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GT Gas Turbine Laboratory DLR

GTlab = DLR’s Virtual Engine Platform

Design, Analysis + Optimization of
aircraft engines + stationary gas turbines

Multidisciplinary, Collaborative, Interactive
Central Data Hub + Data Processing

Automation via Workflows

* Flexible + modular Framework (OS),
extensible via “Modules” (Apps)

* Many parts as Open Source Software

https://www.gtlab.de
https://qithub.com/dIr-gtlab - f=

[F

SCAN ME
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https://www.gtlab.de/
https://github.com/dlr-gtlab

Goal: Realization of the Virtual Engine
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Multidisciplinary Design DLR
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Multidisciplinary Design — Thermodynamics ‘#DLR
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Multidisciplinary Design — Sketching

€% GTlab - HGF - PW-308-SingleHPC_v2_PreDesign - C:/data/GtProjects/GTlab-Demo_03_25/PW-308-SingleHPC_v2_PreDesign

File Edit
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CAD Viewer - iStar Engine and Nacelle

IntelliGraph Editor - Flow Channel

x Properties

BugCheck
Property Unit Value
¥ Main
Path
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+ Add...
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~ 8 BladeGen Export

B Export S2 to Bladegen

-8 Python

’, My Python Task

’, Python Script Editor
~ 8 CoolingGenTest

-:; Calculator
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Multidisciplinary Design — Sketching DLR
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Multidisciplinary Design — 3D Geometry i

=t GTlab - HGF - PW-308-SingleHPC_v2_PreDesign - C:/data/GtProjects/GTlab-Demo_03_25/PW-308-SingleHPC _v2_PreDesign
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Multidisciplinary Design — Rapid Analy

ALUL-RESUILS
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Interactive Analysis

Op Data In Generation
- ADG CRInput
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Structural Mechanics Analysis

e Mesh Viewer DISPLACEMENT Properties
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Collaborative Design

>

N
Ol 7

Central Data Store

W
gl
-

Large CFD data are a challange in collaborative environments!

Push changes to server
Pull updates from server
Works great, if data /
changes are small
Inefficient for large binary
data (> 100 MB)




The CFD workflow

@) Data Store&
HPC Cluster

Geometry
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The CFD workflow

Parametric
Design
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Post-

Processing
& Mesh
Generation
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The CFD workflow

Setup of
Simulation
Topologies

N

n m
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The CFD workflow

DMS Service &
HPC Cluster

Setup of

Simulation
Topologies

l?l Upload Mesh and
Simulation Setup
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The CFD workflow

Simulation < @,@,
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The CFD workflow

Store
Results in
DMS
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The CFD workflow

DMS Service &
HPC Cluster

Result
Analysis

‘ Download Result Data
Ll
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The CFD workflow

Result
Analysis
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The CFD workflow - challenges DLR

1. Different Simulations (CSM, CFD...) require different Geometries

2. Large data transfers are time consuming / inefficient

3. TRACE simulations should be executed on a HPC system
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Geometry Parametrization & Generation

e 3‘ Stator 1
B Blade Row Data . . .
v £ Profie Data Multiple Variations
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Geometry Post-Processing DLR

Scene Edit 'm

%  BxportStep
® shapss  Export

. NGV . NGV Generator ®  NGVGolor ® Shape Group . Shape Drawer
Stator 1 & v - object @y chipct Property | = shapes ® @ shapes -Shaps @———————@ shapes shapes @ # shapes
® shs
9= = ¥ Build Settings I Shapes
; shapes
Child Components
Ravarca DnE:\H An = iR | T
4 » ® shapes shapes @ ® shapes
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|
\‘\
. Rotor . Turbine Blade Generator
Rotor 1 W e ohjet @— g Chicr Property L~ shapes ® ® Get NGV LE/TE
5 . - ® shay ha L
- ¥ Build Settings e S S
Child Components
-
o Sinme Batalian v ® Get Bade LE/TE
® shapes shapes @
L] Tip Spline L Outer Annulus Spline
Hubspline & - ohject @ bt Property L= shapes '\_ ® TipSpline Golor
* v Build Settings y 2152 HEE
Mala Revnlitinn =i

L]
® Hub Spline Glor

® shapes shapes
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TpSpine W e object ® chject + shapes @
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* w Build Settings

Make Reunlitinn s
’

*Siggel et al., Closing the Gap between Data Model driven Geometry Generation and HiFi CAD for
Automatized and Consistent Design Analysis, AIAA Scitech 2024
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CAD Tool Interoperability

Geometry

Exchange of geometries between tools using
the STEP file format (ISO 10303 standard)

Metadata

Additional JSON file contains
additional metadata :

= Name
= |ID
= Color
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Mesh Generation

Structured Grids

= Workflow Component for
NUMECA AutoGrid Mesh Generator

Unstructured Grids

V23NN wbukdod

= Geometry Generator for the fluid, blades, contours
» Step Export with annotated Metadata (inflow, boundaries ...)

» Used in Centaur, Ansys ...
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RFECT-UHBR-GTF
Performance
PreDesign
2 Schedules
3 Parameterization
O FAN
~ [B] Rotor Sectior

0O Stage Def

v [ Blades
.
PaR—— rotor

» [ Downstre

» & Compres:
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3 Stage Detf

¥ [ Blades

» 3 stator
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» 8 Compres
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DUCT
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COMBUSTOR
HPT
IT-DUCT
LPT
HPSHAFT
LPSHAFT
FAN_SHAFT

>
[s]
B
a
B
O
@
O
@
O
O
O

Remote Data / Processing

@ Remote Minion
ﬁ Request ﬁ

Command Command

Data Data Executed at

@ Remote Location

Response @

G1 Design Environment I Headless

Lob [ o |
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Remote HDF5 access

RFECT-UHBR-GTF
Performance
PreDesign
2 Schedules
3 Parameterization
O FAN
~ [B Rotor Section

0O Stage Def
v [ Blades DATASET 1.1

» = rotor DATASET 1.2
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» B Compress
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3 Stage Def
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» X stator FROJECT Central
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> 8 Compress DATASET 1.1 :
B Core Section e Service
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-RFECT-UHBR-GTF
 Performance
 PreDesign
B2 Schedules
3 Parameterization
O rFAN
v [B] Rotor Section
O Stage Definition
~ [ Blades
rotor
» O Downstream St:
» 8 Compressor Dat

v [B] Bypass Section
O Stage Definition
~ [ Blades
4 3 stator
» [ Downstream St:
» 8 Compressor Dat
[B] Core Section
DUCT
BOOSTER
IC-DUCT
HPC
COMBUSTOR
HPT
IT-DUCT
LPT
HPSHAFT
LPSHAFT
FAN_SHAFT
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Remote HDF5 access

DLR

File Edit JTools Window Help Dev

L * (=} ® L

Explorer ~
v @ Remote-hdf5
» H5 HDFS Module Meshes ~
M v !
v M 1097

3

» H5 CGNS File
O Meshes

+++

v [ Mesh Data +
M Density +
M Enthalpy +
M EnthalpyStagnation +
M Mach +
M Pressure +
M PressureStagnation +
M SpecificHeatPressure
M THERMX +
M Temperature +
M TemperatureStagnation
M ThermalConductivity  #*
M VelocitySoundSquared
M VelocityX01234 +
M VelocityY +
M VelocityZ +
M ViscosityMolecular +
Q (an+#
Properties
Zonel - gtmesh::CGNSMeshObject
Property Unit  Value
¥ Main
Path in Hdf file Base/Zone1
Q, (s
Output
Application Python Console
Level Time 1] Message
W Imres wuie SUVUIY PG NI ]S e
& 14:47:25 Core saving module data "HDF5 Module” ...
Fel 14:47:25 Core saving module data "GTMesh" ...
Y 144725 Gui Remote-hdfS saved!

Logging Level:

Trace

o}

(venv) {base) sigg_sa@st-tukc-hal 3 pronghorn-server
Will vateh for changes 1 ke (o retotess ['/home/sigg_ma/pronghorn
]

Uvicorn running on http://0.0.0.0:8050 (Press CTRL4C to quit)
Started reloader process [1393992] using WatchFiles
Started server process [1394910]
Waiting for application startup.
3 Application startup complete.
. done
129.247.105.50:50517 - "POST /api/files/lo‘”’operaticn Info&fileType=h
fSBuseHmions-truellnc wfalse HTTP/1.1'
« done.
129.247.105.50:50518 - "POST /api/files/10972operation=InfolfileTypeshe
fshseﬂlnions—tr‘uellock false HTTP/1.1"
done.
: 129.247.105.50:50519 - "POST /api/files/18972operation=InfodfileType=h
f58useMinionsetruellock=false HTTP/1.1"
. done.
¢ 129.247.105.50:56528 - "POST /api/files/10972operation=InfolfileTypesh
f58useMinions=true&lock=false HTTP/1.1"
. done.
: 129.247,105.50:506521 - "POST /api/files/109730peration=InfodfileType=h
fsuseMinions=trueflock=false HTTP/1.1"
. done.
: 129.247.105.50:50522 - "POST /api/files/10972operation=InfolfileTypesh
f5auseMinions=true&lock=false HTTP/1.1"
. done.
: 129.247.105.50:50523 - "POST /apl/files/1097’operation=!nfo&fileTyphh(
fSBuseMinionsetruellock=false HTTP/1.1" 2
. done.
: 129.247.105.50:50524 - "POST /api/files/10972operation=InfolfileTypesh
f5guseMinions=trueklock=false HTTP/1.1"
. done.
129.247.105,50:50525 - "POST /api/files/los7’operation InfolfileType=h
f58useMinionsetruellock=false HTTP/1.1"
. done.
2 129.247.105.50:508526 - "POST /api/files/10972operation=InfodfileType=h
f58useMinions=true&lock=false HTTP/1.1"
. done.
: 129.247.105.50:50527 - "POST /api/files/10973operation=InfodfileType=h
fsluseMinionsetruellock=false HTTP/1.1"
. done.
S 129.247.105.50:50528 - POST  /api/files/10972cperationsInfolfileTypesh
f58useMinions=trueklock=Ffalse HTTP/1.
. done.
3 129.247,105.50:50529 - "POST /api/fuzs/ww’operation-!nfolfuerype-m
f58useMinionsw=truellockefalse HTTP/1.1
. done.
2 129.247.105.50:5053@ - "POST /api/files/10972operation=InfolfileTypesh
f5&useMinions=true&lock=false HTTP/1.1"
done.

: 129,247.105.50:50531 - "POST /api/files/1@972operation=Info&fileType=h
f58useMinionsetrue8locksfalse HTTP/1.1" 0
ne.
129.247.105.50:50532 - "Posr /upi/files/mw’oper-tmn-mfo&fxlﬂype-h«
fshseﬂlnions—truellock false HTTP/1.



TRACE Suite Integration
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nditions
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