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1 FINE™/Design3D: \/
Introduction 4 vemee
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Challenges in Turbomachinery Optimisation:

* Multiple & contradictory targets, e.g. increased
efficiency, pressure ratio, surge margin...

* Secondary targets & constraints, e.g. blade thickness
& strength, fabrication

* Complex geometries, hence large number of free
parameters

N-dimensional objective function
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& lots of local extrema




FINE™/Design3D: o
Package Overview IVUMECA
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FINE™/Design 3D

AutoBlade™ . FINE™/

Para. modeling DESign 3D
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FINE™/Design3D:
Optimisation Cycle

s

FINE™/Design3D

AutoBlade Design3D

Para. Modelling Optimiser

AutoGrid5™ FINE™/Turbo

(Mesh Generator) (CFD System)
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1 FINE™/Design3D:

Working Principle for 1D Case
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Step 7: CFD Verification of Improved Parameter Combination

1 (Objective Function)
A

New, predicted optimum

Predicted optimum

Verification by CFD

New CFD result

Initial database of
CFD results

Artificial neuronal network (ANN)

G (Design Parameter)
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2 Case: LP Steam Turbine & Exhaust Casing

Overall Turbine Sketch 9 hisiy

USC 660 MW Turbine

HP IP LP1 LP2

Total turbine length to LP 2 flange > 30000 mm
Overall weigth ~1100 t



Case: LP Steam Turbine & Exhaust Casing
Low Pressure Stage, Diffuser & Exhaust Exit
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* Main goal: increase global efficiency & maintain mass flow
* Four operating points per design

Efficiency [-]

o
a -
S

Mass Flow [kg/s]

0P1
0P2
0P4

Operating point by P Operating point by
Polynom FINE/Design 3D
ﬁ NT1syk.opt fOr the sample by weighting function @5,,0""
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* Main parameters:

Blade Shaper

AutoBlade™

* Constraints:

* Polylines at the diffuser hub
(welded construction)
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Case: LP Steam Turbine & Exhaust Casing
CFD Setup
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Solver FINE™/Turbo

Flow & Physics

Mathematical Model: Turbulent Navier Stokes
Turbulence Model:  Spalart-Allmaras
- | Fluid: Water Vapour Perfect

Inlet [@last St. Stator]

|V.|/V = profile
|V.|/V = profile
IV,|/V = profile All Walls
N Pein = prof'ile M Solid & Adiabatic
Ty = profile Low RE
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LP Steam Turbine & Exhaust Casi

CFD Setup

Case
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Structured, multi-block, multi grid
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3 Results: Database

Global Efficiency vs. Sample Number 17 -
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@ Original

# Database

Sample 99 & Sample 155
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Results: Database o

Sample 99

[l
File Edit Geometry Analysis View Help

Target Settings | V
fmein bizde | #|[ection 1 #| AutoBlade

Model Editor S S a— =1 =i L=

Sueam surfzces MERIDIONAL

Stacking laws

Main blade  \  _ _ _ _ _ _________________
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Splitter blades {
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Effects !
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Non axi hub

Non axi shroud

Qa il

Fitting Control
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Enter ==
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Meridional geometry Sample 99 DOOSAN
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Sample 155 19

Target Settings : File Edit Geometry Analysis View Help |y
Model Editor BlagE oY e r E|il ot #|feint 3| _PAutoBlade
Endwalls

Stream surfaces MERIDIONAL

Stacking laws

Main blade

Splitter blades
Effects ;
Non axi hub :
Non axi shroud JJ
|

Qa il

Fitting Control | T

P

R

L

Enter ==

Z
&+ || = el smmsiaamE) @5""‘"'

-1243.317261 5227.952422 0.000000 I

Meridional geometry Sample 155




Results: Database
Meridional Averaged Results for OP1
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Original

Sample 99

Sample 155

Streamlines: Original & best designs in Database
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3 Results: Database - V
Blade Geometry: Original 21 NenreA

e e

—

| @ sHoon

Original DOOSAN




3 Results: Database - V
Blade Geometry: Sample 99 22 NenEeA
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Results: Database
Blade Geometry: Sample 155
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Results: Database
Characteristic for Sample 99
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Results: Optimisation WA
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Results: Optimisation
Overview: Objective Function Definition 26

Database complete: Start Optimisation

OPT1: no mass flow restrictions

OP3 & OP4 critical: large increases in mass flow
led to lots of failed designs

OPT2 — OPT5: diverse constraints on mass flow
for different OPs
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W Optimisation 01
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Global Efficiency Distribution in OPTs
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Results: Optimisation

Global Efficiency Gain 29 %Mﬂ
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Best Sample OPT 1
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Pressure Recovery Gain 30 ez
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4 Results: Optimisation cor
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Diffuser & Exhaust Channel Geometry 32 venred
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Target Settings : File Edit Geometry Analysis View Help |y
Model Editor BlgE oY= r Bl rantode  &| Fectont 3 AutoBlade
Endwalls

Stream surfaces MERIDIONAL

Stacking laws

Main lade
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Effects !
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Fitting Control
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Enter ==
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-761.157654 5333.875000 0.000000 I

Meridional geometry
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Diffuser & Exhaust Channel Geometry 33 Venred

Target Settings : File Edit Geometry Analysis View Help |y
Model Editor BlagE oY e r Bl ot #|feint 3| _PAutoBlade
Endwalls

Stream surfaces MERIDIONAL

Stacking laws
___________________ (

Main blade

Splitter blades
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Meridional geometry




Results: Optimisation
Diffuser & Exhaust Channel Geometry

Copyright
NUMECA

34 NVUMECA

INGENIEURBURO

e e

Target Settings T File Edit Geometry Analysis View Help |V
Model Editor =T T S e = V) = oroee 3| et 3| _PAutoBlade
Endwalls
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Stream surfaces
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Main blade
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Meridional geometry
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Diffuser & Exhaust Channel Geometry 35 Venred

Target Settings : File Edit Geometry Analysis View Help |y
Model Editor BlagE oY el r Bl rantode  &| Fectont 3 AutoBlade
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Meridional geometry DOOSAN
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Diffuser & Exhaust Channel Geometry
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Results: Optimisation
Blade Geometry
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Best sample DB
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Results: Optimisation
Blade Geometry
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Best sample OPT 1
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Results: Optimisation
Blade Geometry
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Best sample OPT 2
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Results: Optimisation
Blade Geometry
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Best sample OPT 3
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Results: Optimisation
Blade Geometry
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Best sample OPT 5
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4 Results: Optimisation .
Typical Convergence & CPU Time 44
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3 Cores [Intel Xeon X5650 @ 2.67 GHz]

1M cells

Residual Convergence

Time to convergence: 30 min
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Results: Optimisation
Conclusion

Total : ~ 700 designs [700 meshes, 2800 CFD
runs, 700 post-processing runs]

Database already contained
more efficient designs

Up to 2.5% increase in global efficiency is
observed during optimisation

Whole characteristic shifted towards
higher efficiency

Objective function definition very important
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End of Presentation y
Thank you for your attention! NUMECA
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