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BR715 high pressure turbine - 1.5 stage

stator rotor stator

—— Stationary Viscous No Slip Wall
— Inflow (- )/Outflow/Mixing/Sliding
—— Rotating Viscous No Slip Wall
—= Rows Of Filmcooling

* HYDRA — Rolls-Royce CFD-code

SRRV IV EVITTLT T

— validated CFD-mesh allready provided by Rolls-Royce

A parametric model for probabilistic analysis of 4
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BR715 high pressure turbine - 1.5 stage

stator rotor stator

node
: 1 021 840 2 482 900 1 315 266 / 4 820 006
quantity
fillet no no no
coolant yes yes - flexible yes
model stationary, real gas, Spalart-Allmaras
input nominal design nominal design & nominal design
scatter of used delta
parameters
: rebuilt aerofoil &
action
shroud
A parametric model for probabilistic analysis of 5
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/ GOM ATOS SO 4M

o Measurement accuracy of 0.005 mm according to VDI
2634 Part IlI

o Blade specific measurement accuracy of 0.008 mm at
planar faces and 0.027 mm at areas with high curvature
(e.g. cooling holes)

o Measurement area up to 300 mm x 300 mm

o automation unit with 6 degrees of freedom

o application of reference frame to combine the scanned

views
kadditional guality control algorithms integrated /

A parametric model for probabilistic analysis of 7
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o 61 profile slice extraction according to the streamlines

o 15 parameters to describe the profile slice geometry

A parametric model for probabilistic analysis
of turbine blades considering real geometric
effects
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= I:)nominal Design
7 maximum thickness 7 o
2 | | @ AI:)dlgltlsed blades
X X
2 ) T
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g 2 maximum thickness
—— 1 mean area
T T I ¥ 1 1 1 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
aerofoil height aerofoil height
Spearman %
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[Jo02..04 S
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—0.6 "‘:0‘4 —— 2 mean areas
. '0.8 ...’0.6 T T T T T 1
W-1.0..-08 0.0 0.2 04 0.6 0.8 1.0
aerofoil height

o high correlations between different

areas of parameter maximum thickness| |° delta model applied

A parametric model for probabilistic analysis 9
of turbine blades considering real geometric
effects
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maximum thickness
—— nominal design
. - — realisation

maximum thickness
thickness

5

Thickness distribution

—— Blade #1

0% Airfoil Height
Nominal Design

0.0 0.2 0.4 0.6 0.8 1.0
Aerofoil Height

6 I:)nominal Design + AI:)digitised blades ~ I:)realisation \

o figure on the top right shows nominal design
and realisation thickness distributions

o nominal design thickness distribution will be
morphed according to the geometric
K parameters at the anchor points /

A parametric model for probabilistic analysis
of turbine blades considering real geometric
effects

normalised chord

Blade #1 rebuild

— \[50% Airfoil Height

—— Skelettlinie
—— Circles Profil rebuild
—— Profile@SS
—— Profile@DS

10
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method original

parameters -

deviation plot max

profile setup

vs. digitised
aerofoll

min

G profile setup method shows small deviations to the digitised aerofoll

compared to the nominal design aerofoil

~

o more geometric effects can be considered with an increased number of
parameters Y,

A parametric model for probabilistic analysis 11
of turbine blades considering real geometric
effects
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Introduction of geometric variability to CFD-model

1 A f 61 sli
: @ slices
measurement vs. nominal : :
design delivers delta o 61flexible profiles
arameters o shroud adapt to aerofoil
\p D \o coolant follows aerofoll
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Look for correlations: N = 50
chord (1)
Section of the carrelation matrix
— — | LE tan Pos  (2)
inlet it Spearman
Inlet capaci
pacty Mos. 10 LEaxPos  (3)
Oos..08
dHtot (spec. work) O o4 .08 max chamber  (4)
Ooz._ 04
021 052 012 Ooo._ 02
power (spec. work) O-02 .00 Pos max chamber  (5)
O-04. -02
dHtot (efficiency) 0-06..-04 max thickness  (6)
W02 -0F
o W10 -08
power (efficiency) Pos max thickness (7)
del H stagger  (8)
reaction
axial velocity
@M@ 6@ 6 6 @O @6
A parametric model for probabilistic analysis of 14
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Look for correlations:
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Spurious correlations : iInput

1) chord

results vs. input |
2) LE tan Pos

Section ofthe correlation matrix :
— — — 3) LE ax Pos
inlet capacity 4) max chamber
dHtot (spec. work) 5) Pos max chamber

power (spec. work) 6) max thickness

dHtot (efficiency)

7) Pos max thickness

power (efficiency)

del H m @ 6 @ 6 6 O @O

reaction Hosg..1.0
Oos..08
axial velocity Oo4.08
Ooz._ .04
W@ ®|6B 60O @© Ooo..02

O-0z..00
O-04.-02
Ho6. -04
M08 .-06
W10 -08

(8) stagger

Spearman

A parametric model for probabilistic analysis of 16
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inlet capacity
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dHtot (efficiency)
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del H

reaction

axial velocity

Section of the Cal-matrix

~.0.00 \Q.DU ~0.00( ~.0.00 \g.DD ~,0.00
., ., ., ., Coefficient

0.oo - Jo00 - 000 000 - )0.00 ~]0.00 Hmoz 10

~.0.00 \IEI‘.EH ~0.00( ~.0.00 Q.DD ~.0.00 [ L
! i ! ! o4 0k

ooo - joo1 - Joo0 000 - )0.00 ~]0.00 Ooo 04
o.oo0f( 000 ~000] ~0.00| .000{ ~0.00 e

It B el Eul S O o00..02

0.oo - Jo.oo ~Joo0 <000 - )0.00 ~]0.00

\EI;\D'I \g.m \EI\.\EI'I \EI‘.\EIEI \gm \EI\.\EIEI

001 -j0.04 -~ 001 000 - )0.071 ~]0.00

\EI.\EIEI \g.DD \EI.\EH \EI.\EIEI Q.D1 \EI.\EIEI

oo - jooo )00t 000 . )0.01 ~]0.00

\EI.\EIEI \9.01 \EI\.\I:IEI \EIK.\EIEI \Q.DD \EI\.\EIEI

0oo -Joot ~Joon <000 - )0.00 ~)0.00

\D\.\EIEI \Q.DU \D\.\DEI \EI;\EIEI \Q.DD \EI.\EIEI

0.oo - jo.00 - )0.00 -|000 - )0.00 ~|0.00

\I:I;\I:IEI \g.l:llil \I:I;\DI:I \I:I.\I:I*I \g.l:llll \I:I\.\I:II:I

0.oo - jo00 000 001 - )0.00 ~|0.00

@ 3 @ 6 6 O

A parametric model for probabilistic analysis of
turbine blades considering real geometric effects

Professorship of Turbomachinery and Jet Propulsion

chord

LE tan Pos

LE ax Pos

max chamber

Pos max chamber

max thickness

Pos max thickness

stagger

17

(1)
()
®3)
(4)
()
(6)
(7)
(8)



TECHNISCHE . .
UNIVERSITAT Monte-Carlo-Simulation

DRESDEN
Faculty of Mechanical Engineering - __Institute of Fluid Mechanics - Professorship of Turbomachinery and Jet Propulsion
- == mee s =as 0
diverse plots N span 80%
0
(6]
— nominal design
— block_1
— block_2
—#— shot_7
—#— shot_37
- chord
8 span 80%
w
(=]
— niominal design 'gx
—— block_1 =
—— block_2 §
—#— shot7 =
—#- shot37 =
f p— nominal design
A — block_1
PRI S ettt edeneT —— block_2
—a#— shot7
—&— shot37
Mtoﬂabs
chord
A parametric model for probabilistic analysis of 18

turbine blades considering real geometric effects



TECHNISCHE . .
@ UNIVERSITAT Monte-Carlo-Simulation
DRESDEN

Faculty of Mechanical Engineering - __Institute of Fluid Mechanics - Professorship of Turbomachinery and Jet Propulsion

shot‘ shot.

span 80%

relative mach number
1

—20.75

0.5

0.25

span

A parametric model for probabilistic analysis of 19
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SoP — Statistics on Passage at 80% span

correlation between
relative mach number

standard deviation of
relative mach number

07 and stagger
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o 500 real manufactured turbine blades \ o Vvariable CFD model for HYDRA where
have been digitised o coolant position & shroud geometry
o probabilistic investigations are based on follows aerofoil shape
a geometric parameter set with o prepared to increase parameter
appropriated pdf's and correlations driven flexibility (coolant, hub, shroud,
o without input correlations there are no ...)
\ useful results reachable / o using Padram for meshing /

/ \ / Outlook \

o sensitivity analyses by spearman can . .
cause spurious correlations o currently ‘worst case scenario caused
o investigation of Col leads to meaningful by duplication of same blade (single
results passage CFD setup)
increases too realistic CFD model & multi-passage
\ / \ setup (increase computational effort!) /
A parametric model for probabilistic analysis of 22
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o results of the cooling hole smoothing algorithm based on a 3D-NURBS

o deviation plot on the right clarifies the local smoothing of the cooling holes

A parametric model for probabilistic analysis Slide 24
of turbine blades considering real geometric
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-

parameterisation method target:

o capture as much as possible geometric variability with as less as possible parameters
o use well known parameters that ease the interpretation of the probabilistic results
o enable automatic parameterisation and profile setup

method pros cons

aerofoil parameterisation < analytical model for 3D geometry + large parameter set

with free form curves * same model as for the design « control point based (NURBS); difficult
process to understand for non-involved
engineers
A parametric model for probabilistic analysis of 25

turbine blades considering real geometric effects
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Look for correlations:

Section of the caorrelation matrix chord 1)
. . -0.10 025 031 00 Spearman
inlet capacity LE tan Pos  (2)
Hos..10
0.0a 019 - -0.26 O o6..08
dHtot (spec. work) Oo4._.06 LE axPos  (3)
0.21 052 01z 021 -0.27 00204
power (spec. work) ' ' ' S_g”z gzu max chamber  (4)
O-04.-02
dHitot (efficiency) 021, 049| o002 016  -0.21 o0 04 Pos max chamber  (5)
=-n.3 .-0.8
022 0.51 014 0.21 -0.25 -1.0..-08 .
power (efficiency) max thickness  (6)
deln | 018 @83 o007 021 -0.26 Pos max thickness  (7)
021 0.55 0.09 025 029
reaction stagger  (8)
. . -0.23 -0.11 025 035 (.99
axial velocity ‘
@ a1 6@ |6 60O 6
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Look for correlations:
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detailed investigation of max c,

@
max c,
@
chord e X ®
. .-
LE tan Pos | 224 : w '¢~
shot 37 R s
chord '
LE ax Pos ‘ '1
0.10 + \
max chamber ‘l\.
Pos max chamber < t.
-
()
. -0.30 %
max thickness i %
Pos max thickness b
)
stagger
L L L "" -
stagger
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