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Executive summary

Reduction of Landing Gear Noise using Meshes

Problem area

For modern aircraft, landing gears
are the dominant noise source
during approach and landing. In
order to reduce noise hindrance and
enable further growth of air traffic,
noise reduction means are desired.

Description of work

Acoustic and resistance
measurements were performed in
NLR's Small Anechoic Wind
Tunnel on a large number of
meshes intended for landing gear
noise reduction. The meshes were
tested on generic bluff bodies which
simulated single and combined
landing gear struts. An out-of-flow
microphone array was used to
localize and quantify the noise
sources on the model.
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Results and conclusions

It is found that the meshes yield a
drastic broadband noise reduction
for a wide range of mesh materials
and mesh shapes. The noise
reduction occurs for all tested
angles of attack and for all tested
models. For the combined bodies it
is found to be sufficient to treat only
the upstream component with a
mesh.

Applicability

The present proof-of-concept tests
have led to an Airbus patent on the
mesh concept, and the results will
be used for the design of meshes for
realistic landing gears.
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Reduction of Landing Gear Noise using Meshes

Stefan Oerlemans
National Aerospace Laboratory NLR, Emmeloord, TkéhNrlands

Constantin Sandu
SMCPFA-Turbomecanica SA, Bucharest, Romania

and

Nicolas Molirf and Jean-Francois Plet
Airbus Operations SAS, Toulouse, France

Acoustic and resistance measurements were performéd NLR's Small Anechoic Wind
Tunnel on a large number of meshes intended for lating gear noise reduction. The meshes
were tested on generic bluff bodies which simulatesingle and combined landing gear struts.
An out-of-flow microphone array was used to localie and quantify the noise sources on the
model. It is found that the meshes yield a drastibroadband noise reduction for a wide range
of mesh materials and mesh shapes. The noise redoct occurs for all tested angles of attack
and for all tested models. For the combined bodidsis found to be sufficient to treat only the
upstream component with a mesh.

[. Introduction

OR modern aircraft, landing gears are importans@@iources during approach and landing. In ordezdoce

noise hindrance and enable further growth of aiffitr, noise reduction means are desired. In tamé&work of
the European project TIMPAN (Technologies to IMRroAirframe Noise), acoustic and resistance measemesm
were performed in NLR's Small Anechoic Wind Tun(i€AT) on several meshes which are intended for ilagnd
gear noise reduction. The meshes are similar ttogaed fairings”, which aim to reduce the speed of the flow
impinging on a strut, while avoiding the flow diapement of a closed fairing, since this may indaicgn flow
speeds on downstream components, leading to iredeasise. In addition to the noise reduction dueettuced
flow speed, meshes may also reduce the noise byrémion of small-scale vortices, which affect thaise
generation mechanisms. The goal of the presenta@aspaign was to find the optimum mesh material gag@metry
(in terms of noise reduction), and to determineftbe resistance of the different (installed andléded) meshes.
The meshes were tested on generic bluff bodieshwdifoulated single and combined landing gear stiithts paper
describes the experimental method and discussesthestic and aerodynamic test resulis.

II. Test Set-up

A. Wind tunnel

The measurements were performed in NLR's Small AoiecWind Tunnel KAT (Figure 1). The KAT is an
open circuit, open jet wind tunnel. The test seci®surrounded by a 5 m x 5 m x 3 m room whicbhampletely
covered with 0.5-m foam wedges, yielding more tB&8&6 absorption above 500 Hz. Two horizontal engglat
(0.90 m x 0.70 m) were mounted to the upper aneiamides of the rectangular 0.38 m x 0.51 m nozxleyiding a
semi-open test section for airfoil self-noise meaments. To suppress reflections, the endplates asvustically
lined with a 5.5-cm layer of sound absorbing foamered by a 5% open perforated plate.

! Research engineer, Aeroacoustics Group, P.O. B8x&800 AD Emmeloord, The Netherlands.

2 Senior Aerospace Engineer, SMCPFA-TurbomecanicaBssharest, Romania - www.SMCPFA.com.

% Research Engineer, Acoustics and Environment Deyeat, 316 route de Bayonne, 31060 Toulouse, France
* Research Engineer, Acoustics and Environment Deyeat, 316 route de Bayonne, 31060 Toulouse, France
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Figure 1. KAT test section with microphone array ard bluff body (picture and top view, dimensions in nj.

B. Bluff body and meshes

The meshes were tested on a bluff body which sitedlgeneric landing gear components. Rather thanlar
cylinders, which mainly produce tonal noise, strwith an H-shaped cross-section were used, in dalproduce
broadband noise which is representative for réalisinding gear noise. The bluff body consistedao¥ertical
H-strut which could be extended with a second,ifed H-strut to simulate wake-body interaction (Fiy2). The
corners of the struts were sharp. The models werented on a rotatable disk in the lower endplatethat they
could be tested at various angles of attack. Thebawed body was also tested in an inverted conditiom, i.e.,
with the inclined strut pointing upstream.
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Figure 2: Lay-out of bluff bodies (dimensions in mn.

A large variety of mesh fairings was tested (Fig@)e The tested materials were aluminum, steel, and
nonmetallic (flexible), with mesh widthsbetween 0.21 mm and 6.35 mm, and wire diametdrstween 0.10 mm
and 1.19 mm. The porosifi=(s-df/s’ of the materials varied between 27% and 84%. Sévairing shapeswvere
investigated as well. In addition to the round wgér shown in Figure 3, square, flat, and elligtiveshes were
tested. All mesh fairings fitted tightly around thteuts. Rotation of the mesh cylinders was preag iy fixing the
mesh with a small wire to the lower endplate (o0& downstream side). This paper will focus on theilte for the
aluminum and steel meshes, which appear to be sndable for practical applications.
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Figure 3: Definition of mesh dimensions, example pfures of materials, and installation on the H-str.

C. Acoustic measurements

The acoustic measurements were carried out usirggrag of 48 %2-inch microphones (LinearX M51) maght
in an open grid (Figure 1). These microphones vegnpgipped with wind screens and were used bothdarce
localization and for measuring absolute farfieldsedevels. The array dimensions were chosen tmather large
(0.8 m x 0.6 m), in order to obtain high resolutetriow frequencies. The array was placed outdidaunnel flow
at a lateral distance of about 0.7 m from the tummés. This relatively short distance between @neay and the
model was chosen to obtain maximum signal-to-n@sie. The center of the array was placed at theedaeight as
the tunnel axis.

Landing gear struts typically have a width randiegween several centimetres and several decim@tnes, the
model scale can be considered to be in the raniyeeba 25% and 100%. At full scale, acoustic fregigsup to
about 10 kHz are relevant. Assuming that the fraqueof the flow-induced sound is inversely propamtl to the
model scale, this means that at model scale fraige®mp to several tens of kHz are relevant. Toeeeh sample
frequency of 102.4 kHz was chosen. The measuretimatwas 20 s. Using a block size of 4096 and anitan
window with 50% overlap this resulted in 1000 agemand a bandwidth of 25 Hz. A high-pass filtetueed the
sound levels below 500 Hz in order to enhance {mahic range of the measurement system. The maehkwels
(down to below 100 Hz) were corrected for the filtesponse afterwards. Before and after the meamsunts, the
sensitivity at 1 kHz was checked for all array rojmnones using a calibrated pistonphone. Frequeepgsitlent
sensitivities of individual micro-phones were takfpm calibration sheets. No corrections were aguplfor
microphone directivity. Phase matching of the mptrones was checked prior to the measurements wsing
calibration source at known positions.

Conventional beamforming with diagonal removal wasd to obtain acoustic source maps in 1/3-octand$
The effect of sound refraction by the tunnel sHager was corrected using an Amiet-like method. @hay scan
plane was placed in the centre of the model aratadtin accordance with the angle of attack (fer cbmbined
model). The directivity of the radiated noise cobhdassessed from the variation of the sound texesl the surface
of the array. Since in general no clear directipéfterns were present, these array “footprintd’mait be discussed
in the remainder of this paper.

The noise from the model was quantified by caléug¢athe average level on the array microphoneseSin a
number of cases flow noise was present on the dosam microphones, the downstream part of the dwer
microphone rings was excluded from the averagiroggss. The background noise (BGN) was determiread &
measurement with an empty test section (i.e. noefy@d the same wind tunnel speed. Because in deuaf low-
noise cases the signal-to-noise ratio (SNR) wdeerdow, the measured sound levels were correcteBG&N using
the following procedure. If the SNR was higher tl3adB, the sound levels were corrected for BGN qmessure-
squared basis. If the SNR was smaller than 3 dBstlund level was set equal to the BGN level agpger limit
for the actual level.

D. Flow resistance measurements

The forces on the model (with and without meshesewneasured using a six-component balance pladed b
the lower endplate on a turntable. Since the balantated along with the model, the flow resistaRgéi.e., the
force in the main flow direction) was obtained dmg the streamwise components of the lift andydoaces
measured by the balance. The streamwise drag cieetfiwas calculated usin@,= Fy /(A-¥%V ?), where for the
surfaceA a constant value of 0.51 m x 0.05 m was used {he.frontal surface area of the H-strut at zergle of
attack).
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The flow resistance of thisolated mesh samples was determined in a special smatl winnel (“TSI wind
tunnel”), with a nozzle diameter of 1 cm. A smadinple of mesh material was placed in the nozzld, the
pressure drop over the mesh was measured foreatitferind speeds.

E. Test program

The tests were carried in January and February.Z065t, the baseline models were measured at 80@m/s
for a large range of angles of attack (see Figuia 4efinition ofa). For the single strut therange ran from -90°
to +90°, with step sizes of 7.5° for<Of« | <45° and 15° for| & | >45°. For the combined and inverted struts the
a-range ran from -45° to +45°, with a step size & 7The combined and inverted struts were noeteat higher
angles of attack to avoid interaction with the telrshear layer.

I_il_l nozzle I_il_l nozzle

i model model
L

3
o
o
@
L G2

i o
Single strut Combined struts Inverted struts

Figure 4: Definition of angle of attack for different models.

From the baseline measurements, the angles ofkattace determined at which the models produced high
broadband levels without extraneous noise sourcdganodel-endplate junctions. These angles wsed for the
assessment of the meshes. First, many differenh mederials and shapes were assessed on the singfleat a
wind speed of 70 m/s and at the noisiest anglesttatk. As a reference, measurements were also uking a
closed cylindrical fairing (with circular cross-sieny and 75 mm diameter) on the single strut. Thstnpromising
mesh materials and shapes were then tested orothieired and inverted struts, for 50 and 70 m/sjrafya the
noisiest angles of attack. The meshes were appbednly the upstream component, only the downstream
component, and on both components.

During all acoustic measurements described abdwe,farces were measured as well, yielding the flow
resistance of the model with installed meshes. iSbkated flow resistance for the most promising Imesterials
was measured after the KAT-tests in the small Ti@Hwunnel. In total, more than 550 acoustic measients were
performed.

I1l. Results and discussion

In this section a selection of the test result$ bél presented, which illustrates the most impdrtdrservations.
As mentioned in Section IIC, the presented speate obtained from the average autopowers on thay arr
microphones, and are corrected for background n@istess indicated otherwise). The results areeprtes! in
1/3-octave bands, at model scale frequencies, d@hdwt A-weighting. Most results shown in this sentare for a
wind speed of 70 m/s; the trends for 50 m/s warelai.

A. Signal-to-noise ratio and repeatability

Figure 5A illustrates the signal-to-noise ratio §Nand repeatability of the uncorrected measureeldg(repeat
measurement in light blue). It can be seen thatepeatability is good: all spectral levels agrétniw a few tenths
of a dB. The SNR is generally good for the baseditnat, except for the frequencies around 315 Hiz.the mesh
case however, which is much quieter than the basethe measured level is practically equal toBGN level for
frequencies below 800 Hz, which means that foratesquencies only an upper limit of the actuakadevel can
be determined. For this reason, the assessmem ofi¢shes is done using BGN corrected noise levels.
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In order to clearly show the acoustic effect of thierent meshes, in subsequent sections the rspadit be
presented in terms of relative levels, i.e., refeeal to the baseline model without mesh. As an gi@nkigure 5B
shows the data from Figure 5A in terms of relatexeels. Using this representation the noise redadtdr increase)
can be directly read from the graph. Note thatl¢ivels which coincide with the BGN level indicate @pper limit
for the actual level (see Section IIC), i.e., thtual noise reduction is higher.
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Figure 5: (A) Repeatability and signal-to-noise rab for single strut with and without mesh (70 m/s;a=0°).
(B) Representation of mesh effect in terms of relate sound levels.

B. Baseline noise characteristics

Figure 6 shows the (uncorrected) baseline noiseactexistics for the three models. Of all measwngdles of
attack (see Section IIE), only those angles arevehihat were selected for the subsequent meshsassat The
agreement between the dark and light blue linesagh plot illustrates the repeatability for zerglarof attack. For
a number of selected angles of attack and freqaensburce maps are shown to illustrate the saln@eacteristics.
Note that flow is always from left to right, anchttthe line color of the source map corresponadhedine color of
the respective spectrum. The plotted angles otlatteere chosen on the basis of the high noise deart the
absence of extraneous sources from the model-erdplactions.

For the single strut, the main vortex vortex shaddbeak is observed at 160 Hz, corresponding toraulsal
number of 0.11, which is close to the value of 0dgorted in literature for a similar H-sttuA\t a=0° ando=-30°
the single strut spectra exhibit high broadbandadevels, whilex=-22.5° shows very high tonal noise levels for
specific frequencies. Whereas the broadband nbise'sa quasi 2D source region, the tonal noise appe be
concentrated around the mid-span position. Sinsitarce maps were previously obtained for tonalinigaiedge
noise from wind turbine airfoilsand may be indicative of coherent noise radiafiom the complete span, possibly
due to some feedback mechanism. For the combinatl ifewerted) struts it can be seen that for songeanthe
upstream strut is noisiest, while for other anglesdownstream strut produces most of the noigerdstingly, the
inverted struts are quieter than the single sttunhast angles of attack. Apparently, the presericthe upstream
inclined strut reduces the noise from the vertitalt.

C. Acoustic effect of meshes on single strut

The influence of the mesh material (mesh width aié diameter) was assessed by testing severallairc
aluminum meshes on the single strut (Figure 7)aAsference the normalized background noise spactBGN)
and the spectrum of a closed 75-mm diameter cirazyéinder are shown as well. The closed cylindan de
regarded as an infinitely dense (zero porosity)paim mesh. Note that the Strouhal tone producethéyclosed
cylinder, at 150 Hz, is not visible in Figure 7 hase it is much quieter than the baseline H-strean be seen that
all meshes provide a substantial noise reductiohO(%B) for low and medium frequencies. Note thatuad
315 Hz the signal-to-noise ratio is limited, sottbaly an upper limit of the actual noise level dendetermined, i.e.

7
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Figure 6: Baseline noise from single, combined, anidiverted struts, with illustrative source maps (70m/s).

The legend indicates the angles of attack selectéat the mesh assessment.
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the actual noise reduction is higher than indicatstdfrequencies higher than about 10 kHz, a naiseease is
observed. The onset frequency of this noise ineréasnversely proportional to the wire diametarggesting
periodic (Strouhal) vortex shedding from the mestesv For a wire diameter of 1 mm and a flow speed0 m/s,
the Reynolds number is 416° and assuming a cylinder Strouhal number of 0.Dmex shedding frequency of
14 kHz is expected, which is in line with the olvsgions. The fact that the noise increase consiks broad
spectral hump (rather than a narrowband tone) reagxplained by the variation in flow speed aroura strut. The
speed dependence of the high-frequency noiseuigriited in Figure 8. Indeed, the peak frequencseases more
or less proportional to the wind speed, confirntimg Strouhal dependence.

s d g

——6.35/1.19 (0.66)
——3.18/0.71 (0.60)
——2.54/0.64 (0.56)
——2.12/0.58 (0.53)
——1.27/0.41 (0.46)
——0.21/0.10 (0.27)
—BGN
closed cylinder

dSPL (dB)

Frequency (Hz)

Figure 7: Effect of wire diameterd and mesh widths (indicated in mm) for circular aluminum meshes onthe
single strut (70 m/s;a=0°). The porosityg for each mesh is indicated in parentheses.

—— U=70m/s

30

20

10 +
g —a— U=35m/s
I U=50m/s
o
@)
©

Frequency (Hz)

Figure 8: Effect of flow speed on high-frequency nise for circular aluminum mesh on single strut
(s=2.12 mm;d=0.58 mm;e=-22.5°).
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It should be noted that the noise increase at frigdjuencies is not considered a drawback for aatilin of
meshes on real landing gears, because due to Axtieggand atmospheric attenuation these frequemoigsably
do not contribute significantly to the overall sdulevel in the far field. Furthermore, the frequgman be tuned
using the mesh wire diameter. Thus, the meshes thigifacoustic energy from the important low ancione
frequencies to the less important high frequencies.

The influence of mesh width and wire diameter washer investigated by comparing the results feelsand
aluminum circular meshes (Figure 9). From this fggtwo interesting conclusions can be drawn: fiiet,a given
mesh width, the noise reduction at low and medivegudencies increases with wire diameter (i.e., rthise
reduction increases with decreasing porosity). Bécfor a given porosity, the noise reduction iases with mesh
width (i.e., with increasing wire diameter). Thessults appear to be in line with those in Figurantl suggest that
the closed cylinder, with zero porosity, is theimpim solution (at least for the circular shape).t@mother hand, as
explained in Section I, the objective of the prestuady is toavoid the flow displacement of a closed fairing, since
this may induce high flow speeds on downstream aovepts of the landing gear. Therefore, it was gttech to
increase the noise reduction by a modificatiorhefrnestshape without decreasing the mesh porosity.

15

s d g
——$3.18/0.43 (0.75)
— A 3.18/0.71 (0.60)
——S2.31/0.28 (0.77)
—$2.31/0.50 (0.61)
—BGN

dSPL (dB)

Frequency (Hz)

Figure 9: Effect of wire diameterd and mesh widths (indicated in mm) for circular steel (“S”) and aluminum
(“A”) meshes on the single strut (70 m/s¢=0°). The porosityf for each mesh is indicated in parentheses.

Figure 10 shows the results for several mesh shapde from the same material. The background razidethe
closed cylinder are again shown as a referencet, Hircan be seen that the square mesh gives er lovise
reduction than the circular mesh. Apparently, trgitudinal (streamwise) or lateral (transversdgeof the mesh
is important. Next, flat mesh plates (12 cm widerevtested on either the up- or downstream sidbeoH-strut.
These were found to give larger reductions than dheular mesh for the mid- and low-frequency range
respectively. Therefore, it was decided to try diptecal mesh shape (5 cm x 16 cm), which was nidied to
combine the beneficial effects of both flat platestmes. Besides the lateral orientation, the alptnesh was also
tested in the longitudinal orientation. It can leers that the lateral elliptic mesh yields a drabtizadband noise
reduction of up to 25 dB, reducing the noise frdwa $trut to the background noise levels for a suitistl part of the
frequency range. The noise reduction is even hitifar the reduction from the closed cylinder. Agpdly, besides
the porosity, the shape of the mesh is also impbrtaossible mechanisms explaining the drasticenmésluction
from the meshes include (1) a reduction of thellloas speed at the strut, (2) the break-up ofitf@ming flow in
small vortices, reducing the spanwise coherence, (a8 moving the vortex shedding away from the csalirut
surface. The noise increase at high frequenciestaluortex shedding from the mesh wires, occursalfaneshes.

10
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Figure 10: Effect of mesh shape for aluminum mesheam single strut 62.54 mm;d=0.64 mm; 70m/s;a=0°).

D. Acoustic effect of meshes on combined struts

After the assessment of the mesh concept for tigesistrut, the most successful meshes were aptuidie
combined struts, to study their effect on intex@ttnoise. Both circular and elliptic meshes wettedi tightly
around the vertical (upstream) and/or inclined (dsineam) strut. For all cases the mesh materialakagsinum,
which was easier to handle than steel. For prdatesons (lack of mesh material) three slightffedént porosities
were used for the different configurations: 0.6360 and 0.53 (see Figure 7 for the correspondiaeghmvidths and

wire diameters). The acoustic results for the diffe meshes are shown in Figure 11.
@
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——circ/none
——none/circ

—— circ/circ
—— ellipse/none

T
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w

E I
Figure 11: Effect of aluminum meshes on the combimkstruts (70m/s;a=0°). The legend indicates which mesh
was mounted to the up- and downstream struts.
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Figure 12: Example source maps showing effect oftkral elliptic mesh on upstream component (5 kHz;
70 m/s;a=-7.5°).

For the circular meshes, it can be seen that te#egm mesh is more efficient than the downstreashnat low
frequencies, and that the combination of both megines a broadband reduction of 5-10 dB. Simiathe single
strut, the lateral elliptic mesh yields the largestluctions. Again the upstream mesh is more efficthan the
downstream mesh, but in this case adding the dogarstmesh does not increase the noise reductiatasiially.
Thus, in order to obtain the maximum reductionsitsufficient to treat only the upstream componditis is
illustrated clearly in Figure 120€-7.5°), which shows example source maps for thmbioed struts with and
without mesh: although for the baseline configamtpractically all noise is generated at the doverash strut, the
elliptic mesh around the upstream strut succegsfatiuces the noise. Apparently the aerodynamiaente of the
upstream mesh (reduction of local flow speed arahwise coherence) is still effective at the doweestn strut
location. The measurements at 50 m/s (not shows) lexhibited the same trends as at 70 m/s, so dsh mffect
does not seem to depend strongly on the Reynoldbeu In the next section it will be shown that tkesults for
theinvertedstruts exhibit the same trends as for the combitreds.

E. Acoustic results for different angles of attack

In the previous sections, most results were foo z@gle-of-attack. As shown in Section 11I1B (Fig@g for this
angle all three baseline models produced substaleiels of broadband noise, which is consideredbeo
representative for real landing gear noise. NeedgHs, it is interesting to investigate how rolihet mesh concept
is for other angles of attack. At-22.5° andx=-30° some of the baseline models produced intemses besides the
broadband noise. Figure 13 shows a summary of tleistic results for the three angles of attack thate
measured for all models. Spectra are given foithhee different models, with and without mesh. Tlesh results
correspond to the most promising reduction condept,the aluminum lateral elliptic mesh on thetugam strut.

It can be seen that the baseline single struteigdly the noisiest. As noted before, the presaice second
strut apparently reduces the noise from the vér8tait. Furthermore, it can be seen that, dedpibedifferent
source mechanisms for the different angles of kttsee source maps in Figure 6), the elliptic mestiways give a
drastic noise reduction at low and medium freques)aieducing the measured noise to background feists for
a substantial part of the frequency range. Fotdte and mid-frequency range the reduction is evigher than for
the closed circular cylinder. Interestingly, thasuking noise levels with mesh are roughly the sdonethe three
models.

For frequencies above about 10 kHz the meshes iexhiibise increase for all angles of attack. Astiomed
before, this high-frequency noise increase is rotsiered a drawback for application on a real iledyear,
because due to A-weighting and atmospheric att@rugtiese frequencies probably do not contribugeicantly
to the overall sound level. This is illustratedthg reductions in A-weighted overall sound pressevel (OASPL),
which are indicated in each plot in Figure 13.Hbusld be noted that the reductions in OASPL indubgdhe
meshes are only 1-2 dB higher than the reductioom® fthe closed cylinder. However, as mentioned feefthe
objective of the present study isawoid the flow displacement of a closed fairing, sinlgis may induce high flow
speeds on downstream gear components.

F. Flow resistance of isolated and installed meshes

The flow resistance of the isolated meshes was umedsin the small TSI wind tunnel, as described in
Section IID. For these measurements the mesh rabstevere selected which were most interesting erbtsis of
the acoustic results. The pressure drop over tlehmas measured for different wind speeds betw&em/2 and
60 m/s. Above 40 m/s the variation in flow resisgamvas found to be small. Therefore, for each ntlestaverage
pressure difference between 40 m/s and 60 m/s alaslated and normalized using the dynamic pressir\V>.
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effect of meshes for differentnodels at different angles of attack (70 m/s).
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Figure 14 shows the normalized flow resistacelp/q as a function of porositg=(s-df/s’. As a reference, an
empirical relation from Barlow, Rae, and Pbjzeshown as well:

_ 1-8Y
K=K 1- ;
mesJ(Re( ,B)"‘( ,B j

where the constarK,,.s, depends on the wire material and can be assumbé tofor new metal wires. The
factorKg. depends on the Reynolds number (referred to the di@meter) and is equal to 1 foryRe400. It can be
seen that the measured values roughly follow timigigcal law forp >0.4.

s d

A 3.18/0.71
A 2.54/0.64
A 2.12/0.58
A 1.27/0.41
A 0.21/0.10
S 3.18/0.43
S 2.31/0.28
S 2.31/0.50
S 1.02/0.10

A l\.‘& —BRP
0

0% 20% 40% 60% 80% 100%
B (%)

Figure 14: Flow resistance of isolated aluminum andteel meshes as a function of porosity.

w
| 2

APscreen/q

¢ > H D> O

25

—e—single strut
—s— combined struts
inverted struts

Co

15 +

Figure 15: Flow resistance of baseline models adunction of angle of attack (70 m/s).

The flow resistance of the different struts (witidavithout installed meshes) was measured in ghnaith the
acoustic measurements using the wind tunnel balésese Section 1ID). The results shown in this sectre for a
wind speed of 70 m/s, but the trends for 50 m/svike same. Note that in the calculation of thg d@efficient a
constant surface area was used (i.e., the frontédce area of the H-strut at zero angle of atta€igure 15 shows
the drag coefficients for the three baseline modsla function of angle of attack. It can be séean the three lines
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are quite close to each other, except around zegte aof attack. The results for the single H-s@ in good
agreement with Ref. 9 (for the other models norezfee data were available).

The effect of the different circular meshes on flloev resistance of the single H-strut (not showmehevas
found to be relatively small (within about 10%).eTéffect of the different mesh shapes on the flesistance of the
single strut is shown in Figure 16 (same cases &$gure 10). This figure shows that the upstrelnplate mesh
gives a large drag increase. For the other megbeshéncluding the acoustically most successfelrétellipse, the
effect on resistance is again relatively small.

Figure 17 shows the flow resistance for the difiémaeshes on the combined struts (same cased-aguire 11).
For these models substantial increases in flovstaste occur for the elliptic meshes, dependingraie of attack.
For the circular meshes on the combined strutslthg increase is relatively small. It should beedothat a high
drag is not necessarily a disadvantage for langesgs.
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|
250 - _
i m single strut “i) 1
225 Ty T f””: ***** = circular - ==
|
square
| | . : ﬂ ——
S 200 -~ e oo v ] « flat_downstr 1 , - \,
» ] | flat_upstr I =
175 - ;
; ellipse_long
| m ellipse_lat
150 f-m Lo 1
:
1.25 l
0 -22.5 -30
a (9
Figure 16: Flow resistance for different mesh shapgeon single H-strut (70 m/s).
2.75 \ \ \
: : :
| | |
250 1------- R ek RREE T EEEEEEE
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225 +------- oo S t---m---| ecirc/none
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o 77777,!777‘777 77‘ 7777777 ‘777 o - .
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Figure 17: Flow resistance for different meshes ocombined struts (70 m/s).
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IV. Conclusion

Acoustic and resistance measurements were perform@tLR's Small Anechoic Wind Tunnel, on several
meshes which are intended for landing gear nodect®on. The mesh concept aims to reduce the spiethe flow
impinging on a strut, while avoiding the flow diapement of a closed fairing, since this may induicgn flow
speeds on downstream components, leading to iredessse. The goal of the present test campaigrtavisd the
optimum mesh material and geometry (in terms of@&oieduction), and to determine the flow resistavfcthe
different meshes. The aluminum and steel meshes tested on generic bluff bodies (struts with Hpslthcross
section), which simulated single and combined lagdjear components. An out-of-flow microphone anes
used to localize and quantify the noise sourcethemodel.

It was found that cylindrical meshes, wrapped adotine struts, provided a substantial noise redncte10 dB)
for low and intermediate frequencies. This noisguotion occurred for all tested mesh porosities] s@emed to
increase slightly with decreasing porosity. Thesaeaieduction could be increased significantly bydifying the
mesh shape. The noise reductions occurred forflmthspeeds (50 m/s and 70 m/s), all tested armaflastack, and
for all tested models, i.e., both for the self-eofsom the single strut and for the interactionseofrom the
combined bodies.

At high frequencies (above about 10 kHz), the meslaised an increase in noise due to vortex shgdidim
the mesh wires. However, this noise increase iscnosidered a drawback for application of meshes aral
landing gear, because due to A-weighting and athrersp attenuation these frequencies do not congibu
significantly to the overall sound level in the fAeld. This is illustrated by the mesh-induced uetibns in
A-weighted OASPL, which ranged between 4 dB andRTor the different struts and angles of attack.

There are several mechanisms which may be resperisibthe drastic noise reduction caused by thehas.
First, the meshes reduce the local flow speedeastiut, which leads to a noise reduction becauseaérodynamic
noise from the strut scales with th& ower of the flow speed. Second, the meshes megkhip the incoming flow
in small vortices, thus affecting the (spanwiseareht) vortex shedding from the strut. Third, thesmmay move
the vortex shedding away from the solid strut stefathus reducing the acoustic radiation efficiertdgwever,
dedicated flow measurements are required to betidgerstand the noise reducing mechanisms of theaaes

The flow resistance of the isolated meshes, asetiin of porosity, behaved roughly according top@ioal
laws from literature. The influence of the diffeteneshes on the flow resistance of #iegle strut was generally
small (less than about 10%). For t@mbinedstruts however, substantial increases in flowstasce occurred for
the elliptic meshes, depending on angle of atthltkwvever, it should be noted that a high drag isnmeatessarily a
disadvantage for landing gears.
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