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Abstract

Commercialor businesshigh-speedflight at su-
personicspeedsposemajor technologicalchal-
lenges.While thedemonstrationof sustainedsu-
personicflight hasbeenmadeby operatingCon-
cordeover a period of more than a quarterof a
century, it hasalsoservedto show thelimitations
of this remarkablevehicle. Taking into account
the lessonslearnedfrom the pastit is not possi-
ble to envisageanew supersonicaircraftprogram
without first resolvingthemany fundamentaland
technicalbarriersof sucha project. The vehicle
will haveto benefitfrom themoderntoolsdevised
by aeronauticalscienceandtechnologyduringthe
recentpastbut furtheradvanceswill beneededto
resolve themostdifficult problems.Themainar-
easof progressare relatedto the environmental
impact of the vehicle, to its global performance
and to operationalconsiderations.Meeting the
challengesrequiresfundamentalprogressin aero-
dynamicoptimizationfor sonicboomanddragre-
duction, combustion managementfor emissions
reduction, enginedesign to comply with noise
regulationsandpropulsionintegrationto improve
performance.Theenvironmentalimpactof afleet
of supersonicairliners will have to be carefully
evaluatedandcomparedwith anall subsonicfleet.
This article summarizesthe findingsandrecom-
mendationsof theAdvisory Panelon Supersonic
Flight formed in Francein 1999. The major ar-
easof investigationwere identifiedandmethods
to setup a collaborative researchinitiative were
proposed.On thebasisof a reportassembledby
theadvisorypaneloveraperiodof 9 months,are-
searchnetwork hasbeenset-upandhasoperated
sincethe beginning of 2001. Its organisationis
describedandselectedprojectsareusedto high-
light currentresearchefforts.

1 Intr oduction

Since the first supersonicflight achieved some
sixty yearsago considerableprogresshas been
accomplishedin aeronautics. Commercialsu-
personicflight hasbeenexploited sincethe mid-
seventiesby auniquetypeof aircraftandtwo air-
line companies.Operationof the Concordeover
aperiodof morethan26yearshasshown thatsu-
personictravel is accessible,hascommercialpo-
tential but is limited by technology. While Con-
cordehasbeenandstill is a remarkablevehicle
with uniqueperformance,the first aircraft to use
fly-by wire control, its designdatesback to the
sixtiesandearly seventies.Sincethat time aero-
nauticalscienceandtechnologyhasprogressedto
a greatextent andmuchexperiencehasbeenac-
cumulated.It is thuspossibleto envisagethede-
velopmentof a a new supersonicaircraftbut this
developmentwill only be reasonableif solutions
are found to many scientific and technicalchal-
lenges.Theseshouldbemetbeforelaunchingany
new project.
The Advisory Panelon SupersonicFlight (COS
: “Comité d’Orientation Supersonique”)was
formedto evaluatethesescientificchallengesand
defineresearchprioritiesfor futuresupersonicair
transportation. The objective was to determine
the contoursof a researchinitiative in this field.
Five working groupswereestablishedto identify
thecritical technologies,assessthestateof theart
and list researchdirectionswhich would lead to
a reductionof thetechnologicaluncertaintiesand
risks involved in future decisionsto launcha su-
personictransportprogram.
On thebasisof thisanalysisit wasconcludedthat
important scientific and technologicaladvances
as well as innovative solutionswere neededto
allow the developmentof a supersonictransport
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which would be environmentallyacceptableand
economicallyviable for users(air-carriers,busi-
nessaviation andpassengers)aswell as for air-
craftmanufacturers.
In certainkey areas(noise,emissions,impacton
theupperatmosphere,structurallife duration,tol-
eranceto damage,...),the successof an eventual
vehicle will be determinedby advancesin re-
search.
The panelalsoadvocateda closelycoupledcol-
laborationbetweenall actorsfrom academiclab-
oratories,researchorganizations,industryandof-
ficial agencies.It wasconcludedthatnovel meth-
odsfor managingandfocusingresearchwerees-
sential to the developmentof the requiredtech-
nologies.Accordingto thepaneltheresearchpro-
gram on supersonicflight could becomea real
technologicalmover for the aerospaceindustry
andplay an importantrole in the competitionin
akey sectorof theeconomy[1].
This articlesummarizessomeof thefindingsand
recommendationsof the panel,explainshow the
programis beingmanagedanddescribesthecur-
rentstatusof this initiative. Researchcarriedout
in thenetwork is illustratedwith a selectedsetof
examples.Thepaperbeginswith a brief account
of requirementsandperformanceobjectivesof fu-
turesupersonictransportationvehicles.

2 Requirementsand PerformanceObjectives
of Future SupersonicAir craft

Thesupersoniccommercialairlinerenvisionedby
AerospatialeMatraAirbus,now Airbus,considers
adesiredpayloadof 250passengersandadesired
rangeof 10000km (5400 NM) [1]. The cruise
Machnumberis setto approximately2 but more
recentinvestigationshaveconsideredlowercruise
Machnumbers.This hasdistinguishedtheEuro-
peanvehiclefrom theamericanHSRprojectchar-
acterizedby a muchmoreambitiousMachnum-
berof 2.4 [2]. This high valueinducesmany dif-
ficult andoftenunsurmountableproblemsandin
particular requiresvery low pollutant emissions
to reducethe impact on the stratosphere.Cur-
rent Americanprojectshave more recentlycon-
vergedto a lower valueof thecruiseMachnum-
ber to diminish the technologicalchallengesand
environmentalconcernsassociatedwith the very
highspeedinitially considered[3]. TheEuropean
projectconsidersthattheaircraftwill fly subsoni-
cally overlandbut it couldbeusefulto reexamine
the possibility of flying at low supersonicMach

numbersoverlandand at higher Mach numbers
over water. Table 1 summarizesthe main char-
acteristicsof somefuture supersonicaircraft as
comparedwith thoseof Concorde.
Comparedwith Concorde,the specificationsof
theESCTarerelatively ambitious: (1) Thepay-
loadwould be morethandoubled,(2) The range
of 10000km would allow supersonicflight from
Tokyo to New York or Paris along appropriate
routes,(3) Fuelconsumption(perkm andperpas-
senger)would be divided by two, (4) The life
durationwould be 80000hoursincluding 60000
hours under supersoniccruise conditions. The
maximumcruisealtitudewouldnotexceed65000
ft (20000m) which would be advantageouswith
respectto the impactof emissionson the higher
atmosphere.An aircraft featuringa lower Mach
numberis alsobeingconsidered.Its cruisealti-
tudewouldbereduced,thusfurthermitigatingthe
environmentalimpactof emissions.
Thesupersonicbusinessjet wouldcruiseat lower
Machnumbersof 1.6 to 1.8 [1]. Its rangeshould
exceed4000 NM (7200 km) to cover missions
whichwouldbeflown partiallyor totally atasub-
sonicMachnumber(M=0.95). Theapproachve-
locity shouldnot begreaterthan145knotsa rea-
sonableupperlimit for an airplanewhich would
be flown by a broadrangeof pilots. The most
difficult issuein designingan SSBJis to derive
a propulsionsystemfrom existing engineswhich
would satisfyperformancerequirementsin terms
of noise,specificfuel consumptionand life du-
ration. Artist’s impressionsof theESCTandthe
SSBJareshown in Figure1.

PerformanceObjectives

Themain performanceof an aircraft is its range.
For a givenMachnumberandpayloadthis range
is well estimatedby theBréguet-Leducformula:

R � v
L
D

1
Cs

ln
� Wi

Wf

�
(1)

where v is the cruise speed,L � D is the lift to
drag ratio and representsthe aerodynamiceffi-
ciency andCs is thespecificfuel consumptionand
is closely relatedto the propulsionefficiency of
the engines,

�
Wi � Wf is the ratio of the initial (at

takeoff) andfinal (at landing)aicraftweightsand
representsthestructuralefficiency.
This expressionclearly indicatesthat improve-
mentsin thethreeefficienciesareneededto reach
therangesenvisionedfor thefuturesupersonicve-
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Characteristics Concorde European High Speed Supersonic Supersonic
Sup.Transp. Sup.Transp. Bus.Jet(F) Bus.Jet(US)

Range 6300 10000 9000-10000 7400 7400
CruiseMachnumber 2.05 1.8-2. 2. 1.8 1.6-1.8
Numberof seats 100 250 300 8 8-15
Takeoff grossweight(tons) 185 340 271 39 63
Length(m) 62 89 33
Wing span(m) 25.5 42 17
Wing ref.surface(m2) 836 130

Consump.(kg seat� 1 km � 1) 0.1 0.043

Table1 Supersonicaircraftcharacteristics.

hicles. The aerodynamiccruiseefficiency of su-
personicvehiclesis lower than that of subsonic
aircraft. Valuesin excessof 18 areachieved by
current subsonicairliners while the cruise effi-
ciency of Concordeis of about7.5. Low values
of L � D leadto increasedfuel consumptionandin-
ducerangelimitations.Thelow valuesof L � D ob-
tainedon supersonicaircraft aredueto theaddi-
tional draginducedby supersonicaerodynamics.
Thereis howeveramargin of improvementwhich
could be achieved with respectto the Concorde
baseline.Variousstudiesindicatethata25%gain
in cruiseefficiency couldbeobtainedby applying
stateof theart methods.Theobjective is to reach
a 35% increasein L � D with respectto the Con-
cordevalue.Otherperformanceincreaseswith re-
spectto theConcordebaselineareshown in Table
2.
For the enginethe economicviability is essen-
tially basedon supersoniccruiseperformance.A
1% increasein consumptionis equivalentto a 5T
increasein the TOGW or to a loss in payload
equivalent to 50 passengers.Another objective
is to augmentthe thrust to weight ratio by 50%
comparedwith theOlympusengines.For thesu-
personicbusinessjet thereareadditionalpenalties
associatedwith thesizeof thecabinrelativeto the
wing. Thefuselagesizedeterminesits drag. The
ratioof thefuselagediameterto thewing spande-
finesthe respective contributionsof the fuselage
andwing to thetotal drag. For theESCTthis ra-
tio couldbeincreased,thusdecreasingtherelative
contributionof thefuselageto thetotaldrag.This
is not feasibleon theSSBJandasaconsequence,
therelativecontribution of thefuselagewill bein
thesameproportionasthatof theConcorde[1].

EnvironmentalIssues

Supersonicaircraftshouldbeeconomicallyviable
andfor thatachieve therangesdefinedpreviously
but theirsuccesswill dependontheirenvironmen-
tal acceptabilityimplying their conformity with
respectto current and future certification stan-
dardsand regulations. Sonic boom, noiseradi-
ation and emissionsare successively considered
below.
An aircraft traveling at supersonicspeedspro-
ducesshockwaveswhich merge in the nearfield
and eventuallypropagateto the groundcreating
an impulsive changein pressure.The soundsig-
natureis intenseandprovokesaconsiderabledis-
turbance. Concordeexperiencehas shown that
the sonicboomis not well acceptedby the pub-
lic. Commercialflight at supersonicspeedsis in
fact forbiddenover many countries. The design
of asupersonicaircraftwhichwouldbeeconomi-
cally viableandfeatureanacceptablesonicboom
level doesnotseemto befeasible,at leastwith the
currenttechnologicalknowledge. It is concluded
at this momentin time thattheESCTwill have to
fly at a reducedspeedover groundandat super-
sonicspeedsonly over water. Thereis however
somehopeto reducethe boom level and shape
thewaveformto diminishthehumanresponseand
perhapsallow supersonicflight over ground,for
examplefor thesmallersupersonicbusinessjets.
The boomminimizationandshapingshouldnot
howeverdegradetheaerodynamicperformance.
Noiseradiationby aircrafthasbecomeasensitive
environmentalissue.Commercialaircrafthave to
meetnoiseregulationsfor takeoff and approach
to landing. Thestandardsarecurrentlydescribed
by stage3 of ICAO Annex 16 Volume 1. Fu-
turesupersonicaircraftwill have to complywith
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Parameters Stateof theart Objectives
Overallweightempty -30% -40%
Aerodynamicefficiency +25% +35%
Installationdrag -20% -30%
SFC(supersoniccruise) -10% -15%
SFC(subsoniccruise) -15% -20 %

Table2 Improvementobjectiveswith respectto theConcordebaseline.

theseregulationsandthe levelswhich will beset
at the dateof entranceinto serviceof theseve-
hicles. The trendhasbeento a reductionof the
noiseemittedby subsonicaircraftasillustratedin
Figure2. Thisdiagramshowstheevolutionof the
noiselevel of differentclassesof aicraftasafunc-
tion of time (thenoiselevel is givenin cumulated
EPNdBandis calculatedby summingthe levels
perceivedat thethreepointsof observationof the
stage3 regulation).A reasonableobjectivefor the
future propulsionsystemof the ESCTwill be to
achieveanoiselevel of 18EPNdBbelow thecur-
rentstage3 value.Thiswill requireadvancedde-
signwhichwill allow areductionof thehighejec-
tion velocitiesof supersonicengines.New vari-
ablecycle systemswill beneeded,equippedwith
soundattenuationliners. In addition, improve-
mentsin aerodynamicand structuralefficiences
of the vehiclewill contribute to the reductionin
thrust requiredfor takeoff and henceparticipate
in reducingthenoiselevel.
The quantity of emissionsfrom the global fleet
of aircraft is relatively small comparedwith that
from other sources(anthropicor natural). The
contributionof 200supersonicaircraftwouldrep-
resentabout2 to 4% of the total CO2 emissions
of a mixed fleet of subsonicand supersonicve-
hicles. However, theseemissionstake placeat
high altitudeandthey perturbthe atmospherein
its upperlayers,inducingvariationsin theozone
level, modifying the radiative balanceand influ-
encingthe greenhouseeffect. It is believed that
climatic impact of water vapor emissionsfrom
stratosphericaircraftmaybeseveraltimesthatof
aircraft flying in the lower atmosphere.Studies
of climatechange(IPCC,1999)indicatethat the
radiative forcing resultingfrom the operationof
1000 supersonicaircraft in 2050 would induce
a non-negligible forcing of 0.10 W m � 2, to be
comparedwith a total forcing of 0.27W m � 2 for
the mixed fleet. This forcing is five timeslarger
than that dueto the subsonicaircraft that would
be replaced.The samestudiestendto show that

forcing is essentiallyrelatedto watervaporin the
caseof supersonicvehicleswhilst it is controlled
by CO2 andcontrailcondensationin thesubsonic
case.
Emissionsof nitrogenoxidesNOxhasbeenacon-
cernsincetheearly1970sandtheinitiation of su-
personicair transportation.NOx compoundsmay
have a positive or a negative effect on the con-
centrationof ozonein the upperatmosphere,de-
pendingon thealtitudeof emission.Studiescar-
ried out in theAmericanHSRprogramassuming
a Mach numberof 2.4 have resultedin a goal of
5 g of NOx emissionperkg of fuel. This maybe
comparedwith thevalueof 20g/kgwhichcharac-
terizesthe Olympusenginesof Concorde.More
recentAmericanevaluationstendto indicatethat
a goal of 15 g/kg would be acceptablefor vehi-
cles travelling at Mach 2 at a lower altitude[3].
Otherstudiesindicatethatozonedepletionwould
bemainly controlledby watervaporemission.In
thiscontext it will beimportantto evaluatefurther
the impactof NOx emissionsandof watervapor
on theozonecontentof theupperatmosphere.

3 Research Dir ections and SelectedInvesti-
gations

The critical areaswhich deserve sustainedre-
searchareclearlyapparentfrom thepreviousdis-
cussion: (1) Impact of emissionson the upper
atmosphere,and combustionmanagementto re-
ducethis impact,(2) Enginedesignfor noisere-
duction, (3) Sonic boom evaluation,and explo-
rationof possiblereductionmethods,(4) Aerody-
namicoptimizationandpropulsionintegrationfor
increasedefficiency, (5) Structuraldesignandad-
vancedmaterialsfor enhancedefficiency andlife-
time extension. Many otheraspectsdeserve fur-
therwork but will not beconsideredhereto keep
this articlewithin reasonablelimits.
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EnvironmentalImpactandCombustionManage-
ment

Supersonicaircraft will have to satisfy impor-
tant environmentalconstraints. The impact on
the stratosphericozonelayer hasto be evaluated
but it is also necessaryto envisagegeneralef-
fectson theatmosphericchemistryat cruisingal-
titude. Researchis neededon variousfacetsof
thiscomplicatedproblem(low temperaturekinet-
ics and heterogeneousreactionsinvolving soot
particles,formationof contrailsand interactions
with theenginejets,realisticsimulationsof theat-
mosphericimpactof variousfleetsof aircraft,sen-
sitivity studiesof theseglobalsimulations,chem-
ical andradiativeimpactof watervaporemissions
at high altitudes,NOx andwatervaporimpacton
theozonelayerascomparedwith othersourcesof
emissions).
Thereareconsiderableuncertaintieswhich merit
further consideration.This is exemplifiedby in-
vestigationscarriedout by Bedjanianet al. [4]
who investigatethe impact of HOx andsoot on
thebalanceof ozone.ThereactionHO2 + O3 has
beenstudiedand the interactionof specieslike
NO2 andHNO3 with O3 andsootis alsoconsid-
ered. Anotherfacetof the problemis treatedby
Garnieret al. [5] who analyzethe formationof
particlesin thepropulsive jetsandvortex trails of
supersonicaircraft.
Reductionof emissionsrequiresadvancedcon-
ceptsfor combustionmanagement.New solutions
are consideredto diminish NOx levels, for ex-
ampleby usingleanpremixedinjectorsor staged
combustion. Thesesystemsoperateat elevated
pressuresand air temperatureswhich often lead
to autoignition,flashbackandinstabilities.Com-
bustorswhich deliver very low NOx levels are
also sensitive to resonantoscillationsand flame
dynamical problems. Theseimportant aspects
are investigatedby threegroupsled by Thierry
Poinsot[6], Luc Vervisch[7] andDenisVeynante
[8]. Experimentsare carriedout on a lean pre-
mixedcombustor, the mixing andcombustionof
spraysis analyzedwith direct simulationswhile
large eddysimulationsaredevelopedto describe
combustiondynamics. This is illustratedwith a
full three-dimensionallarge eddy simulation of
the premixed flame formed by a swirl combus-
tor. The calculationusesa specificflame treat-
mentanda subgridscalemodel. It hasbeenused
to demonstratethe possibletransitionbetweena
lifted flameformeddownstreamasin Fig. 3,anda
flameattachedinsidethepremixerafterflashback.

This simulationindicatesthat it is now possible
to envisageLESof combustioninstabilitiesin the
relatively complex geometriesfoundin practice.

EngineDesignfor NoiseReduction

Future supersonicaircraft will have to comply
with noiseregulationsat the time of their intro-
duction into the market. Theseregulationsbe-
comeprogressively moresevereandthey will not
be met by classicalsolutions. Engineswill have
to featurea variablecycle [9]. This requirement
inducesmajor technicaldesignproblems. Cur-
rent configurationsarebasedon the mid-tandem
fan(MTF) conceptin which thefanis locatedbe-
hind compressorstagesto take full advantageof
the larger sectionavailableat that level. The fan
designis complicatedbecauseit has to operate
overa broadrangeof conditions; this problemis
consideredby agroupledby GeorgesGerolymos
andFrancisLeboeuf[10], [11]. Detailedaerody-
namicstudieshave beencarriedout to obtainan
optimizedfangeometrywhich would featurethe
requiredperformanceandan extendedoperating
range.
Another team led by Daniel Juv́e is develop-
ing ComputationalAeroacousticsmethodsfor jet
noise[12], [13]. Figure4 showsatypicalexample
of largeeddysimulationof noiseradiationfrom a
subsonicturbulentjet. Thelowerpartof thefigure
shows thevorticity field in theturbulent jet while
the upperpart gives the wave radiationpattern.
Thesenew tools will allow predictive studiesof
theacousticradiationfrom ejectionflow configu-
rationsandevaluationof possiblecontrolschemes
basedonsyntheticjetsor othersystems.

SonicBoom

The sonic boom is a specificproblemof super-
sonicflight. Meansof reducingthepressurelevel
at thegroundarerelatively limited but innovative
solutionsshouldbeenvisaged.Sonicboomstud-
ies arealsoneededto defineflight corridorsand
manoeuveringprocedures.It is importantto con-
sider focussingeffects and the spatialextension
of the primary andsecondaryboomcarpets(see
Figure5). A cooperativeeffort hasbeensetupon
thesetopics.TheteamledbyFrançoisCoulouvrat
[14] considersthe nearfield shockwave interac-
tions,propagationto thefarfield,thecomputation
of focusedsonicboomsanddistorsionsof theN-
wave inducedby turbulence. Simulationsof the
sonicboomarealsobeingcarriedoutwith nonlin-
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earultrasonicwavespropagatingin a watertank.
This allows detailedstudiesof focussingeffects
andananalysisof thecausticregion.
A typical exampleof the effect of turbulenceon
the initial N-wave is shown in Figure6. This is
obtainedby propagatinganN-wave in aregionof
turbulence. The signalsrecordedafter propaga-
tion indicatethatturbulencemaystronglymodify
the shapeof the wave [14], [15]. This indicates
that wave shapingtechniquescould be counter-
actedby effectsof turbulence. This finding has
consequencesasit mayaffect aerodynamicwave
shapingtechniques.

AerodynamicOptimization

Theaerodynamicfigureof merit of an aircraft is
representedby the lift to drag ratio L � D. This
measuresthe aerodynamicefficiency and which
hasa fundamentalinfluenceon theglobalperfor-
manceof the airplane(seeequation(1)). Opti-
mizationof thevehicleshapeshouldconsiderlow
subsonictakeoff conditions,subsoniclevel flight
atMach0.95andsupersoniccruise.A highvalue
of L � D is requiredin the subsonicrangeto sat-
isfy noiseregulations(high L � D requiresa lower
thrust correspondingto a reducedlevel of noise
at takeoff). The L � D valuefor supersoniccruise
determinesmuchof theperformance.A valueof
10 at Mach 2 is neededto fulfill the rangeand
consumptionobjectives. Theseambitiousgoals
can only be met with a slenderfuselage,thin
wings andan augmentedwing span. This com-
plicatesthestructuraldesignasthewing becomes
moreflexible, inducingenhancedstructuralloads.
Aerodynamicflutterhasto beconsideredearlyin
thedesignprocess.It is thenclearthatmultidisci-
plinaryoptimizationwill playacentralrole in the
geometricaldefinition of the vehicle. It will be
importantto consideroptimizationat threeflight
points(low speedat takeoff, high subsoniclevel
flight andsupersoniccruise)while takinginto ac-
countstructuralefficiency andaerodynamicflut-
ter. The developmentof numericaloptimization
tools thusappearsasa centralnecessity. This is
beingconsideredby two groupsin the network.
The first, led by HughesDeniau[16], works on
the application of genetic algorithms to super-
soniccruiseshapeoptimization.Thesecond,an-
imatedby Alain Dervieux[17], considerstheap-
plication of adjoint equationmethodsto multi-
pointoptimization.
Supersonicflight also requiresa careful integra-
tion of thepropulsionsystemanddetailedstudies

of the engineinlet aerodynamics.A project led
byJeanPaulDussaugedealswith shock/boundary
layer interactionsoccuring inside the inlet duct
[18]. A group aroundAlain Lerat [19] devel-
ops advanced tools for inlet design including
Reynoldsstressturbulencemodels,higherorder
Navier-StokessolversandLargeEddySimulation
methods.LESmethodsto dealwith compressible
boundarylayer effectsandfriction dragarealso
developedby agroupled by Olivier Métais.
Flow control methodsare being consideredto
manageseparation(a projectcarriedout by team
aroundJeanPaul Bonnet[20]) whilst active con-
trol methodsareexploredby ateamledby Michel
Sunyach[12] to diminishjet noiseandby agroup
aroundEmmanuelFriot [21] to reducetoneradi-
ationfrom theenginefan.

MaterialsandStructural Optimization

The slenderconfigurationsenvisagedfor the fu-
turesupersonicaircraftandtheobjectiveof reduc-
ing thetakeoff weightrequirenew structuralsolu-
tions andadvancedmaterialcombinations.One
has to envisage titanium for the massive parts
of the wing andcompositematerialsfor the less
heavily loadedcomponents.The structureof the
vehiclewill besubmittedto elevatedtemperatures
associatedwith kinetic heatingandtheskin tem-
peraturewill reachtemperaturesof 100� C for
Mach 2 cruise. The deteriorationof composites
submittedto cyclic thermomechanicalloadingis
an importantageingaspect.Thedefinitionof ac-
celeratedageingproceduresfor lifetime simula-
tions is an issueof technicalimportancewhich
is being consideredby a group led by Marie-
ChristineLafarie[22]. Thestudyincludeskinetic
modelingof oxidation,thermomechanicalcycling
and modeling from the microscaleprocessesto
the mesoscalebehavior of a stratifiedcomposite
structure.Theobjective is to accountfor deterio-
rationandaging.
The high performanceenginesconsideredfor
thesupersonicaircraft requirematerialswith im-
provedcharcteristics.Theseengineswill have to
operateat nearly maximum temperatureduring
the whole flight even during cruise. This distin-
guishessupersonicenginesfromsubsonicmotors,
which only operateat maximumtemperaturefor
a shortperiodof time during takeoff (seeFigure
7).
Rotors will be submittedto creepduring peri-
ods of a few hours in each flight, for nearly
3000 h per year. To reachfive yearsunder the

872.6



A ResearchInitiative on theSupersonicAircraft

wing without major maintenance,the rotating
partsof the enginewill have to featuremoder-
atecreepafter 15000h of thermalloading. The
loading conditionswill be lesssevere for a su-
personicbusinessjet cruising at Mach 1.6 than
for the supersonicairliner travelling at Mach 2.
Improved materialsare neededfor the combus-
tor (liners andcoatingsceramicmatrix compos-
ites or molybdenum-niobiumbasedalloys), tur-
bine airfoils (single crystal alloys), compressor
andturbinedisks(superalloys formedby metallic
powderprocesses),nozzles(titaniumaluminide),
acousticliners (high temperatureCMC, titanium
aluminideintermetallicmaterials).Studiesof fa-
tigue and creepof nickel-basedsuperalloys for
turbinedisksandbladesarebeingcarriedout by
a grouparoundJośe Mendez[23]. Thermalbar-
riers for turbine bladesare being consideredby
anotherteamledby Luc Rémy[24]. Theproblem
of assemblingmetallic partsandceramicmatrix
compositesis explored by Olivier Dezellusand
his group [25] with the objective of developing
new brazingprocesses.

4 The SupersonicResearch Network

Traditionally, researchis aimed at advancing
knowledgewhilst industry focusseson applica-
tions. In many casestechnologieshave origi-
natedfrom studiescarriedout in laboratoriesbut
for this, researchshould be tuned to the needs
expressedby industryand industryshouldspec-
ify its problemsto researchers.Issuesraisedby
supersonictransportcover a broadrangeof sci-
entific, technicalandsocio-economicdisciplines,
offering numeroustopicsdeservingscientificin-
vestigationusing theoreticalanalysis,numerical
andexperimentaltools. Startingfrom this obser-
vation, the Advisory Panelon SupersonicFlight
(“COS”) recommendedthat a researchnetwork
shouldbesetup to dealwith thecritical scientific
issuesraisedby a future supersonicaircraft (see
Figure8). Thepanelprovidedaninitial roadmap
for supersonicresearchin the form of a reportto
theFrenchgovernment.
The decisionto setup the researchnetwork was
takenin December2000anditsoperationhasnow
spanneda periodof abouttwo years.The scien-
tific boardof thenetwork includesrepresentatives
from industry, researchorganisations,academia
andgovernmentagencies.It definesresearchori-
entations,selectsresearchproposalson the ba-
sis of an evaluationby independentand anony-

mous experts and evaluatesresultsobtainedby
the different teams. Financialsupporthasbeen
provided to 34 researchprojectsinvolving more
than70researchteamsfrom differentlaboratories
and organizations. A new wave of 18 projects
will be launchedduring the summerof 2002.
Fourworkinggroups(AerodynamicOptimization
andSystems,PropulsionandNoise,Combustion
ManagementandEnvironmentalImpact,Materi-
alsandStructures)have beensetup andmeetpe-
riodically to conductworkshops.A twodaycollo-
quiumwasheldin Februaryof 2002to review the
researchactivities and discussperspectives and
such joint meetingswill be held periodically in
thefutureyears.

5 Conclusionsand Perspectives

The supersonicresearchnetwork has operated
sincethebegining of 2001. It includesacademic
teams,researchorganizationsandindustrialcom-
paniesundertheaegis of governmentalagencies.
This network has mobilised the researchcom-
munity and induceda closely coupledcollabo-
rative effort focusedon the many challengesof
supersonictransport. It consitutesan open fo-
rumallowing interactionsandrapidtransferof re-
searchresultsbetweendifferentgroupsandindus-
try andacontinuousdevelopmentof thescientific
andtechnologicalprospective. Thenetwork gath-
ersthedistributedcompetence.It favorspartner-
ships,developsa continuousevaluationof results
andencouragestherapidexchangeof information
amongall participants.
Beyond supersonicflight applications, a large
number of studiescarried out by the network
will have an impact in other fields of scientific
and economic importance(subsonicair trans-
port, environment, energy...). As an example,
progressaccomplishedin reducingaerodynamic
noisewill have a direct influenceon the devel-
opmentof quieterjet enginesfor subsonicflight.
Work that focusseson low NOx combustorswill
be useful for heavy duty industrial gasturbines
which exploit advancedcombustiontechnologies
to comply with more stringentemissionregula-
tions. Even studieson the sonic boom which
areratherspecificto supersonicflight might find
implications in the biomedicaldomain (current
non-intrusive techniquesto destroy stonesin kid-
neysusenonlinearultrasonicN-waves).Thelarge
numberof subjectswhichneedsto beconsidered,
their inherentcomplexity andinterdependencere-
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quire new waysof developingandmanagingre-
search.Thenetwork of laboratoriessetupfor this
purposeprovidesa framework for dynamicaland
interactive cooperationsbetweenall participants.
The supersonicresearchnetwork may alsoserve
asan entrypoint for thedevelopmentof interna-
tionalcollaborationson thesupersonictheme.
It is intendedto continuethis initiativeover a pe-
riod of theorderof four years.At theendof this
first period, an evaluationwill be carriedout to
measuretheprogressaccomplishedin thevarious
areasanddefinearoadmapfor asecondterm.Re-
sultsobtainedup to now arepromisingand it is
hopedthat the effort will be continuedand ex-
panded,leadingto solutionsof the mostcritical
problems.
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[7] Réveillon, J., Domingo, P., Cannevière, K.
and Vervisch, L., Simulation et mod́elisation
de la combustion turbulente de sprays. Proc.
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Proc. Recherche Aéronautiquesur le Superson-
ique, 1stColloquium,Paris,2002.pp. 177-185.

872.9
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Fig. 1 Artistic viewsof theSupersonicBusinessJetandtheEuropeanSupersonicCivil Transport
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Fig. 3 Large eddysimulationcombustion. Air andmethaneflow througha premixer including two
swirlers.Theflameformeddownstreamis displayedon ascaleof grey levels.(from T. Poinsot).

Fig. 4 Largeeddysimulationof jet noiseradiation.Thelowerpartof thefigureshowstheinstantaneous
distribution of vorticity in the jet. The upperpart displayswave radiationrepresentedby the spatial
distributionof dilatation.
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