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. Y?roject Objectives

« To perform a literature review of the main issues affecting composite UHBR
engine fans;

« Todesign alow-transonic fan typical of a future large aircraft UHBR engine, in
terms of aerodynamic shaping as well as structural design and analysis to make
sure the test article can safely go close to aerodynamic and aeroelastic
instabilities in_ an expected way during WT operations;

« To design the test article(s);
« To manufacture the test article(s);
« Toinstrument test articles and rigs;

« To perform experimental tests including fan instabilities due to off-design
operation and inlet distortion;

« To perform a final experimental-numerical assessment for calibrating and
validating numerical models;

« To provide open access to all the produced models, data and documents for
other institutions for in-house developed methods validation, with the objective
to establish an “open test-case” for the whole European scientific community,
unique in the engine fans landscape.
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\ ' Project Partners

« IBK - Project Coordination, support to Low Transonic Fan (LTF) aeroelastic
design, test article design Leader and manufacture responsible

« TUBS - requirements management, LTF aerodynamic design and scaling
approach, rig modification and instrumentation, management of WT tests

« LUH - LTF aeroelastic and aeroacoustic design, support to WT test
measurements, pre/ post-test predictions

« DREAM - Support to LTF design and post-test predictions (CFD)
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Project Implementation — Work Package Breakdown

A\ AR
) 7 N v ~ N v p 4
WP2 (TUB WP3 (IBK) WP5 (LUH)
] WP1 (IBK) Design ms LTF :Nith Design and W?4 (TUB) — Pre- and Post-test
Management . . Rig Tests . .
expected instability Manufacture of test L Predictions
phenomenaand rig article )
" N instrumentation ‘ ) 4
Task 1.1 (IBK, TUB) / e ~ Task 4.1 (TUB) Task 5.1 (LUH, IBK, TUB,
—»  Management & Technical Task 3.1 (IBK) —> Definition c;f Test Matrix B DREAM)
Coordination ) > Design of LTF and Pre-Test Predictions
\ S ) Task 2.1 (T_UB) instrumentation setup AN S ~ ~
4 Task 1.2 (LUH, DREAM N th'e?tu:je e oo b ’ é h 6 )
as 0 ( . , ) existing driving cases - ~ AT Task 5.2 (TUB, DREAM)
) Sed . cce.ss / Task 3.2 (IBK, subco) —P Test execution P> Aerodynamic model
P c D|ssem|lna:!on,& - [ Manufacture of LTF and calibration/ validation
ommunication - -
o Task 2.2 (TUB, DREAM) instrumentation \ J AN J
Exploitation ; -
N J Aerodynamic Design/
scaling approach Task 4.3 (TUB, LUH) Task 5.3 (LUH, IBK)
J Aerodynamic, Aeroelastic > Aeroelastic model
~ > Task 3.3 (IBK, subco) and Aero-acoustic calibration/ validation
Vibration and static tests TEESTERES \_ J
Task 2.3 (LUH, TUB) _ J AN / P ~
Aero-acoustic Design p Task 5.4 (LUH, IBK)
= e (TUB’ swezl — Aero-acoustic model
L Spin Test calibration/ validation
A /
Task 2.4 (LUH, IBK) :
Aeroelastic Design [y A -It-)EIISIj:B-tSh(TtUBg —
y ssem XCCZ e test rig, IBK Lead
ptance
\ J LUH Lead
e ™ B |_
) Task 3.6 (TUB) :] TUB Lead
Existing Rig Modification
S
( Task 3.6 (TUB) )
—» Existing Rig
Instrumentation )
: ; : | f Innovation
CAB3VIAR project - EASN 2020 Virtual Conference 02/09/2020

www.ibk-innovation.de

Any reproduction is prohibited without permission from the rights holder. All rights reserved.

“ NIBK



Project Implementation — Work Package Breakdown

A\ AR
p v . v N N v P v
WP2 (TUB WP3 (IBK) WP5 (LUH)
— WP (1BK) Design mS LTF :Nith Design and ! | Pre-andPosttest
Management . . Rig Tests . .
expected instability Manufacture of test L Predictions
phenomenaand rig article )
/ A instrumentation ‘ N 4
Task 1.1 (IBK, TUB) G ~ Task 4.1 (TUB) Task 5.1 (LUH, IBK, TUB,
i ) DREAM
g Managemen_t &Technlcal e ™\ Ta.sk 2 (el B Definition of Test Matrix > ) 7
Coordination | > Design of LTF and Pre-Test Predictions
\ S ) Task 2.1 (T_UB) instrumentation setup ~ / ~ -
/ Task 1.2 (LUH, DREAM N |l th'e?tu::le 'R'ewew o I b ’ é h 6 h
as 0 ( . b ) existing driving cases - . AR Task 5.2 (TUB, DREAM)
pen Access N AN Task 3.2 (IBK, subco) b . > Aerodynamic model
P Dissemination, ! Manufact £ LTF and e calibration/ validation
Communication & ‘. h | ar.lu acture @ ; an A J/ . S/
Exploitation Task 2.2 (TUB, DREAM) instrumentation
N A N Aerodynamic Design/ |
scaling approach Task 4.3 (TUB, LUH) Task 5.3 (LUH, IBK)
\_ / | > Aerodynamic, Aeroelastic . Aeroelastic model
e ~ | ™ _Task_ 33 (IBK,su_bco) and Aero-acoustic calibration/ validation
| Vibration and static tests L measurements \_ J
. /
B ;ask 2.3 (LUH, TU_B) _ J P ~
ero-acoustic Design P Task 5.4 (LUH, IBK)
\ < 1 Task 3.4 (TUB’ subco) —P Aero-acoustic model
Lo Spin Test calibration/ validation
AN /
BN Task 2.4 (LUH, IBK) b
Aeroelastic Design Byl A -It-)EIISIj:B-tSh(TtUBg -
y ssem :CCZ e test rig, IBK Lead
ptance
AN / LUH Lead
v \ [ ) TUBLead
] > Task 3.6 (TUB)
Existing Rig Modification
Currently active WP , g Rig ]
L Task 3.6 (TUB) h
» Existing Rig
Instrumentation )
. : : | f Innovation
CAB3VIAR project - EASN 2020 Virtual Conference 02/09/2020

www.ibk-innovation.de

Any reproduction is prohibited without permission from the rights holder. All rights reserved.

- IBK



roject Implementation — Time schedule
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\ ' Project Results — Aerodynamic Design

Engine cycle : Meridional . : .

. lin . Bl ign D simulation P r
design —> Scaling —> design —>»| Blade design =»| 3D simulation —»| Post process
= ambient conditions = scaled engine = annulus = preliminary 3D fan = mesh generated = aerodynamic
= thrust design dimensions stage automatically results
= mass flow = prel_iminary2D = setup for
= pressure ratio design CFX/TRACE

created

Iteration process

« The choice of parameters is based on orders of magnitude of current engine
designs.

« Following the design process, the resulting thermodynamically based
dimensions are scaled to the final INFRa rig dimensions.

« Geometrical and Mach similarities are ensured.
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Project Results — Aerodynamic Design
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Engine cycle : Meridional . . :
. Scalin - . —>| Blade design 3D simulation —>»| Post process

design 9 > design 9 P

= ambient conditions = scaled engine = annulus = preliminary 3D fan = mesh generated = aerodynamic

= thrust design dimensions stage automatically results

= mass flow = preliminary 2D = setup for

= pressure ratio design CFX/TRACE

created
Iteration process
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\ ' Project Results — Aerodynamic Design

Engine cycle ; Meridional ; ; .
. — Scalin — . Blade design [=»| 3D simulation =>»| Post process
design g design 9 P P

= ambient conditions = scaled engine = annulus = preliminary 3D fan = mesh generated = aerodynamic

= thrust design dimensions stage automatically results

» mass flow = preliminary 2D = setup for

= pressure ratio design CFX/TRACE

created
Shroud Iteration process
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« The hub and shroud contour are defined by the geometrical constraints imposed by the

existing INFRa rig.

« For the radial load distribution, the vortex theory, published in NASA-SP-36 is used.

» Intotal, the fan stage consists of 18 rotor blades and 40 stator vanes
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Project Results — Aerodynamic Design
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\ ' Project Results — Aeroelastic Design and analysis

« Based on first analytic flutter pre-predictions, a set of different blade layups with different
materials is designed.

« The eigenfrequencies and mode shapes of the different layups are computed.

« The resulting eigenfrequencies are plotted in a Campbell diagram, which allows the
estimation of operating points prone to forced response.

« The resulting mode shapes and eigenfrequencies are used for the 3D-Flutter simulations. A
dependency of different structural-dynamic parameters on the aerodynamic damping at
different operating points is derived and considered for the next iteration process.

« The final objective is to design the flutter stability map for aeroelastic characterization and
to execute the experiments

— stability line
Flutter — expected
simulation of flutter boundary
preliminary — work!ng line
design g — rotation speed
O -
Y o
; Campbell : . 2
. Design of . . Simulation of | & feemoooiii A
Analytic flutter : ; diagram with : g :
pre-prediction —»| composite |ay- - FEM-modal aerodynamic | & :
up analysis damping | | :
E T —
T Iteration process ;
mass flow
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Project Results — Aeroelastic Design and analysis

Depending on level “0” analysis (analysis of reduced frequency, twist-to-plunge ratio,
aeroacoustic waves), a set of different layups are designed.

The CFRP blades currently result in very high frequencies, different solutions to lower the

frequencies are under investigation (hybrid composites, added masses, low modulus fabrics)
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\ ' Project Results — Aeroelastic Design and analysis

« First high-fidelity analysis using the modal
shape calculated with an isotropic material

(steel) by varying the frequencies
confirm the expected trends.

« Aerodynamic damping has been

calculated depending on IBPA for different
natural frequencies, rotational speed

and twist-to-plunge ratios
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. ' Project Results — Aeroacoustics

circumferential mode order

The aeroacoustics of the fan is analysed by computational aeroacoustic (CAA) simulation
The simulation is performed with TRACE Harmonic Balance in the frequency domain

The mesh needs to be refined compared to the one for aerodynamic simulations (25-40
nodes per wavelength of the acoustic modes investigated)

Based on the simulation results, the acoustic field induced by the rotor and rotor + outlet
guide vane (OGV) interaction is analysed and compared to the analytical solution

The first step for the aeroacoustic analysis is done by analytical investigation of the acoustic
modes propagating inside the intake and behind the rotor. This is done by calculating the
cut-on frequency of each mode.

Aerodynamic investigations for CAA simulations are still ongoing

Ma_ =0.62,Ma_ =0,T=300K,R_, =0.325m,c=0 Ma_ =0.5895, Ma_ =0.3069, T = 300K, R_, =0.325m, o = 0.461
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circumferential mode order
. .
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. ' Conceptual design of test article and rig modification

« Concept studies of test article already started

The test article aeroshape has been
printed with a rapid prototype ALM
machine
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. ' Conceptual design of test article and rig modification

* 0.8 m of inlet axial length must be painted with PSP to extract acoustic modes up to 3 kHz
with an acceptable error

 As aconsequence, a special intake for the Acoustic PSP measurements is required
« The design of the extended intake is going to be completed

« For acoustic measurements behind the stator, only one rake can be placed in axial direction.
A setup using one rake has been conceived, with similar expected errors as a conventional
two-rake design

Classical setup with 2 Possible setup with only
rakes 1 rake
. ‘ opt. Ax
extended intake duct PSP painted on 0.4m x 90°
/ Ar

il

axal length in m
3

5

HS-Camera and U(/—LEDs L
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Engoing activities and way forward

- Completion of dynamic design and aeroelastic analysis

- Agreement on High-level requirements inside the Consortium,
finalization of LTF design deliverable

- System Requirement Review with External Experts Advisory Board
- PDR and final selection of subco for blade manufacturing

- CDR and start of manufacture

- Test article Manufacture and rig modification

- Test Campaign execution (PTF)

- Post-test analysis and calibration of numerical methods
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Q&A
https://www.ca3viar-project.eu/

This project has received funding from the Clean Sky 2 Joint Undertaking (JU) under
grant agreement No 864256.
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