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AEROTEST

v AneCom AeroTest GmbH

was founded in 2002

provides engineering and test
services as a one stop shop supplier ;™
to the gas turbine and aero engine >
industry

operates the “Compressor Test Centre Wildau” with 3 test facilities:
HP-, IP-compressor
LP-compressor/anechoic chamber

can provide full engineering service packages:
design, analysis, instrumentation design & application, build, test,

strip and inspection

Cost effective testing reduction of development costs
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Basic Chamber Layout
Requirements |

The AneCom AeroTest anechoic chamber is based on experience
gained in the operation of Rolls-Royce ANCTF test facility.
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Basic Chamber Design Requirements |l

Noise source up to £1.1 m (A£45-inch)

Far field noise measurement: app. 15-20 diameters
Minimum distance to next wall: app. 5 m

Minimum distance microphone — wall: app. 5 m

Symmetric air inlet system, low recirculation within chamber
Suitable for rig aerodynamic

performance testing

30m

35 m
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Chamber Design |

Height: 10m
Insulated roof and ventilated void
Monorail crane system

with two trolleys :
Monorail Crane with two Trolle
(7 tons and 1 tons)

Movable cover for crane

Lifting platform 5 m x 7 m
2.5 tons capacity
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Chamber Design |l
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Chamber Design Il
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Acoustic Absorbers

Requirements:
Performance 500Hz — 40kHz
Durable

Fire Resistance
(non combustible A2 acc. DIN 4102 )

Easily removable around Rig

Choice:
Mineral wool wedges, 350mm
Performance 200Hz — 40kHz

Panels 0.4 m x 0.4 m,
2 Wedges per panel

Woven glass fibre cloth
Flat panels (100mm thick) around Rig
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Inlet System

Requirements:
230 kg/s
Low inlet velocity: < 2.5 m/s
Low pressure loss
Low turbulence grade

Silencers to damp inside and
outside noise

Acoustic insulation

Design:
Intake stack 45 m2
Inlet opening 8 x 10 m

Turning vanes covered with
acoustic absorbing foam

Silencers within intake stack
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Exhaust System |

Typically Split Flow Fan Rig 34-inch:

Core flow: 15 kg/s

Bypass flow: 85 kg/s
Pressure ratio up to 2
Temperature-rise app 80T
Electrical power 7 MW

Limits of Exhaust System
Core flow: max 50 kg/s
Bypass flow: max 200 kg/s
Exhaust temp: max 130C

Separate Control Valves

Acoustically insulated by a 400mm
concrete walls
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Exhaust System and Drive Line

Vented Void Monorail Crane with two Trolleys

Exhaust Stack
6.4 mx 2.5 m, 24 m high
Core exhaust pipe work

Leads to venturi and core exhaust
stack

Drive Line

18 MW synchronous motor
Gearbox with variable gearset

Torquemeter with thrust
compensation
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Aerial View of CTC Wildau

Railway Line
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Railway Line

A railway line is passing in about 30m distance
A ground vibration investigation was carried out

Acoustic survey within the chamber proved the good acoustic insulation
of the walls
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Measurement and
Control,Systems
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Acoustic Measurement System |

Part of the dynamic data acquisition system

25 Far-field microphones (40Hz — 40kHz)

Charge insert calibration technique
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Acoustic Measurement System ||

Typical Noise Floors:

Facility/Rig Subsystems (Sealing Air of Bearing Chamber) generate
high frequency noise

Noise Floor is measured before and after daily test. Test data is
corrected
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Acoustic Measurement System |l|

The microphone measurement chain is validated daily using the
B&K charge insertion technology.

A signal is inserted directly at the microphone
Criteria: - DAILY-REFERENCE < 0.1dB
- DAILY must have same characteristic as MASTER

—— DAILY Charge Inser Calibration 05.04.2005 | - — : —— DAILY Charge Inser Calibration 05.04.2005 |_ _ _
|

—#- REFERENCE Charge Inser Calibration 01.04.2005 -~ : -8 REFERENCE Charge Inser Calibration 01.04.2005 |- - -

——MASTER Charge Inser Calibration 03.05.2004 [ — — : —— MASTER Charge Inser Calibration 03.05.2004 |- — —
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Special Measurement Equipment

... like modal ring equipment, sophisticated data analysis
equipment, active noise control equipment, ...

... Is typically provided customer / subcontractor / research
Institutes

ACAT provides
2 ,customer measurement rooms*
3 “customer offices”
Dedicated cable trays
Dedicated DDS signal outputs
Direct network access to read DDS data files
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Aerodynamic Validation

Comparison against reference performance test bed

AneCom data ('~ ') shows a good correlation with the reference data
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~| —a—Reference Testbed: Pressure Ratio @ 95.0% Non-Dimensional Speed NRT
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—a— AneCom AeroTest: Pressure Ratio @ 95.2% Non-Dimensional Speed NRT
—x— Reference Testbed: Efficiency @ 95.0% Non-Dimensional Speed NRT
_| —«—AneCom AeroTest: Efficiency @ 95.2% Non-Dimensional Speed NRT

Total Inlet Mass Flow Function WRTP
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Laboratory Tests of Absorbers |

Low frequency characteristic 50 Hz to 400 Hz was evaluated within an
impedance tube 0.4 m x 0.4 m, 9m length

Different materials (densities) were tested

Material of wedge Ill was chosen ®
density 35 kg/m3
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Laboratory Tests of Absorbers Il

High frequency characteristic was evaluated within a dedicated
100 Hz anechoic chamber.

A 1l.2mx 1.2 marea was illuminated by a sound source having
3 m distance

The sound field was measured moving a microphone from the
sound source towards the target area
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ISO 3745 Qualification |
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ISO 3745 Qualification Il
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ISO 3745 Qualification Il

The basic tests were carried out with tones.

At low frequencies reflections at the end of the path are visible

These influence of these reflections are much lower using 1/3 octave
broadband noise
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ISO 3745 Qualification IV

For the high Frequency
Investigation the treble
loudspreaker was used

Results of path 7 show
the expected results

The curve show the
atmospheric attenuation
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ISO 3745 Qualification V

Phenomena: Reflections at High Frequencies

High Standing Wave Ratio

Ratio of Amplitudes: app. 0.7

Reflected wave cannot be reflected

by acoustic absorbers

During actual test: airflow, recirculation ® temperature gradient 1-2<T
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Commissioning Test |

Comparison against former Rolls-Royce Anechoic Noise Compressor
Test Facility (ANSTF, now closed down)
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Commissioning Test |l

Data taken during deceleration from 95%N1 to 40%N1 Speed
Sound power level is shown

Delta dB = AneCom — ANCTF -> Lower PWL at AneCom

60 70 80 90 40 50 60 70 80 90
speed %NI speed %NI
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Commissioning Test Il

Repeatability from two repeat measurements during a fan decel
from 95%N1 to 409%N1

Very good correlation in repeatability between Anecom and
ANSTF

80 90
speed %NI

speed %oNI
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Test Operation

All test processes are optimised to reduce test bed occupation
time and hence test costs

All rig interfaces are ,plug-and-play” to minimise activities within
the test cell

As many activities as possible are carried out within the build
area

E.g. noise Kulites are pistonphone-calibrated within build area
and a “Kulite Simulator” is used to check the measurement
chain without rig installed

AneCom AeroTest — Europe’s largest aero acoustic test facility Slide 33




AneCom AeroTest GmbH

AneCom AeroTest is located
30 km southeast of the city
centre of Berlin/ Germany.

Your contact in Europe:

Marc Becker
Vice President Business Development

Tel: 0049 3375 9226 42

Fax: 0049 3375 9226 66
Mobile: 0049 173 603 46 12
Email: marc.becker@anecom.de
Web: www.anecom.de
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Thank you for your attention !
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