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aircraft design

conceptual design of new low-noise aircraft

LOTHAR BERTSCH - Deutsches Zentrum fir Luft- und Raumfahrt e. V., Gottingen

» Noise levels generated by aircraft (and rotor-

craft) are among the loudest noise sources of our :
times. Sound pressure levels close to a jet aircraft :

engine under take-off conditions can reach the
human threshold of pain with respect to noise.

Aircraft ground noise levels comparable to a :

heavy truck passing by, i.e., maximum levels on
the order of 70 to 80dBA, can still be measured
at large distances up to 20 km away from the
actual airport premises. As a consequence, com-
munities far from the vicinity of an airport can
still be subject to significant aircraft noise percep-
tion and hence annoyance. Long-term exposure

to relevant noise levels can have a negative affect :

on people's health and also decrease property
and housing values.
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Aircraft noise is generated by a variety of sys-
tems and components on board, so-called noise
sources. The main focus of the presented activ-
ities lies on conventional turbofan transport air-

craft due to their significant market share at most
airports, meaning that they have a dominating :

influence on community noise annoyance. The

major noise sources can be attributed to either :

airframe or engine contributions (see Fig. 1). The

overall vehicle noise can be approximated by a :

summation of these major noise contributions
which is referred to as a noise component break-
down. Adequate representation and superpo-
sition of each of these major noise sources can
result in very good agreement with the overall
vehicle noise.

Noise reduction measures. In order to fight
aircraft noise, the International Civil Aviation
Organization (ICAO) has defined four measures:

* modification of the noise source

* noise abatement flight procedures

e land-use planning and traffic routing
 operational constraints

These measures actively reduce noise gen-
eration or noise impact at a certain location. To
maximize the overall noise-reducing effect, these
measures have to be applied and accounted for
simultaneously. Noise attenuation of ground-
based noise sources can be excessive and on
the order of tens of decibels. Therefore, these
ground-based noise sources can effectively be
reduced by passive protection measures. Instead
of directly addressing the noise generation and
propagation, these so-called passive measures
will reduce perceived noise levels through con-
structive measures, e.g., special walls, hedges,
or trees. But since maximum aircraft noise levels
are perceived directly from above, aircraft noise
is subject to only limited attenuation due to these
measures compared to their impact on ground-
based noise sources. Of course, certain passive
measures such as soundproof windows can be
applied and will have an effect.

In conclusion, the first two ICAO measures
are the most relevant and effective because they
directly affect noise generation at the source and
ground noise distribution along the flight path.
Therefore, the requirements for any low-noise
aircraft are minimum noise generation directly
at the source and a vehicle design tailored for
flight performance to enable low-noise flight
operation. In order to assess such new concepts
and future technology, advanced simulation
capabilities are essential. Based on these simu-
lations, an aircraft designer can then select the
most promising design trend or technology in
order to reduce the community noise annoyance
of the final vehicle. But significant changes to an
aircraft design can only be applied and directly
compared to other modifications early within the
design process.

Aircraft design. The overall vehicle design and,
consequently, the flight performance are defined
and fixed in the conceptual design phase. Major
design parameters and key settings are selected
during this design phase, and later modifications
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1 The major noise
sources on board
a conventional
turbofan trans-
port aircraft are
depicted. Major
noise sources
can be attribut-
ed to airframe
or engine noise
contributions.
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2 The simula-

tion process is
depicted as de-
veloped by DLR
and TU Braun-
schweig. Aircraft
design and
flight simulation
are carried out
with TU Braun-
schweig's
PrADO tool.
Aircraft system
noise is predict-
ed with DLR's
PANAM tool.
Interfaces to
external data
enable the
incorporation
of high-fidel-
ity simulation
results or exper-
imental results.

The effect of
engine noise
shielding due

to structural
elements is
depicted. On the
left side, noise
emission for a
conventional
vehicle layout is
simulated. The
picture on the
right shows the
noise emission
for a radical new
vehicle concept.
The engine loca-
tions are specif-
ically optimized
for maximum
noise shielding.
Both vehicles are
simulated under
similar operating
conditions, i.e.,
a flight speed

of 130m/s and
with clean con-
figuration (high-
lift system and
gear retracted).
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to this initial selection should be avoided. Any :
changes would require revisiting the conceptual :
design stage in order to identify and assess any :
possible implications for other components and :
the overall system, i.e., evaluation of the so-called :
snowball effects. The conceptual vehicle layout is :
fixed within subsequent design phases, and only :
. cess yields a feasible aircraft design. This aircraft
As a consequence, any larger low-noise measure :
. departure flight procedures in order to evaluate
and accounted for as early as possible within the :

small and detailed modifications are still feasible.
and design modification has to be incorporated
conceptual design phase.

Required simulation capabilities.

is required in order to assess the specific vehi-
mance, including detailed flight paths. In order to

noise prediction tool is essential. In this context,

approximation of the overall vehicle noise.

In a joint research activity, the German Aero- :
space Center (DLR) and the TU Braunschweig :
have developed the required simulation capabil- :
ities. A new conceptual aircraft design process :
with integrated noise prediction capabilities has :

been established [1].
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Simulation process. The new design process is :
depicted in Fig. 2. The process comprises the :
aircraft design synthesis code PrADO from the :
TU Braunschweig and the aircraft noise predic- :
tion tool PANAM from DLR. Furthermore, inter- :
faces to experimental data or other high-fidelity :
simulation tools are available, e.g., an interface :

to the DLR noise shielding tool SHADOW. Based
on a preselected basic layout and a design mis-
sion, all relevant disciplines and their interactions
can be evaluated. Certain design parameters can
be modified and adapted in the process until the
main design and mission constraints are met. At
this point, the multidisciplinary and iterative pro-

is then simulated along prescribed approach and

the precise flight path, including configuration

. changes such as deployment of the high-lift sys-

. tem. Finally, the aircraft ground noise impact
In order to :
evaluate the noise generation of new vehicles :
within the conceptual design phase, special simu- :
lation capabilities are required. The two required :
main simulation capabilities are an aircraft design :
synthesis process and a vehicle system noise :
prediction. An aircraft design synthesis process :
. applied to reduce the ground noise impact of
cle concept and its corresponding flight perfor- :
: Airbus A319. A very promising and effective
evaluate the ground noise impact, a parametric :
. noise through structural shielding. A recently
the noise simulation has to be parametric with :
respect to both the aircraft design and the cor- :
responding flight operation. Such a prediction :
tool can be realized based on the concept of :
the componential modeling of the main individ- :
ual noise sources as depicted in Fig. 1. Each of :
the depicted noise sources can then be modeled :
with a dedicated source model. Superposition of :
these individual contributions then yields a good :

can then be evaluated along these approach and
departure flight paths. With this new process, the
aircraft designer can directly evaluate and com-
pare the vehicle performance and the noise char-
acteristics of widely varying aircraft concepts [1].

Application example. The process has been
a conventional transport aircraft similar to an
approach to this goal is the reduction of engine
developed simulation tool from DLR known as
SHADOW enables the evaluation of engine noise
shielding. This tool is incorporated into the pro-

cess via dedicated interfaces [2] as depicted in
Fig. 2.
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Fig. 3 shows a comparison of two engine instal-
lation locations, i.e., conventional and above the
main wing/fuselage junction [2]. The different
noise emission due to the engine noise shielding
is depicted. As expected, the noise emission can
be significantly reduced for the advanced shield-
ing. At the same time, the resulting flight perfor-
mance along the design mission can be evaluated
for both vehicles with the overall process. At this
point, the aircraft designer has access to phys-
ics-based information with respect to the noise
and performance of both vehicles. Now envi-
ronmental and economic performance can be
evaluated and weighted, and the most promising
design can be chosen. Identification of the most
promising concept from a large solution space
ends the conceptual design phase. Subsequent
and more detailed design phases can be initiated
in order to get a detailed analysis of the selected
vehicle.

Various other application areas are feasible for
the new process. For example, the process can be
applied to prepare flyover noise measurements
of existing vehicles. Fig. 4 depicts a simulation of
two common approach procedures. The direct
comparison enables the selection of the most
promising observer locations in order to measure
the differences between the two procedures.

Furthermore, newly developed technologies
or components can be simulated on board a ref-
erence vehicle in order to evaluate the overall
impact on environmental and economic perfor-
mance; for example, the effects of a new high-lift
system have been studied in detail. Other appli-

Continuous descent approach
with late gear extension (LCDA)

Thrust = 1844.6 kN
Speed = 119.4m/s
Altitude = 1067.0 m
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cations that are not yet realized include real-time
noise analysis for ground-based flight simulators
or auralization purposes.

Future challenges. In order to fight aircraft noise,
both the aircraft itself and the way it is operated
have to be improved at the same time. So far,
the new simulation process has mainly focused
on the aircraft design [1, 2]. According to the
individual flight performance of the specific air-
craft design, a standard approach and depar-
ture have been analyzed. The next step would

be to develop aircraft designs that enable radical
low-noise flight procedures in order to maximize
the ground noise reduction. Exploitation of new
design ideas in combination with radical flight
operation promises significant community noise
reduction. Furthermore, the simulation process
will be updated with recent findings and new
noise source models to account for circulation
control high-lift systems, for example [3].

Currently, a promising new approach to low-
noise vehicle design is under investigation at DLR.
The basic idea is to derive design constraints and
tailored specifications for a certain noise source
depending on preselected noise constraints on
the ground. Up to now, a variety of parameters
have had to be evaluated for their noise impact
in order to identify the most promising design for
the noise source. The new approach could directly
provide the most promising source design based
on the preselected ground noise limitation, thus
enabling a “noise-to-design” process [4].

Within DLR, these activities are assigned to
the Institute of Aerodynamics and Flow Tech-
nology in Gottingen. The Aircraft Noise work-
ing group develops and applies aircraft noise
calculation models. The different tools currently
in use cover everything from best-practice mod-
els like the INM of the FAA or the German AzB,
to sophisticated parametrical models. Conse-
quently, the field of application is very large —
ranging from classical aircraft noise prediction
tasks for land-use planning, to low-noise concep-
tual aircraft design as described in the article. «

References

Segmented continuous
descent approach (SCDA)

[1] Bertsch, Eberhard-Lothar. Noise
Prediction within Conceptual
Aircraft Design. DLR Forschungs-
bericht 2013-20. Cologne:
Deutsches Zentrum fiir Luft- und
Raumfahrt e. V., 2013. http://elib.
dlr.de/84386/1/bertsch_noise_
prediction_aircraft_design_2013.
pdf.

Thrust = 4111.8kN
Speed = 101.8m/s
Altitude = 1178.0 m

Legend:
— -slat0°-18° [2
. 2°

—

Bertsch, Lothar, Wolfgang Heinze,
and Markus Lummer. Application
of an Aircraft Design-To-Noise
Simulation Process. 14th AIAA
Aviation Technology, Integration,
and Operations Conference,

June 16-20, 2014, Paper AIAA
2014-2169.

56 596265687174 7780

[3] Bertsch, Lothar, Wolfgang Heinze, and Markus Lummer.
“Towards the System Noise Assessment of SFB 880
Vehicle Concepts.” In Sonderforschungsbereich 880 —
Biennial Report 2075 [forthcoming].

[4] Blinstrub, Jason, and Lothar Bertsch. “Towards an
Immission-Based Noise Reduction Method for Concep-
tual Aircraft Design.” In 79. DGLR-Fachsymposium der
STAB, November 4-5, 2014, Munich, Germany

mobiles -

4 Real-time noise

footprints along
two different
approach pro-
cedures are
depicted. The
reference aircraft
is operated
along both flight
procedures in
order to directly
compare the
difference in
ground noise
impact. Both
procedures

can be directly
evaluated and
compared to
each other. If
both procedures
are selected for
a fly-over noise
measurement,
the most promis-
ing microphone
locations can be
selected in order
to measure the
differences
between both
procedures.
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