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Tools

Module based optimisation process chain

"
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Root process - AutoOpti

parametric creation
of members

member validation

Cluster — Slave 1...n

Blade generator

Mesh generator for CFD

CFD calculation (aerodynamic analysis)

Mesh generator for FEM

HOT-to-COLD transformation

Non linear static analysis by PERMAS

Modal analysis by PERMAS

Nodal diameter analysis by PERMAS

Reliability (HYPRA)

Evaluation of the results




Tools

Preprocessing- Automated blade and mesh generators for the CFD calculation

Blade generator

e parametric generation of
blade geometries

Mesh generator for CFD

Nabennetz
e automated generation of CFD

grid, incl. boundary conditions
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Tools

Solvers — CFD calculation with TRACE

CFD-Solver TRACE
 CFD solver for turbomaschines
* Navier-Stokes equation

» Calculation of aerodynamic
properties of the blades
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Tools

Preprocessing - Automated mesh generators of the blades for the FEM calculation

FEMBladeNetGen (SHELL, HEX)

e automated generation of complete FE blade model, incl. loads and boundary condtions

HEX-elements SHELL-elements

automatical

determination of
fiber orientation
(anisotopic
material)

element property -
exact layer setup
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Tools

Preprocessing - Automated mesh generator of the disc for the FEM calculation

FEMDiscNetGen

e parametric generation of arbitary definable
disk shape

e automated generation of FE grid of a disc

segment, incl. boundary conditions periodic

boundary

* merging blade and disc grids to a common conditons

model, incl. all loads and boundary
conditions

dg,dz=0

cylindrical coordinate

automated generated FE model of a system

centrifugal compressor, incl. Blade,
disc, loads and boundary conditions
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Tools

Solver — calculation with PERMAS

HOT-to-COLD transformation with PERMAS

» determination of corresponding unloaded (cold)
geometry

» determination of unloaded tip clearance

FEMAnNalysis
» static analysis (stress, displacement, strain, ...)

* dynamic analysis (eigenmodes, nodal diameter,
frequency margin, ...)
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Tools
Postprocessing — automated analysis

HYPRA

» Determination of the failure probability

FEMResults

« transfer of the relevant mechanical results to AutoOpti




Examples

Low pressure turbine

RCE - distributed, workflow-driven integration environment

Blade geometry generation
Cologne

Bi rau_nschweig

Test for castablllty

Cologne

Aerodynamlc simulation

TRACE Braunschweig R
Cologne

= poin) AutoOpti Member generation <
Cologne
l Structural mechanical simulation \

PERMAS Stuttgart

Reliability assessment
HYPRA Cologne

Blade geometry generation
Cologne

Test for castability
Caologne

Stuttgart

Aerodynamic simulation

TRACE Braunschweig
v
Structural mechanical simulation

PERMAS Sluttgart

Objective functions

Reliabllity assessment
HYPRA Cologne
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Examples

Low pressure turbine

Cumulative volume gain

Optimization progress
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Examples
Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

Objectives:

* Improvement of aerodynamic and |
mechanical characteristics

* Innovative manufacturing techniques
(skeleton-plane parallel layer design)

Challenge:
» Integration of anisotropic materials into
the design process chain

» Integration of the rotor discs to improve
the evaluation of the structural dynamics

i DLR




Examples
Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

Conventional Version:

 onion layer design

» layer cuttings have to be fit exactly

* big manufacturing efford

New Version:
» skeleton-plane parallel layer design

e usage of organic sheets

------------- )« final profile geometry is made by milling
processing

i DLR
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Examples

Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

reshaped milled final fan

organo sheet organo sheet organo sheet blade
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Examples

Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

Target functions

1. function:
2. function;

3. function;

i DLR
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Examples

Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

Pareto-Diagramm
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Examples
Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

Maximal strain R1
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Examples
Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)
Strain
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Examples

Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)
Displacement
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Examples

Fan (CRISP - Counter Rotating Integrated Shrouded Propfan)

Mode 1 Mode 2 Mode 3
A, [mm]: 4.38 A,y [mm]: 1.30 A,y [mm]: 1.21
Axf [mm/s]: 0.52 Axf [mm/s]: 0.39 Axf [mm/s]: 0.46
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Examples

Centrifugal compressor

automated generated
CFD grid
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Examples

Centrifugal compressor

frequency [hz]
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Further development

Revision of FEMBladeNetGen
* integration of truncated trailing edge (centrifugal compressor)
 integration of cooling chanels
 integration of circumferential contouring
 integration of blade roots

Fluid-structure linking
e calculation of the thermal transfer between
inner (cooling) and outer flow |

Integration of additional disziplines
 fluid dynamics - flutter analysis
o durability

COLD-to-HOT transfer
« automatic transfer of off design geometries
« compatibility between blade and disc

i DLR




Thank vou for your attention!
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