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Abstract. Slat noise is regarded as the major noise sodrstat of the art high lift systems and contrilsute the overall
aircraft noise signature in particular during tipp@ach phase [1]. Consequently any attempt to eedhigh lift system
generated noise should first of all target slaseoieduction. Having furthermore in mind that tta at the same time is a
very important means to achieve the necessary Iiftgherformance any approach to reduce slat nefszuld address the
conservation of the aerodynamic performance as well

In the course of this work two different adaptiystems to reduce slat noise will be presented, haame"adaptive slat” and
the “smart droop nose”. The concept of the adapdlae was investigated in a joint approach betwibenDLR internal
project SLED (Silent Leading Edge Devices) and Bue co-financed project OPENAIR. In the mainframettud EU co-
financed project SADE [2] and again within SLEDdias on the smart droop nose were driven. Both @gpes have in
common that the conventional slat is replaced byenated system. The basic difference is in faat the adaptive slat
addresses a slat gap variation in order to reduo®mtrol slat noise while on the other hand tharsrdroop nose concept
represents a 2-element high lift system without aiming at the reduction of the aerodynamic pentiat occurs due to
omitting the slat.

First studies on the effect of the slat setting mnglarticular the slat gap size on slat noise wereducted in the DLR project
LeiserFlugverkehr [3]. It was demonstrated thaiaa gap reduction leads to a local flow velocitdmse at the slat trailing
edge and thus resukts in a remarkable slat noisestien of up to 10 dB, the latter of course depegdain the magnitude of
slat gap reduction. Based on this first investigatishich was purely acoustically driven, a combiaedodynamic, acoustic
and structural mechanic approach was initiatedrdteroto design a slat with active gap size cor(frajure 1, left side) that
allows on the one hand to reduce slat noise duhieg@pproach phase by reducing the slat gap butwdan provide on the
other hand the full aerodynamic performance by omemhe gap to the reference position if needediristance in an
emergency case. The final structural mechanicggdesincept is based on rigid slat leading andinigaiédges which are
connected by a somehow flexible material on both ghat suction and pressure side. The movementviskéd by an
actuator which acts on the slat pressure side (Eiguright side). The feasibility of the desigmcept was assessed by
means of finite element computations which wereetiam realistic aerodynamic loads on the slat. ddmistic assessment
was performed experimentally during a wind tunmst in the Large Low Speed Facility DNW-LLF of t@erman-Dutch
Wind Tunnel foundation on a large scale high §&tem. A rigid and none actuated adaptive slatmasnted at the inboard
station of the high lift system in two setting gasis. The first one was an intermediate positimyvjaing a gap reduction of
about 45%. The second was the sealed slat posifibout any gap. The results of the acoustic assessare provided in
terms of noise source maps and 1/3-octave banddgm@ssure level spectra in Figure 2. On the laftchside of Figure 2
source noise maps of the reference system anditiitiee slat system are presented. As is visiblsensource levels with
the adaptive slat in the intermediated positionrateh lower as those acquired for the referencéiposThe same effect
can be seen by comparing the sound pressure Ipeetra on the right hand side of Figure 2 forréference system (red
line) and the adaptive slat at intermediate pasi{green line). Sealing the gap leads to a carioelaf slat noise which is
proven by comparing the sealed configuration rglite line) to the respective data for a 2-elentégih lift system without
slat.

The more radical approach to reduce slat noise @it the slat. In this case, of course, an aeramyc penalty occurs
which has to be recovered as much as possible wtithtroducing a new noise source. The selectedoagp was first to
optimize the flap setting for the 2-element higth $iystem and second to design a droop nose irr ¢odgain as much
aerodynamic as possible (Figure 3). The final droope design was investigated experimentally incdiyegenic wind
tunnel DNW-KKK in order to check on the aerodynampéformance and in the acoustic low speed windeaUBNW-NWB

to identify the achieved noise reduction. The atioussult is presented in Figure 4 in terms ofroarband sound pressure
level spectra. As can be seen the noise levelsngatdor the droop nose compare very well to thasguired for the 2-
element reference system and thus provide a broddbaise reduction of at least 5 dB with respecth® 3-element
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reference system. From the aerodynamic point ofv\iee smart droop nose was capable to recover ad@tt of the
inevitable aerodynamic loss.

The presented work demonstrated that adaptiveragstan be of beneficial use to reduce airframeenois

Active slat gap size control
by adaptive slat trailing edge

1: Principle of slat noise reduction by means of slat gap size control

Fig. 1. Principle of slat noise reduction by meafslat gap size control (left) and structural desi
and actuation concept (right)
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Fig. 2. Noise reduction as achieved with an adpatlat at sealed position and with intermediatesizp
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Fig. 3. Concept of a smart droop nose to redudaslae and to recover aerodynamic performance
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Fig. 4. Noise data as acquired for the smart draxse high lift system
in comparison to both the 3-element and the 2-etemeference systems
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