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ABSTRACT

Aerodynamie nodse fram o landing gear in o umtorm
Flova is compated wine the Frowes Williames Hawkhings
iTW-Hh equatian, The ome accoriie Flow data o the
surhee is obtamed using @ tinie volunme o salver on
an unstructured erid, The WD equation s seleed
uwang surface imeprals over the o pear smface
and over g permeable surface away Irom the Lngding
geur. Tww weemetnc configurantons are wsied in order
Lr assess the impact ot twe [xteral strats on the sound
level and dirccivity o the far-field. Predictions trom
the FW-1T vode are compared with direct colewlonons
by the flow solver b severu] vbserver locations inside
the computanona] domain, The permeable BW 1H
surtiaee predictions mateh those of the losw solver o e
neitr dield. Far-field neise caleulations concades Tor
both  uwepration surtuces. The anereose o drag
vhserved between the twae landing mear contfigurations
1 oreflected n e sound pressere evel and dicectiviy
manky in the streamwase dicection.

[NIRODUCTION

The Ffuwes Williams-Howkings (FW-H) coguations
e recenmly been wsed with peimeable sucfuces in
arder 1y predict  acrodymame nise’ . It is an
imexpensive method 10 tnciode the guadrapate saurce
terms inside e 1W- surfuce withour pertorming any
valume mtegrations, This van signiticanty improve the
nccuracy ob the poise predictions o locations where
nonlinear nleractions in the thiw canoot he iznoered.
Tins a5 notably the case wich hghty wrbulene lows
such as high Revnolds number jet and wakes. [t = also
anly slightly more expensive 10 use than a menong
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Kirchholt surface tsee avirub and Lung""?. buk without
the hmutations of Kirchihoff methods.

The mativation for predwiing the far-field noise
cenernied by oa 4owheel landene vear stems from the
mereasing contribution ab airframe nose 1w the vveral|
saatand level of o wcerndt inoes lading approach. Toarly
studivs n the 197005 by Heller and Dobreyvnski” showad
it hgh-Dd devices sueh as sDos and flaps, as well as
deploved sears, penerated muse levels 10 dB higher
thun these obf an aireraft in s “clean™  cruise
vanfiguration, Acrospatinle (pow FADS  Apbus)
investigated  the noise produced by several Airbus
airplanes. which seems 1o indicate that noise from high-
litt dewvices o5 fikely 10 dominae for mediom siee
aircruft. while landing  gear maise seems anere ob o
problem for existing and future high capacity aireralt.
The impoertunce o investigaling landing gear noise s
remfrrced by Aarbus Industry plans o extend L
Adrbers Yamily towards o high cupacity aircrafi.

Heller and Lobreyosha carried our o series ol 1osts
with hath scale models’ and fulk seale models”, which
unclersenred ihe lack of detadled seometric fealures wilh
model-seale experiments and  Lheir effects on high
frequency toase. These early expeniments also showed
that there s an incTease in noise radiation from tandem
axle vontigurations. which is the secoad fest case in e
presem study. Tlowever, 30 was alse lound doring the
full scale experiment thal struts, braces and other smuidk
festures contribute signiticandly o the averadl sound
level. A mwre recent work by Dobrzsmski e al® whers
the tmpact of warious penr sizes and conbiporations is
rmeasured, illustraies the difficulty 10 wsing scule-mocel
resules for full-scale mwse predictions. The acroat
simlation of the landing gear Qow feld is also of
ntersst since 1t poteotially affects the inflow of faps
leaated dosnstream,  This wus experimentally shown
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Ly Siaker et al’ during a wind tunnel investigation of
the airframe noise radisted by g model-scale Boeing
T3, in which case o second high-frequency  noise
saurce frem the flap syslem is only seen in the presence
of the landing pear. This landing gear — Map interaction
Morise supurce was evei shown o incraase sipnificantly
iy vsing a highly detailed gear geometry.

A5 already perfonmed in o previous study by the swme
athers®, the poal here is @ coobine the Pexibility of
unstruciuced prids with the FW-I cquation. We use the
Farallel Unatcuctured Maritime Aerodynamics (FUMA)
code for generaling the flow daw. PUMA has been
validated in several insiances for simulbating  ttme-
accurate flaw data™'®. The aim in the present cise @5 L
evaluate the impact oo the noise  dinclvily  and
imensidy of twe Tuuding gear peometdies (LDGE and
LDG2) It is expected 1o observe larger pressure
Hustoations and g more comples three-dimensivnl
New o the case invalving  two  additional  sinaes
(LIxG2

Comparisons  with  another  nunwrical  experimend
heioy carried out at NASA Langley may be availahle in
the neoar future. A stmilar run using  the CFL313
structored solver with as many as 13,5 nullion points is
under way. A landing gear How simulation has alrcady
heen perloomed by Strelets™ using o simplified gear
and a Detached Ty Simwlation {DES) turhulepee
mogle ] ona 2.5 million point siructured mesh.

THE GRIDS

Tlee grids used for the simulation of 1he flaw over
kodh lansting gear configorations were generated osing
Ciridgen'. Figures | and 2 shaw an averall view of the
meshes an the landing pear surfaces with and without
Tateral struts respectively.

The st mesh consists of about 80.000 surface
triangles, For o tetal al about 88000 tetrahecdra in the
wvolumg mesh. The second mesh rewsed as omch of e
provious prid fealures as passible. With two additional
slrwts, the number of trigngles on the surface wenl up 1o
135,000, with abow 1.2 million retrabedral cells.

Specific altention was given 1o the ceil clustering
hetween the frodl and rear wheels, o ordar to capture as
much aof the wake {rom the upsircam wheel impinging
an the downstream wheel, Fliw separation Itom the
lore wheel and woke impingement on the aft are
caipected o geporate larpe unsteady  pressure
Muctuations and therefore notse, With the second
gadrmetry. preal care wias given to the mesh refinement
hetween the wo lateral sioots, wilh the wlt strat in the
wake of the fore strub. The smallest eometric {eatures
were ook overly simplified, sinee they have heen shown
to penerate high frequency nodse as cxplained in a lTawr
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section deseribing the Flowes Williams — Hawkings
e ualion.

Figure 1- Surface mesh of first landing gear
configuration{L.IMG 1)

Figure 2 - Surface mesh of second landing gear
conliguration (LTH52)

As slerwn in Figure 3 for the secand  peomeriry
(L2, o portus FW -1 ntegration surlace was used
in addition ta the flow data collected on the landing
gear surfaces thenielves. This will help detenmine the
magnilwle of the quadropole source enm for this Llow
Mach nwber flow.  Permeable TW-1 surtaces were
uscd for both peametries, with akout 13000 triangles in
the fiest wase, and 15566} tiangles inthe case ingluding
twa Literal struls. This coarseoing miwesh awuy oo the
solicd surface s due 10 compuater limitations. 1 shiould
nel be able to support the higher frequency pressee
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flucteativns, The advanlage of these porous surtaces is
that they cun capture quadrupole-like terms without
having » perform any volume Infegration.  FW.-H
surfaces can be wsed in regions dominaed by nonlincar
effeets qunbike e KirchbofF formulations ),

Figure 3- Partial view of the porous F¥W-H
surface around second gear conliguration
(LDG2)

During the trme-aceurate runs (all made on parallel
Beowull PCoclusters), e FW-H lwes wonold be
flapped on cuch ruming CHUL so that imaicady flow
July would be output o a prescribed  sampling Tale
(slghtly below T KHey Fhis s meant o maimtain at
least 10 data points per swavelength, the  shorlest
wavelength bheing 40 times ot of the simulated
sheddimp trequency (abaot 147 Iz for the simulated
How conditnens and & Stecubal momber of 0.2 hased on
the wheel diameterh.

The Gibhs-Poale-Stockmever algarithm'™ was wsed
1w specd-up the comununication process between CPUs
As shown in Ficure 4. this procedure divides the
dumain inte slices that mmmmigz the number af
muessipes between cach pracessor, so fhat each (7P
cachanges lata with ol most two neighbuoring CPUs.
The time swp tfor the  wunsteady  simulations s
determined by the smallest cell characteristic length,
Al 2 CUL nmumber of (0095, 1his yields o dme swep of
LBGE-08 second for the licst 2od, and 1.90E-US second
far the second grid (due mostly o some itnproved CAD
work In the origing] geametey Nle). The numerical
conditivas were dictated by the CFLIND run perfonmned
a Langlew: the Reynolds™ number bused un the wheel
Jiamerer is 1,25 miblion, Tor o free siream Mach number
of 02, a free stream pressuce of about 3 atmaspheres
and a corresponding viseosity of 1.142 Kp/m’. The
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acteal wheel diameter of the Janding gear puade! is 9.4
CnL
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Figore 4- GGI'S partitioning on the Arst landing
gear surface (L1X:1) across 16 processors

FLOYW SOLYEHR

PLRMA 15 the compuler prooranm thal sas used kooun
the unsteady caleulations. I is a finile volune. RBubge-
Kurla ime-nirching sude that solves the compressible
Navier-Stokes eguations and uses wistractured prids.
uses the Messope Passiog Inlertace (MPL library for
parallel implementation, Mo RANS or LES model waus
wseil. s sealing performunce far the twe condigursions
is illustrted in [igwre 5,
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Figure 5- Puarillel sperd up on COCTAZ Tor
both Janding pear confipurations
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The ilop pertormange s slightly higher Tor the
second Case Tor any given number of CPUS. sinee the
rakic of compuiation over communication is prewker foc
u larger prid.  The facility wsed w perform the
computition  is Uwe latest our wo Cost o effective
Computing  Arravs  {COCOA"  and  COUOADR™).
COCOAR 5 a Beowwl! cluster comprised of 20 nodes
cach having doal #K} MHz Peotiem [ wul | GR
EAM. The Custer has dual Fast-Ethernet on cach node
and all the nodes are connected wsing twa HP232J
swilches  with channel bhonding  for mereased  dala
coimmunicalion.  These muchines tun Redhat Linox
Cversion TA0 andd the goe compiler.

CFD RESULTS

Simulatioms were carriced oul aver tag oyeles based
om e expected  shedding freguency o the wheel
cliamueter. Gach simulation toak abour 940 days on 24
CPUs. Datu were sumpled only for the second eyele o
minimize the elfects of the starling conditions.  Local
me stepping was intlially wsed to accelerute  Lhe
convergence Irom frec-stream conmditions w g realistc
stle. This is achicved by msipning o cach cell the
maxirnom allewikle fime step for a eiven OFLL number
ipseudo Hine marciing). OGlobal me stepping is then
turned oo hetore unsteady data is sampled,

I order G evaloade the ot deag, the momeniom
debieit method s used by evaluating the velociy deticit
in the woke of the lamding gcar, 3ore detsils can be
found in Rae and Pope'™ Figere & shows the average
velocity  detict night hehind  the  sevond  wrear
comliguration.

Figure 6- Averaye velocily deficit in the wake of
the second landing pear confignration (L.1(;2)
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In the sccond gear case, there is a good gualitative
agreement  with  experimemal resulls published by
Stoker’ in the high-fidelity Janding gear configuration.
Frzure 7 shows the drag forees connpoted by integrating
the pressure on the pear swrface (prossure dragd and
witng Pope™s wake deficilt approach (labeled o] dras).
Resuils are shown tor hoth geur conligurations daring
spproximately 7 milliseconds ol sinuled flow tinw,
giving enough time for the Nuid e cover three times the
sear lilal length. The foree coefficients (deag. larerud
and vertical force) ane the computed forees divided by
the landing pear surface aves and Lhe dyiunnic pressure,
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Figure 7- Time-history of drag force coelficients
for landing gear configurations L (1LDG1) and 2
[LDG2) psing pressure and wake methods
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Figure 8- Time-histery of lateral (Fy) and
veetical (Fed foree coefficients for landing pear
configarations 1 (LG and 2 (LIDG2)
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The increase io overall drag due to the inrroduction af
the lateral support struts is large since these components
are not acrodynamically profiled and are comparable w
tlat plates fucing the inconung Owd Qow,  Figure 3
lusrcates the lateral Iorces stemming from the presence
af these twa struls.

Figure 9- Instantaneous pressure distribution
for the second landing gear configuration
(LDG2)

Figore 10- Lnstantancons varticily Tilaments For
the second landing gear confipuration (LDG2)

One expects the fac-field sound pressure Tevel
reflect this unsready loading in both i intensity and
directivity.  Figure 9, which s a display of 1he
instanuneous distribunon of pressure un the landing
gear surface in its seeond configuration. shows the

[£12002 dmarncan Instiluta of Aeranavtics & Astronautics or Published with Permission of Authers) andiar Authar(s)' Sponsaring Organizatien.

pressure on (hese support struts, as well as on the
wheels.

Figure 10 shaws a 317 representation of sme vortes
filamenrs shedding ofT various gear components, and
highlight the impact of the upstream clements” wake
wnibe gear elements at downstream hwations,

The effect al these wortices is ool completely
cuptured by the FW-H surface which lies on the landing
pear itself. However the purmeuable FW-H sucface does
acvount for all the effects induced by these filarments
wonlil they cross its boundaries.

FAR-FIELD NOISE PREDICTION

Unly recently has the FW-H wuation baen used an &
permeable surfuce,  di Francescantonio was able 10
show that simply integrating the surface source lerms
an a porows FWoD surface dees account for the
quadrupole sources enclosed within the surface. The
FW-E equation is writlen in the standard dilferential
form including all guadropde, dipele and monopole
souree lerms ds

)

r‘:)l:’JUH }5(1 }J

sz'{x,!

a
S I.-ﬁ —
. I S

where L and £, are defined as

U}I =Ur'ﬁ" Uf =(l—i]'\-‘£+ ,ﬂ”j
:Ik pf})" pa

— v, {2

] =!;_; J +a‘r)“[

L
and T, is the Lighthill stress tensor. O is the wave
operator defined as:

e 53 -

In equition 2. g s the weal density, pr, 15 the
momentum in the 1 odicecton, v, 15 e velovity of the
inegration surface t = 0, and P, s the compressive
strass tensor, The subseript o indicates the projection of
a weclor quantity in the surface nermal direction. Using
thes suduticn to the above eguation given in Brentoer and
Farassat'™ and neglecting the guadropole terms, the
pressure tluctuation at 4 given uhserver location x and
ume ¢ is (equanon 3 below)
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FW-H codc validation

In the absence fat the momem) of experimental
acensiee datil w compare 19, an already-peoven methodl
wits implemented: the use ol the CFLY resels v validone
the I'W-H sound predictions. As was done by the
awthors a4 previous  test case’,  the  pressure
flucluations computed by the Now sobver PUMA o an
obwserver 1o the near bield were compared with 1he
predicions given by the TW-EL post-pracessing wiiliny,
Adtbouagh the near-ticld pressure Mucteations arg lane:,
uned likely contuio a great winount of ledcodynamic
oscillations. the derivaton of the FPW-I cqualion is
such that all pressure  pertorbations  (acoustic and
hydrodynmannic) should be recoversd., Exmnples in the
near ficld are given by Farassat and Bremtner’” in the
case ol high-specd impulsive nodse st rotor hlade up
aach numbuer clese ta 0480 I0is assumed thae at a Mach
number of L2, the quadrupuode terms do not contribute
significantly 4o thwe tor-fickd nowse, The seldution ne he
guitdrupele term ol the FW 11 cquation is:

. 3*
dxp.lx.t :— —cd Qdr (4
IU[ } FNER j . ¢ (4)

Tt Ry b Xy

The volume integrstion, 1F peclamed, must be carmed
pub over g large volume  and  reprosents a o lorge
computatienal task.  The fr field approximion of
couation 4 reduces o

1(]

I dﬂa’z‘ (3}
cor

47 po(x.t)=
R

However. there is in the present case an inkerest in
capturing quadrupale effects in the near Neld, so 1hal an
cxact result 1o the F-E is necded instead ol the Tar
field approximation. Farwsssl  and  Breminer™
decampased  the dqeadrupole pose term ink dhrec
compoenents varying with U, Je” and L' respectively:

fu
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amiy{x.1) = -l-—‘?—-'[ j S QT
—an f ]
+ j j e 7l sodr
e wl
+ j _[ ---—-fffh’ff (6)

There 18 & possibility thot the sevend and third terms
ntay contribuie 0@ significant way 1o the near feld
prosserg warikions.  This mplics that in order to
validole the FW-H prediciions against the CFD resulls
onhe may hove wroaccoont for some of Uwese nonlinear
chiects In additiom o loading nedse in the near feld
since the ehserver is ina highly perturbed propagating
mediooy, In the comenl derivation of 1the TW.H
gequation, the quadropole term 35 not compuled (1w
reduce  computing o and e dimit sfocage
reguiremients). Howewver the perous FW-H  swerface
shown in & previcus figpure has the ahility t recover all
nonlinear effects accurring within its ;an houndanes.,
Figure T is an ilustration of e instantuneous pressore
distribution  on  the permeable FW-1E  integration
surfice.

Figure 11- Instanlaneous pressure distribution
on permeable FW-11 surface for second landing
gear configuralion (LDG2)

Observers were placed just above the lunding pear
main leg (x = 208 am. y = Demoand 7 = 17 cm for
cthserver whose prossure s depicted e Figure 12},
where the porous FW-H mesh is more refined, so thm
the [W-II predictions con take place using both the
solid and the porous FW-L surfaces, Ao example of
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comparisons wilh the PUMA resulis at one of these
néar-eld observer locations s shown in Figure 12
This shows pood agreement between the poraus FW-H
predictions und the solver computatien. cven though the
solid FW-H sorface musses by more than 30% some of
the pressure fluciualions.

PP {Pal

gl L il al 1., | 1 M ]
a LO0% OCOE B30 A00d S00E CHE 007
Slmulated Thme {sec)

Figure 12- Comparisen of FA-1[ predictions
from integration sarfaces 1 and 2 vs. PUMA
resulis in the near-field

nef FWHT f

Figure 13- Comparisnn of FiV-H predictions
from integration surfuces 1 and 2 in the far-field

Thiz demonsirales the ability of the second FW-1
surfaec to predict the entire pressure oscillations, either
of acouwsue vr hydrodynamic nowee. Tt tends o suggest
that guadrupele effects may represent o segniticant
contribution to the overall near-Tield sound level even at
maderate dMach numbers. Unless a volume infegraton

(o202 Aenacican Instilute of Asronautics & Astrenaulics er Pubished with Permission of Author(s) andfor Authors) Sponsering Qrganizaben.

is performed over the entire CFLD domain, the enure
pressure periurbation cannot be exactly reprodoced
where noplincar etfects are  tmporfunt ond  where
varlices flow aeross the permeable W -1 sorface,

ER¥e o
4 FwH
i a @ Pehz
b
L
L)
i
CI—
ransl
Qa | I— L L | 1 ]
I a5 10 : = 15 L]

Fipure 14- RMS pressure signal prediclivns
frem integration surfaces | and 2 and trend lines

As expected, the agreement between the predictinns
froam che two FW-E surfuces improves in the far-ficld.
Figure 13 shows the pressere lime history ot 30 radid
from the landing pear ut o 50 degree angle with respect
to the downsiream axis.

The field produced by the coarser FW-H surface off
the landing gear does not reflect the same high-
frequency tloctoations given by the predictions coming
from data collecied on the pear aselt.  In view of
cxperimenial resuits desertbed earlier, it was decided o
usge the solid FW-H surface o invesugawe 1he far-field
noise  direcrivity, where high-frequency  signals arc
thought 10 be siguficant.  Figore |4 below illusirates
the decresse of the RMS pressure signal as one moves
away from the tanding sear along the downstream axis.

Caleulutions were made at 20 observers from 25
wheel diamerers down o 30 wheel diamewers o the
wake of the landing pear. Both FW-H surface data
were used and compared with a trend ling assuming a
sipnal decaying with Lfr.

As observed previously. the ageeement between the
twer  surface  predictions  improves  with  tnereasing
distance from the landing gear. As one moves further
away Tront the landing gear, it is seen by the observer 0s
an acoustic compact source. and the signal intensity
should decrease with the inverse of the distapce from
the soatree,
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Sound directivity patterns

The sound dircctivity in the mediem- apd far-fAeld
requires the use of o pacailel version of the FW.H post.
pricessing program™ . For euch radii away from the
landing mear. 72 observer locarions are defined, so thar
a resolutian of 5 depree angle s ohinned. A total of
68 observer points were detined., and are illustrised 1n
Fizure 13, which shows the retative scale wath respect
t the landing gear. For both wear confimurations, ;)
three onentaliun planes were studied and the resuits are
reported in Figures 18 to 14F, Fieores 173 w0 [7F and
lagures B8 to 1EF Ffor the Birst and second pear
canfigaraions  from 0 streamwise,  <panwise  and
vertical perpective respectively. Polar direcuivity piats
a radeal Iocations of 10, 15 and 20 radii ttom the oear
are plowed separacely from the locations fuether awoy
£33 v 50 radii trom the gear) for scaling isspes. Sound
Prewsare Level (5PLY conours with o reterenge
pressure af 63107 Pa e also presented for radial
liscations varsing friom 25 to 50 radi from the landing
pear.  The scale for egquivalent confizorations s
unchanged in wrder to allow tor qualitative compansons
with respect ta bath dircetivity und intensay of the
soupd pressure signal. 1 Figeres 16 to 14 the landing
gear is not o oscale. and 15 meant o tHustrate which
ATiBTMAIOR axis is show,
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The drag avgmentation is reflected in the sound
directivity  patterns of  bath  contipurations. The
intenalty of the R3S pressure 15 preatly invreased alony
the streamwise direction tor the second rear case
(D2 This s due to the twa support struls on the
serndynmic profile of the landing gear. Regarding the
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lmteral nuoise. the bwa s seem o inlerfore with the
build-up of sound, o that the signal in the spanwise
directivm 1% less than that in the clean configuration,
where varving lateryl forces on the gear ley creale
pressure levels in the 1ar-Beld comparghble 0 thase
alomg the streamwise direction. 1 both cases, the nears
field pressure perturbations are donunaed by the
fluctuations o drag. Yery litke near-Field noise s
generated in lhe spanwise or vertical directions. The
orverall pressure field [ooks much more disturbed in the
second pear configuration. illusirating the complex
threg-dimensionulity  of  the noise-generaning  low
pattern.

CONCLUSION

The fheew  feld  arownd  two landing gear
configurations of  increasing complexity has  heen
assessed, The wake defrair observed behind the landine
gear i very stmilar o ihal experimentally measured an
vomparable contizurations. A parallel version of the
Flowes Williams - Hawlkings equation has  been
implemented wsing inexpenpstve Beowulf clusters o
extroct nvar- and far-field sound information.  Both
solid and permeable FW-H integration surfaces have
been osed.  Excellent agrecment hus been obtained in
the near field between the porous FW-1{ swrfice
predictions  und  the CFD solver  results where
hydrodynwmie fluctsanions e expected e donunate
and are of greater magnitedes than those typical of
acowstic sienals, More work s needed inoerder v show
that the duscrepancy observed between the solid and
parious FW-H surfaces in the neardficld is lioked o
shor-runge  quadrupole-hike effect: even though the
prablem shal wos dealt with in the present case 3% a
retatively low Mach number fow for this kind of
effects 1o be sipmificant,

The comparison of acoustic predictions produced by
the twir TW-H swerfsces improves as the obsérver
location i moeved funber awav an the far field,. The
increase in drag sremming frem the Juteral struls is
reflected in the nodse level and directivity, There is a
signilicant increase in sound intensity o he sireamwise
direcuion. whereas the disturbance cavsed by these gear
elemems seems W interfere with the vortex shedding ofl
the vear ley and the resulling lateral sound radiation.

FLTURE WOREK

A poarallel investigation on separated Tow around a
come™ shows that the implementanion of a Large Gddy
Simulation (LESY method wsing z Smagorinsky sub-
prid scale moedel sipmficantly amproves PUMA'S
accuracy Ko simulate hoth mean and turhuleot quantities
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Figure 1&c: (a) Medivm-licld RMS pressure, (R)
Far-field RS pressure, {¢) SPL contour for
LDGT from streamwise perspective
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Figure 161: {d) Medium-field R}S pressure, (2]
far-[iedd BMS pressure, () SI'L contour for
LDG2 from sircamwise perspective
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Figure 18c: (3) Mediom-Geld RMS pressure, (b)
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Figure 184: (d) Medivm-field RMS pressure, (v)
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in the wake f g cone base ow. LLES bas aleeady been
used extensively o campute sound sowrces™ 7, hut
sirmg rocent work related 1o two-time seaistics of LES
data. would indivare that LES fields are wo coherent of
the eddy viscosity modet does nat include any candom
hackscatter™. {Ine way to circunvent this may he 1he
use of o dynarme LES. which is more fikely o vield
enough hackscattering to decorrelate the fluid moton at
large scales.  An cxomple of the use of a dynamic
subgrid scale model comhined with a Flowes Williams
- Hawkings solver 15 given by Morris ¢t al™ in an
atterpl o simudale the jet noise for circular nozeles,

The expericnce pained between both cases shuas tha
maore CAD and meshing wivrk can be done i order Lo
maxirnizc the aifowable fime-step and simulate a5 many
shwedding cveles as posable: this helped dooble the tiowe
step. I35 worth mentianing thauph that the cxasting
amount ol Jata for both gesr conligurations alrendy
puts a arain on the availahle capucity m wrms of
slorage regquirenients: abowt 40 Gigabytes of daty hove
teen cillected for the twao calculations deseribed in this
study.

{Mher conligurations should be teswed in order Lo
investipale the impact af variaws pear clements un the
Mew field and the resulting far-Ticld sound level: the
original CAD file contained 2 side Jdoor which was
removed foc simplification purpose.  Another sl case
alse s woamplamen an inviscid bowndary condition on
top ol the gear leg w o simulane the insallatian effects
under wowing or fuselape.
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