processors processor

__________
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1-4_ PostProcessing

Read the output data of iconCFD (2!2)
m “a.foam” is automatically generated by runHPC.sh

Look in: 4 ) wil-Ennovaktest modelW0-SetupGUiTTestiradiation sample¥Fadistion » 3 © @ | BE[E&
B My Computer Hame & Size
& starlet11 Lo

. EnSight

. constant

& logs

e 05 (C) i processord

a0 3 File Folder
& Home File Falder
@ Deskiop afoam foam File
& Documents ] [

File name:  afoam @ ”a.foa m?»
Files of type: [Geometry Files (*ecf +reds %stl #nas *bk *bdi *foam} »|[ Gancel |
STL Import Options:
Feature Angle: 30 Uit
Vertex Margs Tal: le-06 [] Merge vertices within sach file
Merge vertices between files

LocatPG 1122
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1-4 Postprocessing

Display the distribution of temperature K.

G Jor B G- @@ GG H = b8 "
s 0% eoafup YIPEM

L CILIL R LI U L VY e LT R 5 VLV R Y L R WL L L B L
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1-4 Postprocessing

Display the distribution of temperature K.

Errren 151 il BEETRIH

cﬂf LR ] -
nup Lzt [- B 4 = ckd Geometry  Mesh  Setup wih wonMesh  Sewp mih Erveva Meth  postProcesz | Apslstens ©
¥ view @l &9 @O @& EHBMH =1
:..f; local coordinates S o0- 90 B0 SEH6 E]El] [ﬂ l_! [!]‘lu =
¥ mesh Vi Dispilay Usar Party Vinslaston Tima
[¥] Resules & |Golor Bar # x

4 Default Partcs
=l ﬂ heatSource [l T |

i
S @i B E=l= (6 Enter the temp range Min=293.15 Max=298

) .._(j cutlet [ 11y M Farge
il 1;3 alip W o of . o0,
¥ G war2 mr ® Automatic Rescale: Off

4 Color Bars

Rig| ck on @
jenerated color
bar in the tree, and
click Edit.

" . 254,
2 Dislribulion of Ihe
Y\L.r lemperalure

o0
LT LI LILT) 0,200 0.un 1,400 S
akan 0
Frocess Explorer L]
O @ roum

Fender graphics finihed
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2. Settings for the solar
radiation analysis
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2-1. Introduction

We setup up the analysis of thermal radiation (S2S model) with ennovaCFD
v1.5 and iconCFD3.2.11 in this manual.

The sol.ecf file in the sample data will be used. It is the meshed data
(polyhedral mesh) generated by ennovaCFD.

tlet pressure=

)

Ou

P

Slip wall (exterior boundary)

und, buildi
ddjation=1.0

Polyhedral mesh

inlet velocity10[m/s
Intensity of solar

radiation 1000 [W/m2]
direction 1.0,-0.5,-0.5)

ot satm

232



2-2 Settings of the iconCFD solver

Import the sol.ecf file.

‘ = y
e o —
Fies o typer [(mamalry s (4ot Srads 5t ®sas S5k 053 *doam) =] [ Cmeat ]

571 Smpurt Opfions

Fostrn Arale . 1 Ut [mmms =

Verte: Merge Tol le-B8 [ Merge vevices s sach fle

Ll PCANYY

Since polyhedral mesh has already been generated by ennovaCFD, we
proceed to Setup with Ennova Mesh.

GAD Geometry Mesh Setup with iconMesh Il Setup with Ennova Mesh ]

ovior @ 98 . o
o gpn PABEBFQS
View Display Setup
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2-2 Settings of the iconCFD solver

the Physics panel, steady/unsteady,
mpressible/incompressible, temperature on/off,
bulence model, etc., will be specified. In the
rrent case, steady state, compressible,
Jiations will be set as the right figure.

- Time -Stead State

- Conjugate Heat Transfer .Off

~ Energy Equation .On

- Compressibility .Compressible

~ Buoyancy Off

' Radiation : On

- Solar Radiation : On
m Solar Intensity
m Solar Direction

- Turbulence Model RANS
- RANS Model Standard k-¢
- Particles Off

----------

&

£
04
O+

234

Setup

Physics (Ennova)

Partizhs Cabeulation |Off

[\ = Time

Time |Steady State

— Temparaturs

Conjugate Heat Transter [Off

Enerey Equation [on
Compresshility [reompressivle
Buoyancy (ot
= Radiation
Radiation [om
Solar Radiation [on
Salar Intensity [W¢md] 1000
Salar Direction X |

Solar Direction Y =05

Solar Direction 2 =05

= Turbulence

Turbulence Modsl [RANS

RANS Model  [Standard k-

= Partichss




2-2 Settings of the iconCFD solver

In the Physical Properties panel, the % A =
physical properties of the air will be set in

this case.

elect Fluid

Physical Properties {Ennova)

Select Wobime Group
I‘nfohm'\el I

@Select Volume1

Region Type | Fid

Ehid P

Density [ke/m?] 1.204
Kinamatic Viscosity [ma/z] 161e-56

, = Initial Vakes

Tnit Pressure (rel) [m¥/s9) 0
Tnit Temperature [C] |

Init Ref. Velocity [m/s] 10
it Turbulence Intesity 003
Init Mixing Length [m] 01

set the Specific Heat (Cp) [JAkeX)] 1007 e ey
- Laminar Prandtl Mumber (Pr) 0.7 Lo .
sical Tusbulent Prandt] Number(Prt) 0.9 nitial-conditions
erties of air Ret. Temperature [C] 20 it X ] o
ult Thermal Expansion Goef (1/K] 0,003 Ret rode?alllt) 0
) Thermal Diffusivity [W/mk] 0026 Ret Point Z [m] [
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2-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary = i
Conditions panel & A C]
building , ground: No-Slip, adiabatic @

_Bnl.md.u'y Gonditions {Ennova) 8 x

(2 Use SHIFT/CTRL keys to
select building and ground

BC Type [wsll -

Wall Type No-slip Wall E— @ND'S“D Wall
= J (a#yAdiabatic

Wall Velocity X [mfs] 0.0
Wall Veloeity ¥ [m/s] 00
Wall Velocity Z [m/s] 00

- R (sremissivity of heat radiation=1.0

Emissrvity |1 - R
Trmm'm_l reflectance=1.0-emissivity

| = Viow Factrs - | (eytransparency: Off
Proportion Patch Sized 05 . .
Featre Angie (deq] | 10 (7xproportion patch size
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2-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary

Conditions panel_
inlet

N

..........

#AGUB S W
®1up

Boundary Conditions (Enmova) & x
Select Boundary Gondition Group
[ Building

(zySelect inlet

slp

- (3)BC type: Inlet

.BGTm kst b .
et Type Ngw Normal to Surface -] (axVelocity Normal to Surface

Tempersture Type | Censtant -] .
Hormal Velozity [m/s) 10 @10["1"5]
Turbulence Intensity § 003 - =
= (63 turbulence intensity and
Tempersnre 1) | 208 temperature as set as default
= i Factors 1
Propartion Patch Seef 0.5

Feature Angle [deg] | 10

(7xproportion patch size

237



2-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary =3
Conditions panel #AGOW
outlet @wn

Boundary Gonditions (Ennova) & %
Sabset Bourdary Condition Group
[ buikding

. ié]g“ _ J (zyoutlet

[ B¢ Type Outlet
Custlat Type Statis Pressure

(3¥BC type: Outlet
[ @Static Pressure

Statc essr o) G | (53 O[Pa]
Temperature [C] I?ﬂu I @ 20[Dcl

= View Faclors -

4 84

Proportion Patch Size] 05
Feature Angle [deg] | 10

(73 Proportion patch size
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2-2 Settings of the iconCFD solver

Set the boundary conditions in the Boundary
Conditions panel

0= e >
#AEOBr@ T
@

slip
| Boundary Gonditions (Ennova) & x
Select Boundary Candition Group
Busilding
eround
nlst
@)yslip
BC Type [Wall -
Wall Type Slip Wall -
Temperature Type | Adisbatic -
= Radiation
Emissivity | 1
Transparency ICh ']
Trmmiai'v'm'h
= View Factors
Proportion Patch Sizef 05
Feature Angle [deg] | 10

(3)Slip Wall

(4xAdiabatic

(53 Emissivity=1.0
(6xTransparency: On
Transmissivity: 1.0
(7yProportion patch size
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2-2 Settings of the iconCFD solver

Settings in the Solver Parameter panel.

m Start Step/End Step
B AT

m Time interval
m Write Control
m Write Interval

m Convergence
m The criterion of convergence (in the case of 0,
simulation will persist until the specific iterations)

m Relaxation Factor

Solver Parameters (Ennova)

= Run Time Control

Start From [Sta't Step

Start Step 0
End Step 100
AT 1

Write Control | Time Step

‘Write Interval 100

Corvergence 0.0

I Starting Time (Steady)

= Relaxation Factors

Pressure 03
Flonww nz
Turbulent 0.7
Energy ng
Density 10

|~ Tolerance

= Relative Torerance

leﬁIver
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Settings in the Solver parameter panel.
(Contd)

2-2 Settings of the iconCFD solver

m Scheme

Differencing scheme

m Parallel Processing

Parallel settings for iconCFD

m Radiation

Solver Frequency

Number of pixcels

Smoothing of ViewFactor

Convergence for Smoothing of ViewFactor
Max lteration for Smoothing of ViewFactor
Convergence for Radiation

Max Iteration for Radiation

= Scheme

Flow  [MUSCL -]
Turbulent | Upwind -
Enerey | Upwind -

= Parallel Processing

Method  [Hierarchical -
# Partitions 2

Y Partitions 1
Z Partitionz 1

Order HYE -

— Radiation

Solver Frequency 1
Number of pixcels 41

Smoothing of ViewF actor

Convergence for Smoothing of ViewFactor 0001
Max Iteration for Smoothing of ViewFactor 100

Convergence for Radiation 0o
Max [teration for Radiation 20
Print Iteration for Radiation Off -
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2-2 Settings of the iconCFD solver

Saving the files for iconCFD solver
m Save the files set in ennovaCFD_

| R Salver (Ennova) & x| Lok, it £ re¥D-Ennavalitect model-SenpGlTTestiadistion samcle » O O O L1 BE[E)E
| @ My Compaiter Hame 5 Saw Tyed
= FOAM Setup @ sl ) Temp File
FOAM Dir ~/iconCGFD=v329
[ Change iconGFD Install Dir
4 05 (C)
= Case Setup G
& Home L
Use Potential Flow |Off - & Deskicp |
& Documents
@ | Export Setup to FOAM [ NI " , »
[ Run Solver D'Iucmrynuma‘l SolarRadistion I -
Sealra : {smz0cnio]

‘ Enter the name of the T
OITUel
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2-3 Execution

After the mesh and solver settings in the Windows terminal, copy the files to
a system where iconCFD could run (such as simulation server)

Execute runHPC.sh to start simulations -
After the simulations, copy the results to the original terminal (windows).

The folders of the following kinds will be generated after the simulations

are finished. The output frequency is as specified in the Solver Parameter
panel.

m Inthe case of multiple processors ®m Inthe case of single processor
:EDJI:"J- £ :E.E‘j -
. constant ]
proceszar( 0 250
s processor | 250 500 Resulls lor rurry

processord 500 Mesulls o curery 750 ileralions,
processard 750 ileralions., 1000
system 1000 constant

__ afoam system

| afoam

sBesulls [or ecarh
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2-4 Postprocessing
Reading the simulation data from iconCFD (11’2)

® Inthe case of multiple processors

m Put system constant processor*_ * foam files to a location accessible by
Windows-PC.

m In the case of single processor

m Put system constant time drrecfones * foam files to a location accessible by
Windows-PC.

Selecting the postProcessing method

m Before reading the files, choose to process the results using multiple processors
or single processor.

\ EH @r - T Ennova 13 (winf4 IE@)

ab Geometry Mesh Setup with iconMesh Setup with Ennova Mesh Applications

Avie~ B ¥- DE @ id (§) @
E@f@?@llﬂ IITH;':IIELJP

P PP P ELHE O :

Wiew Digplay User Parts Wisualization
Group List =] xll

b =

Mulliple prorcessors «Single processor

..........
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2-4 Postprocessing

Read the data from iconCFD 2/2
m “a.foam” is automatically generated by runHPC.sh

€ Fils to Open oG-
Lok in: 4 ) nodeW0-SetupGUITest¥radistion sample¥Teng¥SolsrRadistion + (3 & Q@ | ] EBEES
B My Computer
P starketl]
e 051G
a0
{2y Home
@ Deskiop
& Documents 8y
File name:  afoam @ select the @
Files of type: | Geometry Files (ecf =8 25 FOya@mm ] =] [ Gancel |
ETL Impaort Options
Festwe Angle: 31 Unit
Wertex Merge Tol: le-06 [ Merge vertices within each file
[#] Merge vertices between files
LocakPG1122
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2-4 Postprocessing

Distribution of solar radiation heat [W/m2]

up List 5 X

V] view

[¥] local coordinates

[¥] mesh

[¥] Rezulcs

4 Dafault Parts
[ 3 building [ Const
[7] @ ground [ Consc
[ inlet B const
Ff ouclec @ const
(Clcais1ip

L. Const

)

(1) Hide inlet outlet slip

|@roup Liet

8 x|

[¥] m=ah
#+ [J] Reaulrs

7 iecns cerasenieg7) US@ SHIFT/CTRL keys to select

ground and buildings

4 Default Parts

(7 58 building

I: i ! groj

g Const _g

@ in1
@ ouc
@ =14

Fename
Edt

Dialeta

View

Opacity

Shading

Highlight
Shows

Hide:

Fropcted Area

3 Color>Scalar Field>Qsolar

@ D hed B o ow S =N

GAD Geomatry

Mesh  Setup with iconMesh  Sefup with Ennova Mesh
Dvle~ -9~ P @ BLIH o bd

P PP W EL
Vi Display

User Parts

Ennova 141 (winfd 16.01.29)

CRICCICES

' () Click colorbar
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2-4_ Postprocessing

Distribution of solar radiation heat [W/m2]

Distribution of solar radiation
heat
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Drivair Car Topology Mesh Tutorial
The DrivAer car is available after registering at this URL:
http://www.aer.mw.tum.de/en/research-groups/automotive/drivaer/

Once the download is complete, this tutorial uses the following parts:

#

H OH OHF OB HFH

01 Body.stp

02_Underbody Detailed.stp
03_RearEnd_Fastback.stp
04_ExhaustSystem.stp
06_Wheels Rear.step

05 Wheels Front.step

Ennova options

Use the Ennova Options to set the import mode to Groups from Surface Names (To get Options press the

Blue Ennova logo in the top left hand corner )

The

&v Ennova Options ? *
Display (=
Lighting CN Select Import Options.

Mouse Import Options
Import
[ Perform Auto Repair on Impaort
Servers {%¥ Hoops Exchange {~ Open Cascade
Resources {* MURES {~ Tessellation
Group Mode:
STLMastran Import Options
Group Mode: IOnE group per surface LI
[T Merge vertices across solids
Merge Vertices Tolerance: IIZI.IIIIZIIIII
Feature Angle: I 35
Unit: Imm to mm "I —
Scale: I 1
-
4| | B
Apply Cancel |
CAD Mod€

Loading the parts listed above will give the following model in Ennova:
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http://www.aer.mw.tum.de/en/research-groups/automotive/drivaer/

0,000 INUPEFBUEZA0DEFDIENINEFO DS 0DEFDUSIIEFODES00EFDUEA0UEHIID

Control the graphics by RMB on the geometry tree :

Delete Empty Groups

Collapse Lower Levels
Expand Lower Levels

Display Surfaces

Hide Surfaces
Show Volume Free Surfaces

Display Violumes
Hide Volumes

Mew Thin Cut

Rebuild Tree

Find Entities
Verify Client Display
Show Geometry Mesh Params

This will hide the surfaces and display the wire frame topology of the model

250



0.000 [RUUEeF 01U 2.00e*003 S.00e+003) 4,00e+005) 2,00e+003

There are black and red edges. Red edges show the edge of a surface which is not stitched to its neighbour .
Black edges show edges of surfaces which are stitched to another surface.

For an enclosed single volume with no non-manifold geometry (T intersections ) the model needs to be
repaired to be all black edges. But before we can repair the model we need a computational domain. In this
case we can use a box to model a windtunnel. For the purposes of the tutorial we will make the windtunnel
computational domain very small but for a real CFD analysis it shoud stretch at least 6- 10 car lengths
upstream and 16 or more downstream.

Select the box @ tocreate abox to create the windtunnel.

0000 200003 S0 =00 9.00e+002! F20e+004

Adjust thesize either by typing in the numbers or dragging the box controls. For this tutorial use the following
sizing:
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—atart Point

X: [-4000

¥: [-2000

Z: [-300

—End Point

X: [6000

¥: | 2000

Z: | 2500

Press Add to complete

The Ennova display should now look like
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View Display Auto Repair Transform | Selecton | Fix Nodes Fix Edges Fix Faces Create Group Tooks | Check
& x
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2
VLX
V3000 2.00e+0035 430023003 500 =015 6.00e+0035
& 01_Body-muitistp 3
& %
=]
L% ,;F ENNOVA-MARKET

What we see are black double edges and red single edges. So the geometry is not all stitched together into
volumes. We need to use the Ennova repair function to obtain our watertight computational volume.

First we need to set the correct parameters for the repair function. Open up the repair menu by pressing the down
arrow next to the bandaid in the menu ribbon
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. Repair & Tolerances 8 x|

—Repair Setup
¥ stitch Node Edge Chedk

IV Find Volume Check

¥ Imprint Intersect Bodies Chedk
[T Defeature Geometry Chedk
™ Find Structured Faces Check

—Tolerance Setup
Model Size 52145.3
Merge 1.5359
Defeature |0

Angle 0

Run Repair

Accept the merge function tolerance of 1.54 mm and set the Defeature and Angle control to 0.000. Deselect the
Defeature and Find structured Faces Check.

Yy
e

Pressthe - icon.

Ennovawill begine repairing the model. Y ou can observe the process in the message window
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When compl ete the group list will report Ennova found 28 volumes. By scrolling through the volumes visualy
we can identify volume 4 is the computational volume we require
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o ] view
¢~ W] local coordinates
B ] geometry

-~ @ .doukle edges
W] ¥ .nodes
~ W B .single edges
—W @ .multiple edges
W] M .free nodes
B[] @ Volumeol
B[] f Volumsoz
B[] @ Volumeo3
(] @ Volume04 )
-] []:I ol ]
- m s
e
e
e
- 7] [ S 2
e
e
O
g v _

B[] @ Volumeos
F-] @ Volumeoé
B[] @ Volumso7
B[] @ Volumsos
B[] @ volumseos
B[] {f Volumelo
B[] @ Volumell
B[] (f Volumelz
B[] @ Volumels
B[] @ Volumsl4
B[] @ Volumels
F-] (@ Volumelé
B[] @ Volumel?
B[] @ Volumels
B[] @ volumels
B[] @ Volumez0

This includes the box and all the geometric parts

By Selecting the other volumes combined with a RMB we are able to delete them so asto be left with the correct
computational volume

256



EN [ L Ernova 1.7.2 (wink4 19.02.25) i
Ao Geometry Mesh Setup with konMesh Setup with Brnova Mesh PostProcess Aopikcators. L
@7 Jor B~ P~ Tl A S @-0% BB0B &,
- - - o - . &~
& A PP = || 4 B CI-@ | & = & : 4Q 2y
View Desplary At Repar Transform Selechon Fix Modes Fix Edges. Fix Faces Create Group Tools  Check
% Growp Lt LR
g L = B
° =0@
] =0 I Velumedd
g o
] ] =
il om _—
I o] —
-
L]
]
m
]
8 'm - //
3 0 12)00e7 005 4/00e+003 5,00e+003 8,00e+003
Process Explorer & =
» 5 3

Now Our computational domain should look like this:
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But if you look carefully we have some yellow edges and some red edges. If this was one manifold volume every
surface edge would be connected to only one other surface edge and the whole model would be black. Y ellow
edges means that more than two (usually three) surfaces are connected at one edge. Red isaswe aready know
indicates it is connected to a single surface.
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We will now investigate and fix the yellow and red edges

To do thisturn off all the edges and press the home key. Thiswill zoom to the red edge. By selecting the red edge
RMB gives an option select attached faces.

D@\ kE e e Emova 172 (w6 19.03.25) —
CAD | Geomety | Mesh  SewpwithiconMesh  SetupwithEnnovaMesh  PostProcess  Appications

©x

@l B~ @ i AT BQooo® @add && o
-I-Qv@v {]I}E vilv & = 4G X

| Group List

| Repair Tolerances

are AGA SOL_a

AGA sOL

Verbindung.l 2
ing

Show All Groups.
Hide All Groups
Select Curves
Select All Visible:
Select All Periodic
Clear Select
Showr Only Selected
UnSelect Last Item

SetEdge Mesh Parameters
SetSize
Hide

Merge with Adjacent Edges
Remove

Create Face Single Edges.
Create Vertex Along Edge
Split Face at Selection

Select Attached
Show End Nodes.

Select [tem Group
Ex 01_Body-multi.ecf [ Copy/Transform

L TN TY

& X

Rectangle Select

Rectangle Zoom
Zoom To Selection
Transiucent On/off

After doing thiswe get a surface displayed.

Clearly this surface isincorrect (topologically ). ssmply RMB and removeit. Thiswill create a holein your model
of 4 red edges. Click on one of these edges and RMB. Select the option
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Thiswill create a new geometric face to fix the hole. There will be no more single edges in the model.

A similar approach can be done for the yellow edges.

Use the group list window to turn off all edges except the multiple Edges. Update the view using the Home key.
There will be several yellow (closed ) loops in the model. These indicate where multiple faces are connected
together. Wee wish to identify which surface are not needed for our volume and delete them to achieve asingle
manifold volume for thistutorial. There are many nuiances here do please watch the accompanying video for a
detailed explanation of editing the geometry .

After the multiple edges have been removed your geometry should look like the following
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