inter.noise 2014

MELBOURNE AUSTRALIA
16-19 NOVEMBER

>

Numerical investigation of the refraction effects by jet flows in
anechoic wind tunnels

Stéphane REDONNETJean BULTE
L2ONERA (French Aerospace Centre), France

ABSTRACT

In regard to the problem of aircraft noise mitigatithe present study focuses on the refracti@ctsfto be
possibly induced by anechoic facility jet flows thie measured acoustic signatures, during typictbaie
noise experiments. To this end, Computational Aemstics (CAA) calculations based on the solvinthef
Perturbed Euler Equations (PEE) are conducted, liagalthe estimation of the refraction effects
characterizing a typical open-jet, anechoic wingntl, namely the NASA Langley’s Quiet Flow Facility
(QFF). Coming along with their validation againaabytical results obtained through a Ray Tracing@)(R
technique, the analysis of these CAA/PEE calcutatiughlights the refraction effects by the fagijét flow,
delivering preliminary insights about what are Key parameters (jet height, jet curvature, jet agirey
angle, shear layer thickness, etc.) to play a majerin these refraction phenomena.

Keywords: Aircraft Noise Mitigation, Facility Indtation Effects, Refraction Effects I-INCE
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(See http://www.inceusa.org/links/Subj%20Class%20-%20katted. pdf.)

1. INTRODUCTION

A few years ago, noise annoyances by aircraft wéfieially identified as the major obstacle to a
sustainable growth of air traffic. Therefore, alhlseholders involved in the development of aircraft
systems or components now focus on practical waysduce the acoustic signature by their products.
On another hand, since acoustics is a complexplisei, they are often bounded to make an intensive
use of numerical simulations, which constitutesoaverful R&D tool, when used in complement to
experimentation. In particular, a synergy must lséalklished between the computational and the
experimental worlds, so that each benefit from dltleer; indeed, whereas it is mandatory that the
various numerical techniques are validated thraoediable experiments, it is also highly desiraltiatt
the latter testing procedures and environments thkect benefit from the additional information
offered by computational means, which can improtie televance and the confidence in the
experimental measurements acquired.

This is the reason why, recently, dedicated studiese jointly conducted by Onera and NASA
(1, 2), so as to numerically assess the acoustsi@liation effects that may occur in the Quiet Flow
Facility (QFF) of NASA Langley Research Center (&R Consisting in numerical simulations
relying on a Computational AeroAcoustics (CAA) apach, these studies made it possible, first, to
evaluate and, then, to discriminate the diversaisio installation effects to be possibly induced b
the facility components (e.g., mounting side plateszzle, collector plate) or features (e.g., coefi
jet vs. co-flow) onto airframe noise experimentattare usually conducted within QFF (3-6). At the
light of these studies, it appeared that, althotigdy were rather modest compared to the refledtion
diffraction effects inherited from the experimengéglparatus, the refraction effects resulting frow t
facility jet flow might impact the noise propagatiin a non-negligible way, for instance by altering
importantly the acoustic phase — a thing that cogl@stion the application of array localization
techniques within facility environments (7).
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Therefore, follow-on computations were recentlyiagbhd on the basis of these previous works,
with the view of investigating more closely theeoéfraction effects to be expected from the jewvfl
of typical anechoic facilities such as NASA's LaREF. The aim of such study, which constitutes the
purpose of the present paper, was twofold; firgeotive was to assess how similar the refraction
effects by a QFF-like jet flowe(g, 3D jet with spreading shear layers, etc) coulddmmpared the
ones induced by more idealized configurations (anar jet with an infinitely thin shear layer, gtc.
on which generally rely the analytical correctidB3% that are commonly applied to experimental data
for de-biasing them from refraction effects - sashcommonly done in QFF tests. Second objective of
the study was to perform a preliminary assessmémthat might be the key parameters (jet height
and/or curvature, shear layer thickness and/oragpng angle, etc.) to play a more prominent role in
such jet flow refraction effects.

2. COMPUTATIONAL APPROACH

2.1 Computational Strategy

For numerically investigating the acoustic instatla effects that may occur within facility
environments due to the experimental set up ang@fflow, one can preferably make use of an
advanced acoustic hybrid approach (9) involvingoés@ propagation stage based on the Perturbed
Euler Equations (PEE). Indeed, one can here rébatlonly a Computational AeroAcoustics (CAA)
techniqué relying on the PEE (10-13) or a linearized versiioareof can simultaneously account for
i) the reflection/diffraction effects by the solitkvices of the experimental apparatus and ii) the
refraction effects by the flow heterogeneities loé facility jet, in contrast to other techniquestth
can only model the former - such as the Boundagyrteint Method, or even neither of them - such as
Integral Methods (14-16).

Although one can advantageously weak-couple sucA-BaAsed noise propagation stage with a
CFD-based sound generation br{¢, 17, 18), in some cases, it may be sufficientansider it alone,
i.e. to perform pure CAA calculations based on distig sources - this enabling interesting qualitat
studies to be achieved at a much more reasonabtd@p This only requires that enough information
is known about the noise generation stage for exjent sources are analytically synthesized, based o
the characteristics (location, frequency, relatmagnitude, etc.) of the acoustic emission. On that
stage, one can recall that airframe noise sounvbgh are solely sought after, in QFF experiments)
can generally be decomposed into either monop@eas,(thickness noise) or dipoles (e.g., loading
noise) emitting at a given tonal frequency. Addiadly, any dipole can be further decomposed as a
sum of two monopoles (located each one nearby tierobut pulsating in phase opposition).

Therefore, in the present case, the numerical egsatconsisted in performing CAA/PEE
computations alone, with all these calculationsoilming an identical equivalent source based on a
(multi)tonal monopole. On another hand, these satiohs were allotted various background mean
flows (see section 2.2, below), which were chosernhat a certain number of specific canonical
situations are addressed, and the key parameteatsrlying their respective refraction effects are
highlighted. Finally, since only refraction effeatgre sought at here, and contrarily to what hashbe
done in the previous works (1, 2), none of the @Efup devices was incorporated to the calculations
the propagation medium was thus considered aseafieéd, as implicitly assumed in the analytical
corrections (8), which are, at best, based on adar a paralleisolatedjet flow.

As a validation step, the CAA/PEE simulations assted with the more meaningful configurations
were compared against analytical calculations ngJyin a Ray Tracing (RT) approach. Being based on
works achieved by Candel in the late 70’s and inmgysolely a high frequency approximation (that is,
here, assuming a source which wavelength is smalligh compared to the jet shear layer thickness),
the latter approach can accurately account foréffimction effects by any jet mean flow, whether it
characteristics are.

2.2 Computational Means

All CAA calculations were performed with the help@NERA's sAbrinAsolver (Redonnet et al, since
2000), which is a structured, time-accurate CAAedHbat solves either the full or the linear Euler

1 Whether it is based on high-order finite-differen@D) schemes operating on multi-block structugeids, or on the
so-called Discontinuous Galerkin Method, whichaséd on unstructured grids.

2 Such as previously done by the present first autronumerically assessing the acoustic instalfagffects by anechoic
facility environments onto various airframe noiseissions (1, 18).
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equations, in a conservative and perturbed forne. §dlver employs finite-difference operators, inimg
high-order spatial derivatives and filters, as waalla 3-order, multi-stage, Runge-Kutta time-marching
scheme. The code deals with multi-block structugeils with one-to-one interfaces, and is fully
parallelized using the Message Passing Interfacel)Mtandard. Finally, the solver includes the usua
boundary conditions (reflection by solid walls, reflecting / free-field radiation, etc.), as wal some
unique to specific applications. More detailed infation aboutsAbrinA solver and its underlying
methodology can be found in Refs. 10-13.

All Ray Tracing calculations were achieved with thedp of ONERA'sMadMaxcode (Bulte, 2014),
which is an integrated suite of Matlab modules #ibkiw performing analytical predictions of acouasti
propagation in a fast and accurate manner.

3. COMPUTATIONAL SET-UP

3.1 Mean Flow

As said above, several types of background meam flere considered, so as to allow the proper
assessment of all various flow effects, while stgyclose enough from the QFF experimental condition
for all configurations, the background pressurddfiwas taken as homogeneous, with a nominal value
corresponding to the atmospheric conditioRs £ 101325Pa). In contrast, the background velocity and
density fields were taken as possibly heterogenedegending on the case. First, the velocity figls
prescribed a generic jet profile, which was deriwgith the help of similarity functions based onigeg set
of parameters. More precisely, such velocity peafilas driven by both i) the Mach raty between Mach
numbers in the jet core and at infinitvl,(= M./M¢ore) @and by ii) the spreading angle)(of the jet's mixing
layers (see Figure 1). On another hand, the defisity was derived via the Crocco-Buseman relation,
which relates the local temperature to the velo&8tych density field was thus not only driven by fach
ratio (M,), but also by the temperature rafiobetween the temperature in the jet core and aiity{(T, =
To/Teord. With the view of covering enough canonical dities as well as of easing a systematic
assessment of their associated refraction effédatse Mach and temperature ratios were allottddrdiit
values, depending on if the medium was to be censitlas a uniform flowM, = 1) or a sheared jet
(M; = 0), to be taken as adiabatfiG € 1) or not T; # 1), and to be allotted a spreading angte Q) or not
(a=0). On the same way, for matching the academidiguarations (and, thus, usual corrections) that ar
classically provided in the literature, both 2D @mtaxisymmetric jet configurations were addressed.

Figure 1 — Sketch of the jet flows (2D or 3D-awijth associated parameters

Table 1 — Configurations investigated and charesties of associated background mean flows

Configuration Background Mean Flow M, o T,
A Uniform 1 - 1
B 2D parallel jet (thin shear layers) 0 °0 1
C 2D parallel jet (thick shear layers) 0 °0 1
D 2D spreaded jet (thick shear layers) 0 ° 70.937
E 3D-axi parallel jet (thin shear layers) 0 °0 1
F 3D-axi spreaded jet (thick shear layers) 0 ° 70.937
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For all calculations, the flow parameters were sidid to the nominal values usually recorded within
the QFF; in particular, the jet core Mach numbes whosen aM,e = 0.17, whereas the temperature at
infinity T, was set to 298 (i.e. 67°F). In the same way, when applicable,whlecity profile’s boundary
layer thickness was allotted a representative vafu@.6”. All other parameters were derived froregl
ones, depending on the configuration chosen; tadaksulation (configuration A) involved a uniforflow
(M,=1,T,=1), so as to deliver a reference solution (eag bf any refraction effect). On the contrarygfiv
additional calculations (configurations B to F) dhwed a heterogeneous mean flow, each one
corresponding to a particular sheared configurafdd= 0); the three first ones (configurations B, C, D)
incorporated garallel jet (i.e., 2D), for which the boundary layer thickness, theeading angle and/or the
temperature ratio were varied (see Table 1). Theerdmnaining calculations (configurations E, F) feed
on theround jet(i.e., 3D-axi) version of the parallel flow addressed onfigurations B and D. Table 1
details the parameters associated with these \wacoofigurations.

3.2 Acoustic Source

As said above, and following what had been donthénprevious works (2), all CAA computations
were based on an equivalent source, which was cesdpof amulti-tonal monopole; more precisely, the
source point was defined as a sum of 8 monoposesy ene being allotted an arbitrary amplitude, et w
as a particular frequency corresponding to a maltjf a given fundamental one. The latter fundaalent
frequency was set fg= 1.115kHzso that its associated wavelerlgéqualsi, = H (with H the half-height
of the test sectid Each one of the 7 other tones (source’s harrsphiad a frequency given fy=n x f,,
with n the number of tones considered (i.€&:3 . g= 2.23kHz...., 8.92kH2), that is, was associated with a
wavelength ofl,= H/n (i.e. A, 3 .. = H/2,...,H/8). On this stage, one can precise that priviggiroderate
to high frequencies sources was made on purposedar to examine the relative weight that refiacti
effects may have onto acoustic waves of small veagghs / high frequencies, which are often of more
relevance to small-scale wind tunnel testing. lddee the present case, the upper harmonic sodfte (
tone) exhibited a frequency of almo&t-&, a value that is not far away from thekiH2 upper limit beyond
which, for the present flow configuration, otherepbmena may arise (which cannot be easily simulated
via CAA/PEE, e.g. diffusion by small scale turbudeh Additionally, one can also precise that specifying
these multi-tonal sources as pure harmonics ohdamental one was also made on purpose, in order to
enable simulating them in one shot, via a singteetidomain CAA calculation (to be post-processed
through Fourier transforms in time, delivering theach source respective contribution to the overall
radiation field). Finally, such equivalent (multilal monopolar) source was located downstreamehe j
axis, at a distance of 35(i.e., 42") from the nozzle exit - a location that is megentative of what may be
encountered in airframe noise experiments conductggdFF (where models are usually positioned at a
location that ranges fromt2to 4H).

Here it is worth mentioning that, in canonicaligifons such as the present ones (configuraticiosHp,
the acoustic refraction is expected to be primatilyen by the aspect ratio between the source leagth
and the jet's shear layer (half) thickneggor (half) heighth (with hyy =H - gy, whereH defines the half
height of the nozzle section exit). The latter banexpressed under the form of two non-dimensipeéli
parametergzand S, respectively given by = dxy/A and Bz = hy/A.

Table 2 — Non-dimenzionalized parameters charaaterihe jet-to-source key aspect ratic=(1, 2, 3, ... 8)

Configuration = AX)An 5= h(X9)/Aq
B 0 n
C 0.05xn 0.95xn
D 0.479%n 0.5202%n
E 0 n
F 0.479%n 0.5202%n

1 Within theyzplane, i.e. free of any Doppler effect.
2 One can here recall that QFF nozzle is of rectamghape, and of dimensionsl 3 2H, with H = 12”.
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With respect to the acoustic source locatimn= 3.8H) and various wavelengthsl.(; g = H/n)
considered here, Table 2 provides the values thitghese two parameters for each configuration B;to
as one can see, paramegganked from O (for both configurations B and Eaktfrequencies) to 3.8376
(for both configurations D and F, at the highegfrency), whereas its counterp@tanked from 0.520025
to 4.162 (for both configurations D and F, depegdin the frequency).

3.3 CAA Mesh

In order to save computational resources, benefg taken from the double symmetry offered by all
configurations with respect to thxg andxz planes. Therefore, only one quarter of the domaisa meshed,
which was achieved thanks to a unique CAA grid. Hteer was generated following precise meshing
criteria, which were driven by the dual need of iufficient discretization of acoustic waves (esglty
those of higher frequency, efg.tone) all over the domain and ii) a decent mesblution within the jet
shear layers areas, whenever needed. In parti@aiagutomatic grid refinement (based on the Malesh
transform) was applied over the sheared flow regdmsuring that at least 12 to 15 grid points vpeesent
in the mixing layers (especially regarding the égunfation C, for which the parallel mixing layers’
thickness was of 0.6” i.¢1/20).

YH

YH

YH

YH

YH

F) B
Figure 2 — Background mean flow associated witHiganations B to F (from top to bottom, respectipel
Axial velocity field (in mys) within the xy and/oryz half-planes (left and middle) or along ti#dine

(right) passing by the source. On right side, thal®ls denote the CAA grid points in tixelirection
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This resulted in a heterogeneous Cartesian monlbd82x 211x 205 (i.e. approx. 21.3 millions)
points, which extended up to a distance of 100" (i.eH}.| the jet axis and 50" (4.2§ in the two lateral
directions. As an illustration, Figure 2 plots th@ckground mean flows that were derived onto théACA
mesh with respect to configurations B to F. In tigsire, one can appreciate how, whenever neetied, t
boundary / mixing layers were sufficiently disczetil, thanks to the local clustering of the mesh.

Once such grid + flow inputs were processed foalpgrcomputing, the CAA calculations were run
over 468 cores of Onera’s super computer. Eachlaiion was run until a stationary state has esthbti
all over the computational domain, which requireghgsical duration of 8 (resp. 64) times the period
associated with the fundamental (reéb.tﬁne emitted. The time step used in the simulatiwas such that
the corresponding temporal discretization was & @8sp. 25) iterations per period. Thanks to tivalmer
of cores used, each CAA calculation (of 21 millimingrid points / 1600 iterations) was completedeiss
than 2 hours of wall-clock time.

4. RESULTS AND ANALYSIS

Thanks to the numerous configurations that wereligitly addressed here (6 flow conditions, 8
frequencies, 2 prediction approaches, etc.), selargount of results were acquired, and analyzed (at
the present date, the analysis is still going &Y. consistency’s sake, only a fraction of the outes
that were gathered so far are presented here.rticplar, only the results associated with the leigh
frequency casefd) are shown and briefly discussed below. The reimgipart of all results acquired
and analyses conducted will constitute the mattermore extensive communication, to be givenin a
near future (20).

4.1 Radiation of the High Frequency Source within the Various Jet Flows

Figure 3 displays three planar views of the instasous perturbed pressure field associated wéth th
source of higher frequencyg), as obtained at the end of each CAA/PEE calarlatAs one can see,
compared to the uniform flow case (configuration e acoustic radiation is more or less imporantl
altered by the jet flow, depending on the casealrticular, for all configurations B to F, and diésmpf the
fact they were initially emitted in a pure isotrogashion, acoustic waves propagate in a very anjsic
manner within they plane — which obviously comes from the refractiffiects by the jet shear layers. As a
result of that, the acoustic fields exhibit a ratbgective signature, especially upstream and dibream
the source location. In particular, one can natgestrong interaction patterns that acoustic wawdgbit
over these regions, which translate backscatteffarts by the shear layers. This is coherent witiat
can be predicted analytically and observed expertatly, with shear layers that scatter back towahds
jet axis region those grazing acoustic waves whiagle of incidence is lower than a limit angle.tis
stage, one can notice how all these effects apjpebe more prominent when the jet is not spreading
(configurations B, C and E) and, in a lesser extehen it is curved (compare for instance configares E
and F to configurations B and D, respectively). @an also notice how, when shear layers do noadpre
out, their thickness does not seem to play a sagmif role in these refraction effects (compareirfistance
configurations B and C), which indirectly confirtte validity of the infinitely thin shear layer assption
on which analyticald.g.,Amiet) corrections generally rely.

The impact that such refraction effects by flowdregeneities may have onto the radiated acoustic
energy appear more clearly in Figure 4, which digplthe Root Mean Square (RMS) of the perturbed
pressure fields obtained within tke 0 half-plane. Here again, the effect of the wasi shear profiles
are clearly visible, whether it is in terms of mield directivity, or in terms of energy confinement
the upstream and downstream part of the domain. i#eré again, one can notice that, these effects
appear to be less pronounced when the jet flowasistic €.9, spreading — see configurations D and
F) than when it corresponds to a more idealizegasions (configurations B, C and E). This outcome
is of importance since it tends to indicate that,siome cases, the analytical corrections to be
commonly applied to airframe noise experiment migdtoo excessive, compared to what happens in
reality.

1 on this stage, it is worth mentioning that for CABlving a problem as this one with the help of silzed 7-point
stencil / 6" order standard FD (Finite Difference) schemesuatmdenser grid (of more than 200 million cells)uebhave
been required. This is why, here, use was madbeoo-calledntrinsically Optimized Finite Difference$dOFD) schemes
(19), a new class of optimized FD propagation sasethat were recently developed at Onera (Cunha doitest, 2012)
and are now implemented sf\brinAsolver. One can here recall that such IOFD schemreef very high accuracy, thanks to
an optimization process that is based on a miniiwizeof the scheme’s leading-order truncation efrather than on an
optimization of the scheme’ spectral propertieshsas usually done).
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Figure 4 — High ;‘/Hrequencygl source radiation, for c;gnfigurations Ato F (dtadse, fromxfﬂoplleft). RMS
field of the perturbed pressure within the O half-plane

0 0

.. B L

Figure 5 — High f?equencygi source radiation, for cxc/;nfigurations Ato F (dtadse, from Xt/:)plleft). Phase
field of the perturbed pressure within the 0 half-plane

4.2 Refraction Effects by the Various Jet Flows onto the High Frequency Source

In order to characterize more completely how theuatic energy is diversely impacted by the
refraction effects inherited from the various flgsofiles, the delta effects between the RMS field
obtained for each configuration B to F and the aharacterizing the baseline configuration A
(uniform flow) are displayed in Figure 6. There,eonan appreciate better how each flow profile
induces a specific redistribution of the acoustiemgy, the latter being strongly reinforced in some
parts of the propagation domain (especially inxpelane, but also in thgz one for configurations B
and C,i.e,, when the jet is planar), as well as noticeabigraiated in other areas (see the shadow zones,
where deltas exceeds dB). Again, it appears that all these reinforcemdtefauation effects are less
pronounced when the jet flow is spreading out (gurktion D and F) than when its spreading angle
is zero (configurations B, C or E). Still by lookjat Figure 6, one can also notice how these effae
also driven by parameters such as the shear lhyskmtess (compare for instance configurations B and
C), or jet curvature (compare for instance confadioms C and E, or D and F). At the end, it turns o
that all these refraction effects onto the acoustiergy are less pronounced when the jet flow is of
realistic nature (configuration F) than when itre@ponds to more idealized situations (configuratio
B, C or E, and - to a lesser extent - configuratidn This underlines again how the amplitude
corrections that are commonly applied to experimkerdata (and that are generally derived
analytically on the basis of configurations B orr&ight be too important, compared to what is really
needed in reality.

With the view of illustrating more precisely thefractions effects by the various flows onto the
acoustic phase behavior, Figure 7 plots along tviogs (respectively located on and off the jetsaxi
the instantaneous perturbed presure field assatiaith each configuration B to F, comparing it
against the one coming from configuration A.
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xH

Figure 6 — High frequencyg] source radiation. With respect to configuratigrdalta (indB) of the RMS
field associated with configurations B to F (froop to bottom, respectively), as obtained within the
z=0 (left),x = 0 (middle) angy = 2H (right) half-planes

B)

©)

D)

E)

F)

2 yH ) 4 2 y/H 3 L}

Figure 7 — High frequencyg] source radiation. With respect to configuratiofiriblack), instantaneous
perturbed pressure field associated with eithefigorations B to F (from top to bottom, in red) or
configuration A (all curves, in black), as plottidng twoy-lines, atx = 3.59H andz = 0 (left) orx = 3.+
andz = 2H (right)
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This Figure highlights well how the jet flow maydimce an important phase-shift onto the acousticesav
with that shift to be more or less pronounced antichappen more or less early during the propagati
stage, depending on the case. At this stage, onaati&ce that, contrarily to what was previouslsetved

for the amplitude, here, the acoustic phase appeatsee more altered when the jet is spreading out
(configurations D and F) than when its spreadingjeis zero (configurations B, C and E). In otherds,
unlike for what happens in terms of acoustic enagyplification/attenuation, the impact that jetwlo
heterogeneities may have onto the acoustic dispersiay ever be more important when the jet is of
realistic nature than when it corresponds to aalizied one.

4.3 Validation of Results against an Analytical Solution

Still regarding the higher frequencyg) source, the CAA/PEE simulations associated with
configurations A, C, D and F were validated agaRBt(Ray Tracing) calculations; as an illustration,
Figure 8 plots the delta (with respect to configima A, in dB) of the RMS field associated with
configurations C, D and F, as delivered by the CRBE and RT calculations within the=0
half-plane. As one can see, the agreement betwatdrelpproaches is very satisfactory; indeed, except
a few discrepancies (coming from spurious reflewiby the free-field boundary condition applied at
the periphery of the CAA calculation), both reswdtgee very well, at least above the 0.75xH limit
(below which the RT solution is unpredictable).

\

oz i\ .\\”
Sl

i\\fl:.“‘,'. i

A

3 1 3 3
2 2
1 1
0 , ; , —o . . ’ 5 3

Figure 8 — High frémquencygy source radiation. Withm;espect to configuratigrdalta (indxé) of the RMS
field associated with configurations C (left), zfi¢er) and F (right), as delivered by CAA/PEE (top)
and RT (bottom) calculations withir= 0 half-plane

The same good agreement is also found for whateroe the acoustic phase, as shown in Figure 9,
which displays the iso-phase fronts£ 0) obtained for the same configurations C, D Brtirough both
CAA/PEE and RT calculations within tlze= O half-plane; here again, except slight discrejgnoccurring
in the very upstream part of the shear layers @mding from the invalidity of the RT solution ovtris
region), both results collapse nicely.

) § [ ) 3
xH 0 o B 0 ¢ 4 xH o ° B

Figure 9 — High frequencyg] source radiation. Iso-phase frongs< 0) field associated with
configurations C (left), D (center) and F (rigta} delivered by CAA/PEE (black) and RT (red)
calculations withire = 0 half-plane.

5. CONCLUSIONS

With the view of numerically investigating the mdtion effects to be possibly induced by anechoic
facility jet flows onto airframe noise experimen@ymputational AeroAcoustics (CAA) calculations &as
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the Perturbed Euler Equations (PEE) were achigvefthyre they were validated against analytical tesul
coming from a Ray Tracing (RT) technique. The CARB#Pcalculations involved simplistic monopole
sources of mid to high frequencies, as well asouarbackground jet mean flows. First analysis efrésults
focused on the higher frequency source, highlightiow far its radiation may be altered more or less
importantly by the various jet flow profiles. Thdelivered preliminary insights about how refractaffects

by jets are primarily driven by specific parametensch as their shear layers spreading and/or tueza
These outcomes shall be completed in a very nearefuthanks to a more complete analysis of allltes
gathered (e.qg., lower frequency cases, etc.).

When completed, the present study shall furtherimithe identification of acoustic installation
effects that may be important in the type of tegttgpically done in anechoic facilities (such as
NASA's QFF one, but not only). From a more methadiptal point of view, it shall offer to
numerically check the validity and/or accuracy loé¢ tanalytical corrections (e.g. by Amiet) that are
commonly applied to airframe noise experimentaladdtinally, coming as a by-product of its
validation step, this work shall provide a uniqupportunity to compare CAA and ray tracing
approaches, in regard to their respective abilitieassess installation effects characterizingistal
facility environments.
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