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¢ Introduction

¢ Parameter model
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target:

influence of manufacturing
tolerances on properties of
compressor

. .

measurement of HPC blades to
obtain geometric variations

: B

simulations

: B

compressor characteristics with scatter
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Optical scanning process

eusing structured light

(Streifenprojektionsverfahren)

ecapturing geometry in 3D
*approx. 2mio points
ofully automated process

eregistration by blade or foot
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getting measured blade in simulation - recently published models:

eupdate of CAD-geometry
+ same process like regular simulation
- NURBS-based, nonphysical parameters

ofitting a full 3D parametric blade model

+ analytical geometrical model (allows big deformations)
+ same model as for the design process

- fitting gap

- big parameter set

edelta-model using Principal Component Analysis (PCA)
+ PCA allows reduction of degrees of freedom
+ modes are not correlated

- nonphysical parameters Source: Grasel et al, 2004
(ASME: DETC2004-57467)
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TEEH“'SC"E Introduction IV

getting measured blade in simulation - developed model:

A
eQ3D-delta-model using physical parameters *

+ delta-model: no fitting process required

+ decompaosition into camber line and chord line

+ flexible set of physical parameters

- serves for little differences

- unique morphing tool for profile rebuild required

— seclion outline
— camber line
— chord line

- correlation between parameters has to be considered

1st Probabilistik Workshop A parametric compressor blade model for considering Slide &
Dresden 2008 geomefric variations in numerical simulation



Gur) Oniversivar Overview
DRESDEN

Faculty of Mechanical Engineering - Institute of Fluid Dynamics - Professorship of Turbo Machinery and Jet Propulsion

e Introduction

e Parameter model
- Way from measured blade to parameters
- Parameter set
- Profile rebuild
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Way from measured data to parameters

1. sorting of discrete points

into slices (spanwise
constant)
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Way from measured data to parameters

1. sorting of discrete points 0.008
into slices (spanwise s |
constant) '
2. section outline trough 0%
rotation symmetric face 0.002
E  0.000 -
-9
-0.002
-0.004
+ spanwise const slice
section outline
-0.006
-0.008
I ' | ; I ' I " I
0.404 0.408 0.412 0.416 0.420
z[m]
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Way from measured data to parameters

1. sorting of discrete points 0.008
into slices (spanwise
constant)

2. section outline trough 0.00
rotation symmetric face
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Way from measured data to parameters

1. sorting of discrete points A
into slices (spanwise 0
constant)

2. section outline trough
rotation symmetric face

3. calculation of camber
line and chord line

— section outline
—— camber line
— chord line
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Way from measured data to parameters

1. sorting of discrete points A
into slices (spanwise 0
constant)

2. section outline trough
rotation symmetric face

3. calculation of camber
line and chord line

— section outline | .
—— camber line S .
— chord line et
>
m
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Way from measured data to parameters

1. sorting of discrete points
into slices (spanwise
constant)

2. section outline trough
rotation symmetric face

3. calculation of camber
line and chord line

4. calculation of camber
and thickness
distribution

-+ thickness distribution
— approximation

/

&
-
T
F
e
F
F
E3

V.

'

_}_ camber distribution

—— approximation A\’
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¢ Introduction

s Parameter model
- Way from measured blade to parameters
- Parameter set
- Profile rebuild
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Parameter model

1. axial and tangential A
position (xyz-system) ¥

— section outline
—— camber line
— chord line
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Parameter model

1. axial and tangential A
position (xyz-system) 0
2.chord length, stagger
angle (r-theta-m-system)

— section outline

—— camber line
— chord line
=
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Parameter model

1. axial and tangential w
position (xyz-system) V.

2.chord length, stagger !
angle (r-theta-m-system) F 4

3. camber distribution related F
parameters ,g + camber distribution

~—— approximation %‘\
X
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Parameter model

1. axial and tangential W

position (xyz-system) V.
2.chord length, stagger ! .

angle (r-theta-m-system) F 4 \
3. camber distribution related Ef "%

parameters i %\

X
# A"
A * +
W] & w
x> X
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Parameter model

1. axial and tangential d
position (xyz-system) /

2.chord length, stagger
angle (r-theta-m-system)

3. camber distribution related

parameters —+ thickness distribution
— approximation

&
£

4. thickness distribution
related parameters X
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Parameter model

1. axial and tangential
position (xyz-system)

2.chord length, stagger
angle (r-theta-m-system)

3. camber distribution related
parameters

4. thickness distribution
related parameters

/

&
£

>
X
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Q3D Model - parameter in spanwise plot

1. ploting parameters over
spanwise coordinate

+ + Parameter

¢ jr]
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Q3D Model - parameter in spanwise plot

1. ploting parameters over
spanwise coordinate

2.averaging over user defined
number of sections P

- Parameter
— averaged Parameter

A

-

Qs 0810 0405 D410 Cath Q420 0425 0430
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Parameter model - number of parameters for blade

parameters/section (14) * no of sections +  parameters for
fillet (2)

.f /\
I
+ thickness disiribulion -+ camber distribubion \\\ »
— appeaximation . SpIGaIREON \' Pl — Parameterkurve
X - = : ] - EXtragation
‘. — Fammeter o benechnale Flachs
" | — averaged Parameter | ﬁ Machengleicher Bereich
— section oulling
— camber ling
— Cheord line
>
z
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¢ Introduction

¢ Parameter model
- Way from measured blade to parameters
- Parameter set
- Profile rebuild
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Variation of grid:

Calculation of the new profile -
(original + difference) .

example:
variation of stagger angle _

—— Profil (Referenz)
——— Skelettlinie (Referenz)
—— Sehnenlinie (Referenz)
—— Profil (Variation)

—— Skelettlinie (Variation)
—— Sehnenlinie (Variation)

T T T T T T T LJ I T T L
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Changing the thickness distribution

re‘

— CAD
—— Variation

— CAD
—— Variation

1= | m
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Changing the camber distribution

A
ro

— CAD
— Variation

— CAD
—— Variation

mb
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Elliptical Leading Edge and Trailing Edge

ro ro
&
i/
£
— CAD - p
i . *
—— Variation
+ measured
>
m m
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ro

A

— CAD
—— Variation
+ measured

=
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Thank you for your Attention!
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