‘ Ennova Technologies

Training - Ennova

Advanced Skills

07 Januar y 2025

Ennova Technologies ‘
ennova-cfd.com



Generilectric 9HA Combustor

GE 9HA gas turbine combustor simulation geometry

ennova—cfd.com‘



Overview

* Models are extremely large so makes interactive training difficult as
many tasks can takes many minutes to complete

* Talk about the overall process for preparation for Charles

* Many years of Empirical development as to what has been successful

* Overview of the Strategy

* Develop Ennova skills necessary

* Charles Combustor models are large and the surface mesh ends up
around 70m elements alone. We want to make sure the final mesh is
consistent geometrically (adequately resolved and no intersections))
and has necessary qualities for Charles with correct Mesh Boundary
Conditions (for example Periodic etc.)




Overall Strategy

* CAD preparation and UG Model

* Hardware Choice for Ennova — Graphics, OS settings
* License Management

* Before Ennova - The CAD database

* Ennova Architecture

* Repair

* Surface meshing

* Techniques for trouble shooting




Cad Preparation

* Always try to work with the native UG model if possible

* Want all geometry to be tagged for the CFD Analysis Boundary
Conditions

* Different ways to store the tagging , we have done our best to recognize
these names based on history of GE models. CAD software is not
static so if you encounter problems here we are able to re-train Ennova
based on any new CAD changes




Graphics Card Setup — Do not let Windows Decide

System > Display > Graphics

Default settings

Change default graphics settings

Custom options for apps

Add an app

Desktop app v

Browse

Find an app in the list and select it, then choose custom graphics
settings for it. You might need to restart the app for your changes to
take effect.

Search this list Q

Filter by:  All apps i

- Let Windows decide (Power saving)
Camera
Let Windows decide (Power saving)

Ennova.exe

n High performance
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License Management & Software Install

E

Display
Lighting
Mouse
Import
Export

Servers

.

Get Updates

€N Distributor: Distributor: Ennova Technologies, Inc.

Check for Updatesl

Resources Contact Us

Obtain a demo license, Sali € Ennova ? X

Visit Website

Visit our Website

About Ennova

About Ennova
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Get the latest updates of Ennova

Contact Us I

ENEnnova
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Update URL ftp.ennova-cfd.com

Update directory fennova_dev

Version: 1.10.1,250207

SIMCOSM_ROOT = C:\Program Files\Ennova_1.10.1%

locale: en

Qt translations loaded: No

Ennova translations loaded: No

translation directory: C:/Program Files/Ennova_1.10.1/translation

Font: unknown

Font size: 8

his product is developed by Ennova Inc,
License file: PROGR VEMNOVA-~3.1\license\ennova. lig
License MAC
License type: permanent

Ennova product: Ennova OpenFOAM License LI

Warning: This computer program is protected by copyright laws and international treaties.

Unauthorised production and redistribution of this program or any other portion of it,
may result in severe civil and criminal penalties, and will be prosecuted to the maximum

extent possible under the law.
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Working Space For Ennova
* Environment Variable TMPDIR

Environment Variables X

User variables for davee

Variable Value

OneDrive C\Users\davee\OneDrive

OneDriveConsumer C\Users\davee\OneDrive

Path C\Users\davee\AppData\Local\Microsoft\WindowsApps;
TEMP C\Users\davee\AppData\Local\Temp

TMP C\Users\davee\AppData\Local\Temp

| New... Edit... Delete

System variables
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Selection Help
* The Combustor models are large making selection and viewing
problematic

* We have developed many methods to help the user
* Hot Keys, ffor face, e for edge and n for node
* Edge display can be restricted by face or group
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Running Ennova Commands from the Command Line
* Example : writeFluent.exe

: C:\Program Files\Ennova_1.10.1\bin>writeFluent.exe -help
b Usage: writeFluent [inputfile [ outputfile ] ] [options]
L Options:
i 1 <inputfile>: the input file
i <outputdirectory>: the output directory
i <scale factor>: scale the mesh
i <volume name>: extract a volume
i <decimal places>: output float precision
, —ascii: export in ascii format
i —-space: replace spaces in group names by underscores
i —auto: extract volumes automatically
, —explode: export each volume to a separate file
, —of: output file
i —notime: do not print timing
h Example:
i writeFluent -s 0.001 -d 8 -v fluid -v solid -i mesh.reds -o mesh.msh
i Description:
i -s 0.001: converts millimeters to meters
i -d 8: write numbers with 8 decimal places in ascii output
I -v fluid: "fluid" is a volume domain
-v solid: "solid" is a volume domain
-i mesh.reds: input mesh file; an ascii "*.hum" is acceptable too
—0 mesh.msh: Fluent mesh file
—ascii: write output in ascii format




ennhova’s client/server architecture

Big user data




server architectural components

CAD Cleanup Meshing Algorithms
Mesh Topology

Generic Mesh
Generic Geometry Interface Interface

Various mesh

Other geometry kernels Representations

%

CAD Hoops Exchange
Data REDS File meta-format

Open Cascade

\&
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CAD Cleanup

generic geometry interface

+ need to have the ability to port code to different geometry kernels

+ also supports access to geometry kernels not running in same
address space or even same computer

+ supports parallel access

+ supports CAD assemblies
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CAD Cleanup

ennova geometry kernel ]

— A

CAD
Parts

Open Cascade

+ holds B-splines, STL data and analytic
surfaces/curves

+ fully thread safe
+ high performance search/project/intersect.
+ optimized for queries as opposed to creation.

+ all queries on B-Splines/analytics to unitin the last place
(ULP)-- no tolerances!
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CAD Cleanup

ennova mesh topology

Other geometry kernel$

a data layer between CAD and mesh that enables:

+ merging/splitting of edges/faces M
+ interval assignment

+ structured faces

+ sweptvolumes

+ structured volumes

+ booleans between parts from different CAD systems

+ has no coordinate data

+ maintains the integrity of the original CAD

+ enables parallel meshing

+ analogous to ICEM HEXA Blocking .
ennova—cfd.com‘



CAD Cleanup

CAD cleanup

+ based on ennova mesh topology

Dther geometry kerne|

+ fully automatic

+ performs independently of user tolerance

Open Cascade

+ targeted for mesh creation
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ennova topology mesher

+ follows geometry cleanup

+ decomposes space into structured and
unstructured faces and structured, swept and
unstructured volumes

+ naturally builds hybrid anisotropic meshes

+ runs in parallel
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ability to “look under the hood”

+ Most capabilties are available from the unix/windows command line
+ Executables read/write geometry/mesh .reds files.

+ Geometry import: CAD file to part.reds

+ Mesh output: mesh.reds to solver input file

+ prism mesher; tet mesher; volume smoother; dualizer

+ stand-alone topology mesher.

+ stand-alone mesh viewer/checker.

+ reds encoder/decoder.
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ability to “look under the hood”

+ .ecf (ennova case file) is basically a tar.gz of all of the working files of
a session:

+ mesh.reds (current mesh)
+ <partname>.reds (the originally imported CAD part(s))
+ part.db (mySQLdatabse of meshing controls)
+ You can edit this with any mySQL editor.
+ topo.reds (file representation of topological view of CAD)

+ Case file implode/explode
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Ennova Steps — Putting it All together
* CAD Import




Ennova Import Options

* CAD Data Options

* For GE Combustors from NX Use This Option

€« Ennova Options 7 x
Display 1=
Lighting €N Select Import Options.

Mouse
CAD Import Options
Import
Export ™ Perform Auto Repair on Import ™ Exclude Untrimmed faces
Servers (# Hoops Exchange (" Open Cascade
Resources (* NURBS (" Tessellation
Group Mode: Groups from surface name Jhdl| —

™ use group map file
STL/Nastran Import Options
Group Mode:

v Merge vertices across solids

Merge Vertices Tolerance:

IJGRAN 1/EMNOVA~1.7/ts3d/directive_file.txd

IOne group per surface |

a— -

Apply | Cancel |

A
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HISLOMNC INA TMIOACtU Farairieiers & iviesr oiZing ror
Combustors

* Over the past few years we have standardized on the following
parameters for Repair and Surface Mesh for the Combustors.
* Model in meters
* Overall Geometry Repair Tolerance = 1e-6
* Maximum Mesh Size = 0.05
* Minimum Mesh Size =0.05/(275) =0.05/32 =0.00016
* Curvature Refinement =12




Understanding the Repair Functionality

* Merge Tolerance — We have been using 1e-6 on the combustors

* Stitch Only , merges surfaces and does not do face intersection
* |f the trimmed surfaces are good (Usual) ,this is the preferred merge

e Stitch and Intersect - For bad quality geometry (Not usual in this case)

* Find Volume - Only use once the model is believed to be correct. For
large models this is a very expensive command.




A final Word about Ui vs Batch Mode

* The Gui is a generally designed to handle these complex models

* However under these circumstances you will find batch / command
line useful

* Sometimes more options are available by command line or easier accessible
(For example writing the final export mesh to disc is more convienently done
from script)

e Scripts can be native to Ennova or Python may be used

* Sometimes during debugging problematic geometry a command line is more
verbal with messages. -vand -V (For verbose ) can be used

* Scripts can be re-used at a later date.




ennova’s approach in Practice

Raw CAD Data,
step, iges,stl,
proprietary cad
formats
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Example — Repair for Charles

* Load Model, groups
e Stitching

* Untrimming

* Splitting

* Volume Detection

* Periodic Boundaries




Untrimming / Revert to Original (Catia WaterBottle_Nozzle

Show Only Selected
Refine Display

Ennova 1.10.1 (winG4 4

Revert

G‘ @ 5%3 8 B (D é}‘ é}z Unselect La Ttem

ﬁ' & o >( é’ Set Face Mesh Parameters
==

Mesh Selected Face
Fix Faces Create Group Tools | Checl

Set Size 3
Hide »
Remaove
Extrude

Fix hole in face

Select Bounding Edges
Select Scratch Edges
Select Attached Volumes

Select Periodic Twin
Select Baffle Edges
Select All Connected

Select Smoothly Connected

Repeat Command

Select tem Group
Copy/Transform 3

Copy to group
Move to group

Mesh Selected Volume
Create Box Density

Select Normals Algorithm

Properties

ennova-cfd.com



Periodic Boundaries

* All Periodic Faces Must be split into simply connected Faces




Clear Select
Show Only Selected
Refine Display
Revert to Original
UnSelect Last Item

Set Face Mesh Parameters
Mesh Selected Face
Set Size on Items
Hide

Remove

Extrude

Select Bounding Edges
Join Surfaces
Cut Surface out of Surface
Make Surfaces periodic

Intersect Surfaces
Create Swept Volume

Copy/Transform

Copy to group

ennova-cfd.com‘
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