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CENTRALELYON

[ MA{A Turbomachinery Platform at ECL
High Speed Test rigs

o Silvercrest
ECL-B3 (3MW) ECL-B2 (2MW) ECL-B1 (1MW)
Project PHARE-2 Project CREATE Project TURBOCEL
UHBR Fans Multistage Axial Compressor Centrifugal Compressor
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CENTRALELYON Equipe Turbomachines

L A ECL-B3 test rig h
Scalel/3 for UHBR composite fan
multi-physical approach,

q

Véhicule Volute

d’essais

Multiplicateur Moteur Variateur

Characteristics

Max mass flow: 45 kg/s )
Max pressure ratio Nn: 1.8 ~dair
Min pressure ratio: 0.5Nn low -
Max rotation speed: 16200 rpm
Max Power: 3.0 Mwatt

Bati support

Designed for RS and surge
studies
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L A ECL-B3 test rig o
Scalel/3 for UHBR composite fan
multi-physical approach

Silencer

Anechoic
Test room

Air intake Machinery room

Absorbent dihedral
(stone wool)

Electrical engine

Mobile footbridge

TCS

Test vehicule
Lubrication Volute

AN Exhaust pipe
Ventilation PP

Venturi nozzle

Exhaust building
With silencers
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@_ch ECL-B3 test rig

Scalel/3 for UHBR composite fan
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L/v\-j:/—\ ECLB-3: A test rig dedicated to fans
“ The test vehicle % The volute (collector)
* Manufactured by Safran » very few loss: necessity for the OP with very low
* Only one flow path (no bypass ratio) pressure ratio
« Highly parametric capability (fan, OGV, casing, * Control of the OP : Specific study for the
hub, air intake...) downstream throttle
« Full 360 measurements (3 rotating rings) * Avoid any non-axisymmetric effects
« Can integrate pylon and non-axisym conf. * Acoustic behaviour !
* Hub cantilivered: make the changes easier * Mechanical behaviour of the shaft line !
Test vehicle Volute
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@4 ECLB-3: volute and throttle valve

Aerodynamic design optimization

PEEEEEN

Outlet

Throttle
Axisymmetric
Moving hub

Emergency bleed valves (6 valves)
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L/V\UC/—\ ECLB-3: volute and throttle valve

“ Aerodynamic and acoustic measurements
using a model (scale 1/3)

s
==

CP Carter PSDIFFOOYEA180 CP Moyeu PSDIFFO0YIA180
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Position axiale Position axiale

Presence of a non-uniformity at the volute outlet,
that is dumped towards the inlet. Only 1.2% of
change is measured in the circumferential
distribution of the Cp coefficients.
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© Dynamic acquisition system: National Instrument

Acquisition system
Total today : 809 channels

© Acquisition system (low frequency)

33 gauges (OGV and rakes in 110/150)
44 high frequency response sensor p(t)
47 vibration sensors

3 sensors for the rotation speed

4 sensors for the axial force

11 torque meter

17 Tip timing + 9 tip gap meas.

“ 186 microphones acquisition system: National Instrument

305 pressure measurements

114 temperatures measurements

32 temperatures (cold point compensation)
3 P+ 1T Venturi nozzle

© Telemetric system

153 machine
23 antenna + 6 volutes + 4 test-room

16 gauges for the configuration at the moment (22 possibilities)
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[ MA{A Acquisition network

Acoustics Telemetry Test rig control
storage > Telemetry Inlet conditions
DatX or TDMS configuration Rotation speed
Chassis Throttle valve
Test rig measurements: PXI-128
channels
Temperature ¢,
Strain gauge
Vibration Chassis PC ) Storage PC PC
. - PCA i . —
Mlcrophoﬁe Byl — P C Acoustic - Telemetry Test rig control
Telemetry S
erver
T Configuration
files
Private Ethernet network
MA A test rig N
Pressure ECL networl
Scanner j
’:?- AT | i sy
v ’llq-\f_ - ! Switch
 mmm | i
1 " private
Wea?her Ethernet
station network
Gateway
Sonometre (x1)
PC
Camera (x5) Comt?;inica A 4
. . PC Visu PC Visu PC Visu PC SBProcess
B SBProcess + GO ?C V|§u gauges gauges gauges Ring control, MySql data base
PC Surveillance ecriture PI Vibration les oGV FAN antenna, throttle
vidéo base
Test rig monitoring Specific Visualisation Axes control Data bases
measurements
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Equipe Turbomachines = «
% 41 o i

A fantastic trumpet
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Machine Venturi Setup
Throttle
: Ma
Venturi —/ ‘
- 304
Sensor Position —
=
< Sh4
B i_
=
g 2} (Throttle-Venturi)

x-

|

e

1.00 ~

PalPa, std

0.75 A

0.50 +

0.25 4

0.00

Calculations of the
acoustic modes on
both for the test rig and
the model.

Definition of Helmholtz
resonators (one per
frequency to dump).
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[ MA{A Instabilities onset
2 envelope Rotating Stall
0
2. N100 lowpass 10% bpf Surge
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© Measurements with a fan derived from the

0.10

LEAP-X —— pcasing inlet
. . . R
% Evidence on acoustic modes in the exhaust i B e ik s
pipe but also : —-— torque
0061 —— axial force

* In the vicinity of the fan
* In the torque signal
* In the axial force signal

14Hz Fourier Amplitude /
Average Value Near Stall

. 0.02 1
* In the gauges signals
% The mode 14 Hz is finally the stronger o R s e D

precursors found before the onset of stall. ' T tisl
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L/V\:,CA Examples of measurements
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Sound Directivity
Highlight of frequency-chosen acoustic mode that propagates
upstream of the fan

Revolution -1500 -1000 -500 0 -500

Fluids / Structure interactions measurements
Comparison of structural and aerodynamic disturbances for

105% speedline; steady frame of reference.
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Project PHARE-2 based on the fan studies, associated with the test rig ECL-B3
First measurement campaign achieved with the version 0 derived from the LEAP

Summary

Importance of the characterisation of the acoustic modes

European Project ENOVAL — second campaign with a UHBR fan designed by SAE.

Open test case ECL5 (to be presented next September: ISUAAAT15-071)

European Thematic project

Test rig for new/advanced acquisition methodologies (collaborations with VKI, Limmat

Sci,...)

Thanks the sponsors !
« Safran Aircraft Engines
« ANR
- ECL
* Institue Carnot Ingénieurie @Lyon
» European Project ENOVAL

Capacitive Tip Timing / Tip Clearance

|

® Unsteady

Wa"V

Rotor Straln
Gauge

Rotatable
Microphone Antenna

N

Unsteady Pressure Probe and
Performance Instrumentation

Rotor

Stator

Traversable Microphone
Arrays
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[ fA Back up
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CENTRALELYON | Sl Ul Jomachinsst =
ECL-B1/ Centrifugal compressor

Vannage amont

+ mesure du debit Conduite d'aspiration

Moteur electrique 1MW

cuve de tranquilisation amont Vue tridimensionnelle du banc d'essai
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& SAFRAN
Throttle
valve Electric engine

‘ / 2MW

Anti-surge discharge

Towards
Venturi nozzle

Gear box

Settling
chamber 7
Flow direction
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—
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Longeur Accordable 8m x D30cm

% Volume B (9.5 Hz) 3 m3
i

A1/4 + A3/4 Resonator 2

Volume A (3 Hz) 4m3
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