Publishable Summary (status after 36 months)

Objectives

FLOCON will demonstrate methods capable of reducing fan broadband noise from
aeroengines at source by 5dB at approach and takeoff conditions, contributing to the
European objective of reducing aircraft external noise per operation by 10dB by
2020. To achieve this, FLOCON will design noise reduction concepts and associated
devices able to reduce fan broadband noise from aero engines, assess the noise
reduction concepts by conducting lab-scale experiments (to TRL 4), complement the
experiments by numerical simulations that are assessing the capability of currently
available numerical tools to design low broadband noise treatments and
configurations, develop understanding of the mechanisms involved and extrapolate
the results to the aero engine environment using state-of-the-art numerical methods,
and select the best concepts by balancing noise benefit and integration impact. The
impact of scaling from lab- to engine-relevant operating conditions will be assessed,
as well as the side/complementary effect of broadband noise reduction features on
fan tone noise. Generally speaking, FLOCON will increase the understanding of the
flow physics and broadband noise generation and control mechanisms.

Achievements in the 2" reporting period

In Work package 1, the processing and analysis of hot wire measurements of a fan
rotor wake taken in a representative fan stage was performed. DLR has measured
the unsteady flow field downstream of the fan of an innovative high bypass ratio fan-
module using hot-wire anemometry. The initial measurements were performed inside
Europe’s largest acoustic chamber, at the fan test bed of the company ANECOM in
Wildau under the VITAL program. Additional hot-wire measurements were later
conducted together with the partner Rolls-Royce on the same fan test bed to cover a
wider range of fan speeds. The hot-wire probes were placed upstream and
downstream of the rotor.
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Figure 1. Typical turbulence intensity analysis result of UV-Probe at working line 3 at 50 %
design speed

One probe location upstream of the rotor, will provide data on the intake boundary
layer velocity and turbulence statistics, whereas two hot-wire X-probes downstream



of the rotor provided the 3D velocity vector at a point. The time series were
processed using phase locked averaging based on a rotor trigger signal to provide
the mean velocities and turbulence statistics of the rotor wake. The turbulence
intensity for a plane downstream of the rotor is depicted in fig. 1.

Figure 2. ONERA wing design with LE treatment: Design parameters A, A and CAD drawing
(left) and manufactured wing (right)

In Work package 2, the leading edge and trailing edge tests in the ISVR test facility
have been completed. The most effective leading edge (LE) treatment for reducing
interaction noise has been identified: the ONERA wing design with a wavy LE
structure (compare fig. 2). An example of the measurement results showing the
reduction potential of the most appropriate parameter set A, A is shown in fig. 3.
Respectively, the most effective trailing edge (TE) treatment, the ISVR serrated TE
configuration (see fig. 4), has been identified. Both concepts were chosen for further
investigations.
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Figure 3. Comparisons between baseline and ONERA wing spectra at 90° (left) and PWL
reductions (dB) using the best configuration (right)

Figure 4. ISVR serrated TE configuration 1 treatment — zoom in

Cascade tests with the ISVR TE design have been performed and completed at ECL.
Similar noise reductions have been obtained using trailing edge serrations as when
used on a single airfoil. The effect of the self noise radiation in a cascade has been



identified; additional brushes to mitigate this disturbing background noise source
have been installed. Their impact was proved. The experimental setup is depicted in
fig. 5a, reduction results of a cascade equipped with the ISVR TE design are shown
in fig. 5b. Low frequency noise reduction as well as slight high frequency noise
increase could be reproduced. The ONEAR LE design is currently installed on the
stator vanes in the EADS rotating laboratory scale test rig and will be tested in the
last project year.
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a) View of the rig with brushes b) Far field comparison: with long/with short/without
serrations

Figure 5. a) Validation of the ECL rig for TE-noise measurements and b) observed TE noise
reduction with serrations designed by ISVR

The tandem test using a combination of two single airfoils, i.e. the identified best TE
concept from ISVR with the best LE concept from ONEAR, has been completed. It is
shown that there is added benefit for noise reductions in combining trailing edge
serrations for reducing wake turbulence and leading edge serration for reducing the
leading edge response.

In Work package 3, the design of the EADS tuneable overtip acoustic treatment has
been completed and the adaptive spliceless fan casing liner was manufactured and
tested. In fig. 6a, a CAD picture of the final design is shown.

First test results of the adaptive liner show a reduction of the OASPL (overall sound
pressure Level) from 3 dB up to 8 dB in the far-field in front of the intake of the fan-
rig. Figure 6b depicts the measurement results. The liner works well without heating
(blue graph). Heating increases the noise reduction effect in the far-field up to 1dB.

In Work package 4 three concepts for fan broadband noise reduction are under
development: Blowing of pressurized air through the rotor blades to fill their wake,
wall boundary layer suction in front of the rotor plane and the installation of miniflaps
on the trailing edge of the stator vanes to increase the aerodynamic turning and in
turn decrease the stator angle of attack. The performance of these concepts is
assessed under the consideration of aerodynamics and acoustics and is supported
by numerical and experimental investigations. The experimental assessment is
performed on the DLR laboratory scale test facility in Berlin.

Several new rig parts had to be designed, their shape optimized and in turn
manufactured to be tested. A first test campaign has been conducted for the
boundary layer suction device. Reasonable broadband noise reductions up to 2 dB



were found. The new stator with adjustable stator vanes has been manufactured by
DLR; a photograph is depicted in fig.

Noise Reduction, OASPL [dB], (0 - 20 kHz)
0

=Treatment_no Heating
——Treatment + Heating

heating elemen ' T |
mounted cna i | L N = e | [

metal sheet

inner & outer 71X >
foam . ; 120
J T 1T\ b

a) CAD picture of the final design b) Experimental results in acoustic far-field

Figure 6: Impedance adaptive liner element as a tuneable overtip acoustic treatment.

Based on numerical results in project reporting period 1, the design of the in-rotor
flow channels were finalized and frozen by MTU and USI. Actually, the new rotor
blades are manufactured by USI and the tests at DLR are expected in 2012. Fig. 8
shows one of the new rotor blades with five independent internal flow channels. The
numerical work to assess and extend the experimental findings is under way.

Figure 7: Stator with adjustable stator vanes



Figure 8: Redesigned blade of FLOCON Rotor with internal channels

Expected final results

FLOCON will provide the European aero-engine industry with demonstrated methods
to reduce broadband noise at source. In doing so, it will contribute to achieve
European Aerospace industries’ objectives for lower-noise aircraft to meet society’s
needs for more environmentally friendly air transport, and to enhance European
aeronautics’ global competitiveness.

As a reason of several project delays, the projects duration was extended by pone
year.

The broadband noise reduction concepts developed in FLOCON will be broadly
applicable to the fan stage of all new aero-engine designs. A subset of the methods
(to be determined within the programme) will be applicable also to core compressor
designs. FLOCON itself will bring each concept up to Technology Readiness Level 4
(validation at laboratory scale) and recommend a subset for development to engine-
ready level.

Recommendations will be produced which contains all the necessary information for
further development and exploitation of the recommended noise reduction methods.
In particular, the experimentally determined efficacy of the method together with an
extrapolation to expected performance at full engine scale will be given, in addition to
an initial assessment of any penalties related to weight, aerodynamic performance,
stress or mechanical complexity.



