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Abstract

This paper describes the characterisation of thegjse on the preliminary design of the launch gedicated
to the future launcher Ariane 6. The assessmepbiglucted through a tests campaign carried oubeat t
Martel facility, with a mockup of the launch pad H#0-scale. In addition to the acoustical measergm
around the fairing, a 115-microphone phase arrayiges the localization of the noise sources ondhbach
pad. The semi-empirical code Minotaure finds tHeciehcy of the trenches covering at the reducedesand
provides the jet noise environment on the Ariam@udcher at full scale.

1. Introduction

At lift-off, the jet noise generated by the motafsheavy launch vehicles produces a severe envieohnvhere the
loads induced may damage the payload and equipni&mtgerful launch vehicles involve an increasehef éxternal
sound pressure level, where the specificationf@fsttellites covered by the fairing have to beustely fulfilled.
As a result, the environment of the launcher, nyaimelated to the jet noise and the blast wave gaedrat the
ignition of the solid rocket motor, has to be aetely controlled and the acoustic level loweredewmmecessary.
This paper concerns the characterisation of thegeste on the preliminary design of the launch gedicated to the
future launcher Ariane 6. This activity is carriedt under a programme of, and funded by, the Eunoggpace
Agency. In practice, according to the expected sitcal power radiated by the jets of Ariane 6, whian be
straightforwardly estimated from the kinematic gyedelivered by the engines, a well-designed laupat is
required to prevent high level on the fairing dgrthe lift-off phase.

A significant savoir faire on the characterizatmfnthe environment of the launchers at lift-off lgegned from the
launchers development during the last decades. anticplar, in the framework of the Ariane programme
complementary technologies have been implementedtimlying the jet noise and the blast wave. Theilabie
tools include both theoretical and experimentallifaes. Tests, using a solid rocket motor genegta hot and
supersonic jet as well as the blast wave at thg fiest time of the ignition, can be performed irei@re Fauga
Mauzac of Onera [1]. The measurements with a plapelengine provide realistic conditions to simalat
representative jet noise and blast wave. Howehese tests campaign remain expensive, reducinguher of
runs, and are preferably used to reinforce thegdesi the launch pad, when necessary. As an atteenshe Martel
facility, funded by CNES and operating since 199&dicated to research activities on hot supergetécand blast
wave can be used. A large amount of test campdigms been carried out on noise radiated by freengtinging
supersonic jet and water injection in presence wéach. The development of the blast wave generoking at
cold gas and hot gas based on methane-air combustiustitutes a powerful system generator in tadglify [2].
The blast wave is produced by the deflagration ethane-air mixture ignited inside a spherical vatumander
pressure up to 100 bars at a temperature of ati@@ B. Concerning the modelization, while the erigtheory on
the supersonic jet noise in free field is well doewmted by Tam [3], the semi-empirical approachweerifrom the
standard Eldred’s formulation allows to handle ¢benplex geometry of the launch pad [5]. Increaginggress are
to be underlined in Computational Fluid Dynamicstle® computations of supersonic hot jet, whereLérge Eddy
Simulation generates the noise sources in thengttlde coupling with Computational Aero-Acoustigsyides the
noise radiated in the far field [6], [7]. Nevertess, CFD requires further studies to accuratelylleathe complex
geometry of a complete launch pad.

This study focuses on the assessment of the jeé nahile the expected impact of the blast wave Ishioel reduced.
Due to the symmetry of the launch pad, the artivaé of the two blast waves on the fairing, propgeggafrom the
two ducts (Duct Over Pressure), should be abous#imee and this situation minimizes the sharpingresffon the
fairing. In practice for the present study, therjeise assessment is conducted through a testsaaggmyarried out at
the Martel facility, which is an experimental bengperated by Pprime Institute. In addition to timalgsis of the
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acoustical measurements upstream the jet, ONERAnmalemented acoustical sources localization onldln@ch
pad and conducted semi-empirical predictions usitregcode Minotaure. The present study aims at atialy the
efficiency of trench covering and the influencetb& water injection on the noise reduction, as tioncof the
altitude of the launcher and to point out the atioaksources responsible of the radiated fieldspuee on the
fairing.

Section 2 shows the mockup geometry of the lauradh describes the tests in the Martel facility dhdtrates
results on the jet noise radiated around the fgir8ection 3 concerns the identification of theseaources using a
microphone phase array, including the intereshefDAMAS technique and the geometry of the antesataup in
the Martel facility. Section 4 shows the semi-enagir Minotaure predictions on the Martel configimatand on the
Ariane 6 at scale 1.

2. Testsin the Martd facility
2.1 Mockup and instrumentation set up at Martel faciliy

The Martel facility has been developed in 1996 ad jpf the Research and Technology CNES prograne. Th
research group AEID (Acoustique et Environnemeuuits au Décollage) was created in 1990 to undedsthe
noise radiation mechanisms associated with hotrsopi& jets and to design noise reduction systdimsas
composed by ASTRIUM, CEAT/MARTEL from University éfoitiers, CNES, ECL, ONERA and Pprime. In this
frame, number of experiments carried out in MARTH&Lility allowed us to develop semi-empirical medband to
validate numerical simulations. The MARTEL facilipyoduces subsonic or supersonic jets, cold oradrat,is used

to carry out both fundamental and applied reseatalies. Efficient systems to reduce the jet ndigee been
designed and assessed, including the water infeaticthe launch pad together with the trench extenf8]. The
facility is characterized by a testing hall surrdad by a huge anti-noise embankment, with an efficacoustic
treatment to ensure a semi-anechoic ambience @iturThe supersonic hot jet is generated by timebostion of
an air-hydrogen mixture, reaching a 1600 m/s vgloand a 1700 K temperature. The nozzle used ferteists
campaign is a cone-shaped convergent-divergentamtbxit diameteD of 60 mm. The 1/40 scale corresponds to
the ratio ofD and the nozzle exit diameter of the solid rocladter at full scale. The combustion engine andleoz
set is covered by a 2 meters high and 0.25 m demwegtindrical fairing. The ensemble hanged atdbater of a
frame can vertically moves, allowing the distanedween the nozzle exit to the table of the launad, pe., the
altitude of the launcher, to vary from 0 toRLO

n Pprime

Recently, in order to pre-design the launch patheffuture Ariane 6, dedicated test campaigns baem performed
at Martel, in the framework of the ADEL Researchigr [9]. Tests have been carried out on a modulet, darying
its section, length, depth and coverage. It wasdahat the more efficient covered duct (respebtiepen duct), to
attenuate the radiated field is the deepest ospdrtively longest one).

Figure 2 displays the launch pad of Ariane 6, 40Kcale, set up in the Martel facility. Its geoimés based on the
outputs of the ADEL research. The launch pad ohAe¢i 6 consists of two covered, long and deep teenchhe
trenches are located in opposite directions ang gliéde both the jets generated by the solid robkeisters and the
main cryogenic engine. At the bottom of the treschanction, a deflector splits the jet from the aggnic engine
into the two trenches. The mockup simulates mosth@®fAriane 6 pad geometry, including the launcth plements,
a large plane plate representing the ground anevéter injection devices located inside the flud an the launch
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table. One single jet is available in Martel fagiliThen, for most of the runs, a plate of separais located inside
the launch pad, so that the jet only penetrates dne trench, while the reflections of the sound/egamay come
from the whole geometry of the launch pad, inclgdime two trenches.

Figure 2: Reference mockup, set up in the Marilifa

The acoustic measurement instrumentation includeyliadrical array composed of 6 rings, G1 to G#6,4o
microphones surrounding the combustor fairing, Wwtggnulates the launcher, as displayed in Figuriks3detailed
in Section 3, a 115-microphone phase array islatsmted on the ceiling of the Martel facility fdret identificaction
of the sound sources.
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Figure 3: Microphones surrounding the combustairfgi

2.2 Sound pressurefunction of the launcher altitude

During the tests campaign, a large set of paraméigve been assessed. They mainly concern thénlandtshape

of the trenches and the water injection paramekégsire 4 shows two geometries of the trench stufieaddition to
the reference geometry: a configuration with a trotength compared to the reference and another on
corresponding to the reference geometry with a éxtension. Figure 5 shows the overall sound preskavel
averaged on the upper rings G5 and G4, as funofitime altitude of the launcher for the three cgafations of the
trench. The general shape of the curves are cleaised by: i) a significant reduction of the noiseel at low
altitude due to the attenuation by the coveredctieni) a maximum of the noise level at aboutD20ii) an
asymptotic level at 35D where the free field jeisearadiation is reachedd., no more penetration of the jet in the
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trench and weak acoustical reflections on the lautable). It is observed that, the shorter trenobvipdes less
attenuation at low level while the higher altitudels stronger levels, the slope of the trench ¢penore pronounced
and, as a result, the acoustical reflections tosvdheé fairings more intense. The configuration wiitle trench
extension finds a similar behavior to the referemce, with few additional attenuation at low altiés from O to B.
Finally, according to these results the geometnsimtered is the reference one in Figure 2.

4

Short trench i o Reference trench with an extension

Figure 4: Geometries of the trenches
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Figure 5: Sound pressure level on the fairing

In order to reduce the radiated field, three kiofidevice of water injections have been implememedhe launch
pad, as shown in Figure 6. The first water injattitevice in Figure 6a is composed by 4 nozzlestéacat the
entrance of the trench and inside it. The secomdiofrigure 6b is composed by a ramp of nozzlehabthe water
deluge is injected above the launch table. Thelthire in Figure 6¢ is made of 4 ramps of nozzlesoauding the
launch table and debiting outwards. The two firstides aim at reducing, the velocity of the supersonic jeb
reduce the sound pressure level relatedft@he third device aims at creating a water curbgitween the acoustics
waves reflecting on the launch pad and the radiigddl on the fairing. The angle of the nozzles #hape of the
nozzles cylindrical or plan are the main parametersghis study of the water injection devices. oghy the mass
flow of each water injection device can goes fromo # kg/s while the mass flow of the supersoniepuals to 1.2
kg/s. During a run, while the supersonic jet isitley, the following sequence for the water injectiis achieved:
dry configuration, water injection alone at therante of the trench, deluge above the table andydedutwards the
table. Figure 7 illustrates the influence of theavanjection on the radiated sound pressure ferrétierence trench
configuration. It is found that a significant lewattenuation of about 6 decibels is obtained at ddtitudes by the
water injection at the entrance of the trench (tedve) and that a reduction level from 1 to 3 delsibcan be
reached, in the altitudes rangb %o 23 using thedeluge above the launch table (blue curve). Astgiiobn the
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green curve, for altitudesDbto 19D, considering together the water injection at therance and the deluge above
the table gives a similar effect to the deluge @losuggesting that the water injection at the eo#rds no more
efficient up to ®. Finally, it was found that the deluge of watertain outwards the launch table does not provide
significant additional attenuation.

a) Water injection at the trench b) Water deluge above the
entrance launch table

Figure 6: Water injection devices implemented anrttockup of the launch pad
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Figure 7: Influence of the water injection

3. Identification of the noise sources on the launch pad

In free field, the upstream radiation of the supeis jet is described by three components: theuterti mixing
noise, the broadband shock noise and the screeeh seeFigure &. The turbulent mixing component mainly
radiates downstream the jetigure &). The physical mechanism of these componentsei$ established and
documented by Tam [3]. In the presence of the layped, the configuration is much more compleigure &
displayed a schematic diagram of the intending stixal waves radiating upstream, in the fairingdiion. At low
altitudes of the launcher during the lift-off phaggpically 0 to 3D, the screech and tone noise still radiates
upstream, while the three following sources cap alentribute: i) the turbulent mixing noise emittédwnstream
the jet and reflecting on the launch table, ii) #moustical waves radiated at the exit of the tneawd iii) the
additional sources generated by the impacts ofethen the launch table. The radiation efficiendytteese sources
strongly depends upon the altitude of the launchieis section proposed to study the performandbephase array
techniques to localize the sound sources in swdnglex situation of the supersonic jet impacting taunch pad.
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Figure 8: Noise radiation of a supersonic hot jet

3.1 Identification of noise sourceswith a microphone phase array

First attempts of noise sources localization ingdbeospace industry rely on the Conventional Bearmifig (CBF).
In the principle of the CBRhe microphone signals are delayed in time, wethhte and amplitude factor and then
added together over thidy microphones of the arrayschematically, the signal processing performedttan
microphone array is equivalent to an acoustic mistanning for the detection acoustical waves. dimplitude
factor and the phase delay are derived from a gt model of sound waves. For a medium at vesich is a
suitable assumption for the launch pad environmthd, propagation model can be described by thefitedk
Green’s functionG;, = expkrjm)/rjm, wWherer;, is the distance between th#h microphone and thgh scanning
point, andk = 27f/c is the acoustical wave number. Varying the scappioint in space provides a map where the
maxima give both the location and the amplitudéhefacoustical sources, when they are locatedeiffrtbsnel zone
of the antenna [10].

The CBM has successfully been used in the pastMgRA at the Martel facility and at full scale oretiriane 5
launcher. For V503 and V504 flights of Ariane Sulh microphone array of twelve flush mounted mighones was
implemented around the fairing to perform noisereedocalization. For the flight 503 condition, tihmap performed
with the CBF shows, at the 20 m launcher altitumhe source in the middle of the uncovered centrgire flue and
two others sources at the SRB flue outlets. Inrestt for the flight 504, the map shows only onarse from the
central flue, the source radiation from the Solimcket Booster flue outlet being strongly reducedtery 30 meter
extension flue (Figure 9 from [8]). Recently, amizrophone phased array was used to identify remseces during
the Ares | scale model acoustics test. It was fotlvad, using beamforming, the impingement by themd on
various regions of the launch pad constituted thmary noise sources, compared to the free-fieldfigaration
[11].

The CBM is an efficient and robust localizationheitjue. It is worth noting that its spatial resant measuring the
width of the main lobe is proportional to the adausvavelengthA = c/f. As reminded by Panda and Mosher [12]
additionally there may appear multiple local maxi(a&e lobes), giving the appearance of pseudoensisirces.
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These difficulties arise from the diffraction chetexistics of the array and are dictated by theigtesf the
microphone layout. This property of the array resgois described by its point-spread-function, rieiteéng how a
point source is spread out in the beamforming rdqysically, even the best possible layout of therama cannot
cancel the side lobes, but only reduce them. Treasng of the actual source location is directiggmrtional to the
frequency of interest: the strength and numbeid# bes (that falsely makes the appearance atadj sources) is
inversely proportional to the frequendyinally, the CBM may not accurately localize theokhintending sources
on the launch pad radiating on the microphone aifag CLEAN-SC, an advanced beamforming routines, wsasl
by Panda and/losherto image noise source distribution in the plume ablid rocket motor. The authors observed
that while significantly reducing the smearing asated with the point spread function, the CLEAN-8@ not
improve resolution beyond that set by the Raylaigterion (beamforming is able to separate two eaeurces
when the first maximum of the secondary sourceaidés with the first minimum of the primary source)
Nowadays, phase array methods are heavily usedkiairtcraft industry for the identification of noisewsces on
airframes, engines, landing gear with recent psgyen advanced processing technigueiditionally, significant
advancements in sensor, data acquisition and camgptgchnologies, contribute to improve the shaipgmf the
noise source distribution. Most of the new proaesdiedicated to phase array are based orD#wonvolution
Algorithm for the Mapping of Acoustic Sources, seecalled DAMAS algorithntechnique.

SRB flues outlet SRB flues outlet
n
. n
Central . Central
flue outlet flue outlet
Flight 503 Flight 504, including a flue extension

Figure 9: Maps of the acoustical sources on Arateunch pad, altitude 20 m [8]

In the aeronautics field, ONERA has successfullgliag the DAMAS algorithm tdhe determination of acoustic
directivity from microphone array measurements gistorrelated monopoles, tihe slat noise assessment from
Airbus A340 Flyover phased-array microphone measerdgs, and tdanding gear noise sources identification
through an application of array methods to expemntaleand computational dafa4], [15], [16]. This section aims to
show the capability of the DAMAS method, used foe first time at the Martel facility, to accurataetentify the
noise source on the mockup of the launch pad afn&ri6.

3.2 Principle of the advanced DAMAS pr ocessing

There have been multiple efforts to improve theanesolution by deconvolving the pointspread fiorctrom the
beamformed output. The most straightforward oneMa4&, involves large matrix manipulations and, asesult,
very costly computing time. In the following, maimmathematical steps for the conventional beamfornaind the
DAMAS methods are briefly outlined. The DAMAS isdeal on the algorithm proposed Byook and Humphreys
[13]. The acoustic spectra emitted from the source pangsestimated in two stages. First, the phasedrarr
microphone data are analyzed by beamforming. Thesteconvolution technique is used to remove theatled
point spread function in order to estimate the atiousource spectra. The DAMAS method can handli bo
correlated and uncorrelated sources. Due to theyheamputational cost required to apply DAMAS witbrrelated
sources, we consider here the simplest approadhavitet of uncorrelated sources. This latter assampllows
performing maps in almost real time. Such a distiim of uncorrelated sources can restitute thennssund
pressure level radiated in the aperture angle ®fatitenna, but may fail to describe the directiatythe sources
radiation in the whole space.

We first briefly remind the CBF formulation in ondé& introduce the main quantities involved in thAMAS
formulation. In the beam forming approash,the mean square amplitude of the source aitlh&canning point are
expressed as:
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NM NM
si = ZGi,mrm,nGi,n /(ZGi,mGi,m) (1)
m,n=1 m,=1

where G; ,, is the Green’s function between tile scanning point and theth microphone anfl m  is the cross-

spectral matrix of the microphone array. As disedsabove, the main limitations of the CBM are ih@ted spatial
resolution and the side lobe in the response oathienna. This may result in the difficulty to segta close acoustic
sources and also to estimate the noise level afdgbeces.

The DAMAS approach aims to overcome these diffiealby introducing a more realistis multi-sources model,
to describe the pressure field on thil microphone:

NS
pmzzajGj,m )
=

with a;, a; =50, ; for uncorrelated sources. The DAMAS formulatiomisv summarized below, details of the

method can be found in [13]. The principle of th&NDAS approach, like the CBM, is derived from a mmiization
between a source model and the microphone measntgme., the well-known least mean square method. The
DAMAS assumed a set @af priori monopole sources distributed in space, as clog®ssble to the location of the
actual sources. The output of the DAMAS approactoisissign the amplitude of these monopoteghe mean
square of the source magnitude is solutiohisf= b, sunder the constrairstto be positive g >0). The H matrix is
defined by:

2
Hi,j :|Ki,j| (3)
Ny
whereK; ; = GG (4)
m=1
Ny
andb = » G mGiy (5)
m,n=1

To solve this problem, an iterative algorithm assted with a Tikhonov regularization provides a ddalance
between accuracy and robustness of the solutidgn [17

3.3 Array hardware set up at Martel facility

This section reports on the application of a sljtghased array in establishing the noise soumtesipersonic hot
jet impacting a launch paéigure 10 shows the implementation of the 115-nibome array located on the ceiling
of the Martel facility. The 115 microphones, Bru&lger ¥4" type, are evenly distributed in a 2mx2narpl
including 5 arms. The microphone array is fixeditamtally on an IPN girder of the Martel structudéectly above
the trench at the higher altitude to prevent agoaistlisturbance of the pressure field on the rfigisi The antenna is
located4.27 m high above the launch table and 1.85 m terdhfrom the nozzle exiffo avoid reflections, an
acoustical liner is applied on the IPN.

Additionally, a data acquisition and processingtetysis assembled in the Martel facility, and preo®s codes are
implemented to take advantage of the array proesdurhis hardware coupled with efficient algorithedkws
providing maps of the CBM and the DAMAS techniqués,almost “real time” during the experimenthe
microphone signals of the array are acquired witbommercial system, a B&K LANXI type, at a 13107z H
sampling frequency, using a dynamic signal provitkyda 24 bits digitizing, and high filtered at tB2.4 Hz
frequency. Spectra of the cross-spectral matrixobtained through an average on 300 Fast Fouri@nsform of
temporal data blocks together with a Hanning wéightThe output processing of the maps are perfdromeoctave
bands, from 250 Hz to 16 kHz. Prior to the experitnan acoustical source was placed on the duttexalibrate
the 115 channels of the array and to check theataple functioning of the array response.
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Figure 10: 115-mirocrophone array set up in thet®dacility
3.4 Results

The results from the antenna using the DAMAS prsiogs obtained "in real time" are the maps of tharce
localization on the trench, as function of thetatte. From among the large amount of processedtsefigurell
illustrates the maps displayed in a vertical planataining the jet axis and a set of planes foltgnvthe trench
geometry, in the 4 kHz octave band, and for thedaer altitudes 0 to & At zero altitude, as excepted, the entirely
acoustical source is found at the trench exit;xtthe main noise source remains at the duct eit, Wi addition,
an impact source located directly above the vérjitaat 2@, the duct exit source is significantly reduced, tfee
benefit of sources located in the vertical gtditional sources generated by the impacts ofethen the launch table
closetrench slope and the reflection of the turbulentimg noise on the top of the trench; the evolutadrthe 2@
behaviour pattern to the B50ne, points out a shift of the mixing noise cdnition towards the duct exit, in
agreement with the 140 degrees radiation direatfdahis source component (see Figure 8b).

0D (83) 5D (87) 10D (110) 15D (91)

Figure 11: Acoustical maps in the octave band 4.Krp: altitudes 0 to I3; bottom: altitudes 20 to 85
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Octave =500 Hz Octave =1000 Hz Octave =2000 Hz

Octave =4000 Hz Octave =8000 Hz Octave =16000 Hz

1 3 13
Figure 12: Maps at the altitude 25or the octave bands from 500 Hz to 16 kHz

Figure 12 details the maps atlL,5where the maximum of the SPL radiated occurduastion of the frequency.
Roughly speaking, it appears that in the low fremyerange, from the octaves 500 Hz to 2 kHz, thmidant
sources are located on the duct exit, on the impkitte jet and in the vertical plane, while fronkMz to 16 kHz, a
source at the foot of the trench slope is alsogmtes

As a complementary analysis, the powerful intecdshe DAMAS s its capability to determine the dagolved
noise levels to be integrated over specific domamsrder to get the acoustic power contributiomteed from sub-
areasFigure 13illustrates a proposed decomposition of the varénd horizontal planes into noise sources: \artic
jet (orange area), jet impact with the launch tdbéel area), turbulent mixing zone (green areandn exit (blue
area). Theoretically, using an uncorrelated nomerce distribution in the DAMAS formulation, suclordain
decomposition enables to determine the contributibthe acoustical sources to the pressure fiafiiated on the
aperture angle of the antenna. Using correlatedensource assumption in the formulation, requifiegvy CPU
time resource, would also provide an unbiased sawipthe radiated field on the fairing.

impact jet/table

trench exit

Figure 13 Decomposition of the noise source zones (blackes represent the microphones)

10
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Figure 14shows the deconvolued density spectral levelatadion the microphone location from the sourceegpn
at four altitudes. The black curve represents thel pressure, while the other curves colors matith the zones
color defined inFigure 13 At 0D, it is found that the main contribution to theiegdn comes from the zone at the
trench exit; at 1D, an allocation between the trench exit and theathget zones appears, depending on the
frequency; at 3D, the impact source is dominating in the low fregpyerange, while the turbulence mixing noise
mainly contributes to the pressure level in thehbrgfrequency range. Generally speaking, the DAMAMut
allows to identify and to rank the noise source ponents, which is of strong interest to investighteperformance

of reduction devices.

5. Semi-empirical predictions

Engineering models based on semi-empirical preafictiith correlations to scaled measurements arectinesnt
state-of-the-art production tools. Belonging tcstkind of model, Minotaure is a code developed IMEQA for the
prediction of hot supersonic jet [18]. It is basedthe Eldred’s model where the acoustical poveprasenting less
than a 1% of the kinetic power of the enginesjstrithuted on monopole sources along the jet &isl{ is to notice
that the initial Eldred’s semi-empirical approacévedloped in 1971, has been enhanced during theyésss.
Especially, Varnier has proposed a half-lengthhaf plume potential core, a sensitive parametehénBldred’s
model [19]. In 2009, modifications of the Eldredtamulation have been achieved for Ares | lift-effivironment
predictions, including the shorter core length agpnation, a core termination procedure upon plaagection and
a new set of directivity indices derived from meaasnents [20]. While recent progressing CFD can leaifree
supersonic hot jet or jet impinging on academicpshabstacles, the semi-empirical approach stillaiam an
efficient tool to predict the environment of lauechwith the complex geometry of a launch pad, urastrolled
margin errors.

11
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Compared to the initial Eldred’s formulation, Miaate takes into account the penetration of thajetthe trenches
including a sound attenuation and the reflectiohthe acoustic waves on the launch pad. Minotaptigssup the
acoustical power into two jets: one penetrating ihie trench and the other one bursting out oratinech table and
on the ground. The balance of the acoustical pdstreen the two jets depends on the altitude ofatiecher. At
low altitude, most of the energy is associatedhi jet inside in the trench and, typically fromD2@ltitude, the
energy is allocated to the impinging jet. FigureillListrates the jets modelization in Minotaure fioe mockup of the
Ariane 6 launch pad set in the Martel facility.

HOETLE

Jet relecting on the
launch table

Jet inside the trench

.....

Detail view of the jet reflecting on the ground

Distribution into two jets of the jet at the inketit

Figure 15: Jets modelization in Minotaure for theckup of the Ariane 6 launch pad

5.1 Results on the mockup of the launch at Marte facility

The first predictions with Minotaure concern thenfiguration on the scaled mockup at Martel facjliging the
aero-thermodynamics inputs of the jet, with theezshaped convergent-divergent nozzle. Figure 1l6vsitbe
comparison between the Martel measurement and thetdire prediction. Minotaure and measurementlisesue
average from the microphones located on the G4G&hdngs. It is observed in Figure 16a that, therall shape of
the measurement is satisfactory found with Minataimcluding a strong reduction at zero altitudeewlthe trench
fully operates and a maximum of the sound presslase to the 15-2D altitude, with a systematic underestimation
of the pressure at all the altitudes. This undaredion also appears at B5where the free jet radiation can be
assumed. Such a behavior already occurred in thie [bds believed that Minotaure is applied ouftefapplication
domain: the indices directivity associated to tharses along the jet axis implemented in Minotaamd derived
from the Eldred’s formulation in free field are ibahted for observation points in the far fieldttdaes not reach the
very upstream locations of the G4 and G5 strindgie agreement of the spectra is quite good in the fiequency
range but the prediction underestimated the lenethe low frequency part. Such a deviation suffeosn the
absence of modifications of the model indices sesithat can arise, with the jet penetration irtitech.

ISdB
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] ~
~ 1 —{=Mesure
- o
o n
2 —e—Minotaure
(@] ]
—+——— Measure
- Minotaure | I 5dB
Octaves (Hz)

v b by by by b By
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altDd

a) Over All Sound Pressure level.
Figure 16: Comparisons between Martel measurenaewtdMinotaure predictions

b) Spectra at the altitude RO
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The Minotaure accuracy was assessed against waletled configurations at reduced scales, espgcial the

ADEL research. The above results confirm the sanaegim error. Minotaure can also handle water inject
However, the configurations studied to calibrate Water effect (trench geometry and water injectamation) are
too far from those of the present Martel campa@prbvide a reliable sound reduction. The tool carre applied
in proactively designing launch pad topology maddifions or targeted placement of sound suppressider flow

for maximum acoustic load mitigation effects. Maletailed modeling approaches are needed to idehgfgources
of noise generation and the effects of sound mniitigaefforts. Additional model work and data basend

measurements are required to achieve this objeclivepractice, the influence of the water injection the

predictions is straightforwardly derived from tlegluction measured in the Martel facility (see Feguy.

5.2 Prediction on the Ariane 5 and Ariane 6 launch pads at full scale

Figure 17 illustrates the launch pad of Ariane B #&m Ariane 6 at full scale. For Ariane 5 two caertrenches
(orange colored) are considered to guide the jehbytwo solid rocket engines (presented with gitisks) and the
central jet generated by the cryogenic engine gmtesl with the blue disk) is guide by an open thefoagenta
colored). For Ariane 64 (configuration of Arianemith 4 lateral boosters) two trenches both guidejéts of the 4
solid rocket engines and the jet from the cryogemgine; the jets are splitted into the two trescAde Minotaure
predictions require the aero-thermodynamic inptitsach engine. No interactions between the jetsrdareduced,
so that the total acoustical power considered rivelé from the summation of each engine contributio

= | b

&

~

Ss

T T

Diagram of the Ariane 5 on the launch pad

Diagram of the Ariane 6 on the launch pad

Figure 17: Launch pads of Ariane 5 and Ariane 6g@mda: open trench, orange: covered trench)

Figure 18 compares the Minotaure predictions faae 5 and Ariane 6. As expected from the Martetmtions, a
very significant reduction is confirmed at low tltles for Ariane 6, due to the efficiency of theepgleand long
trenches. In contrast, the Ariane 5 prediction kithia higher sound pressure level due to the tiadiat the ignition
of the cryogenic engine at low altitude.

OASPL (dB)

1 1
T T T

0 20 40 60 80 100
Figure 18: Minotaure predictions®{ A5; (m) A64

Altitude (m)
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6. Conclusion

In the framework of the future Ariane 6 launchdre tcharacterization of the jet noise on the laupatd was
performed to control the pressure level on the g at lift-off. The launch pad consists of twoveed long
trenches guiding both the jets generated by thid sotket boosters and the main cryogenic engime. dcoustical
characterization was conducted through a tests agmpgarried out at the MARTEL facility, with a mag of the
launch pad at 1/40-scale. It is found from the optrone on the payload, tithe covered trenches strongly attenuate
the level at low altitudes, and that the maximumthaf sound pressure level is reached at abouDaaRitude of
launcherD being the nozzle diameter. A 115-microphone plaassy provides an accurate spatial resolution ef th
noise sources on the launch pad, using the DAMA®aadk This efficient tool confirms that at low &liiles the
noise radiation comes from the trenches exit, &odvs that the maximum of the sound pressure Bt@imes from
the combination of the turbulent mixing noise comgat reflecting on the trench roofs and additios@lirces,
coming from the impingement of the jet plume on ldench pad. Additionally, the DAMAS technique elesbto
rank and to quantify the noise sources contributiothe radiated sound pressure level. Future wsiiksild concern
the application of the DAMAS algorithm using coated sources to reproduce the directivity of there® on the
launch and to accurately describe the radiatiothe$e sources on the fairing itself, while usingarrelated, the
radiation domain is restricted to the aperture argjlthe microphone array. The semi-empirical prtoiis from
Minotaure, at the 1/40-scale, show a good agreemightthe Martel experiment, finding at low altiteslthe strong
attenuation provided by the long trench. Improvets@m the predictions could include the complex etiadtion of
the influence of the water injection.

The view expressed in the paper can in no way kentto reflect the official opinion of the Europe@pace Agency.
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