
Onera- The French Aerospace Lab,

www.onera.fr

Propulsion for the Future :

The Environmental Challenges

Francois Garnier, ONERA, Propulsion 

Activities Coordinnator

Speaker - F. Paun,ONERA, France

Deputy Director New Business

Workshop  

Bucharest - September, 2008



2 Workshop Bucharest, September 2008

21st Century Air Transport Performance

Air Transport Performance: Safety, Capacity, Mobility, Noise and Emissions
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Engine fuel consumption per Seat-kilometre (% Ref. Aircraft of 1960)

Significant fuel burn reduction and significant noise reduction
C

o
n

s
u

m
p

tio
n

 (l/k
m

/P
A

X
)

Between 1960 and 2000                   

60% of consumption reduction 

(i.e. CO2 emission)   

Modern aircraft consumption             

between 3 and 5 l/100 km/PAX   

2-Engines

4-Engines

Noise reduction

Significant progress has been made2..
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Future requirements for Research and Technology

Performance/Performance/

EnvironnementEnvironnement

NoiseNoise

The European Vision ACARE (*) 2020 HorizonThe European Vision ACARE (*) 2020 Horizon

Ambitious (but realistic) research goalsAmbitious (but realistic) research goals are set through  European and USA are set through  European and USA 

programs.                             NASA Program: Ultra Efficiprograms.                             NASA Program: Ultra Efficient Engine Technologyent Engine Technology

(*) : Advisory Council for Aeronautics Research in Europe
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ONERA Proactive inONERA Proactive in ResearchResearch & & TechnologyTechnology minimisingminimising

EnvironmentalEnvironmental impact             Future impact             Future InvolvementInvolvement in in keykey AreasAreas

New Materials

High Temp. Ni Alloys

OMC, MMC, CMC….

HP Components

LP Components

Modeling

CFD steady and unsteady

Physics-based tools: aerodynamics 

combustion, aeromechanics

CAA Noise prediction,….

Aeropropulsion vision for emissionless, silent aircraft

Improving component efficiency 

Compressor, Turbine HP,LP

Combustor, nozzle<.

New concept of combustors

LPP/RQL, TAPS

Multipoint Fuel- injection

Altenative fuel

Synthetic fuels, LH2,

Bio-fuels2

Improving cycle efficiency 

OPR/BPR

Controls

Prognostic Sensors

MEMS
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• Prediction of pollutants (CO2, CO, NOx, soot)

Radiative Fluxes with ASTRE code

(PdF PEUL model, two phases)

Low Emission Research: staged Combustor Concept

Soot mass fraction contours

Experimental and numerical study in a Two-Heads combustor 

within the framework of the European project SIA-TEAM (2001-2005)

LPP: Lean Premixed Prevaporised

RQL: Rich  Quench Lean

Gas and soot analysis measurements

at the combustor sector outlet

50 % Reducing the NOx emissions
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Local Emission impact: Air Quality

Multi-scale numerical simulations of Paris-Orly airport:

Buildings: 1-100 m

Runway: 10-1000 m

Domain: 2000x2000x1500 m3
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Particle and gas measurements behind

engine test areas

Size distribution of soot particles

Photograph, diffraction and X analyses (TEM) of soot

Emission database: LTO cycle 

and ground access vehicles

ONERA Research Project dealing with Airport air quality assessment studies « AIRPUR »
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Contrails visible as thin streaks (South-Eastern France)

Global and Local Impact of aircraft emissions: Contrail study 

Contrails artificially increase cloudiness and trigger the formation of cirrus 

clouds, thus altering climate on local and regional/global scales

Nature article (2002):  anomalous increase in DTR (daily temperature range) 

reported  over US during  the no-flight days of 11-14 Sept. 2001, which is thought 

to be due to absence of contrails

National research programs in partnership with the aircraft companies and the 

universities                         ONERA coordinator
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Numerical simulation of contrail formation

� Engine jet is entrained by the vortex field

� Vortex increases mixing of the jet with cold air (favours ice formation)

Contrails are ice clouds formed by condensation of water vapour on nucleation

sites, like soot or aerosols, emitted by aircraft engines
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IROQUA, a new French initiative to reduce noise around airports

ONERA (coordinator) is teaming up with the national scientific research center (CNRS), Airbus, 

Dassault, Eurocopter and SNECMA (SAFRAN Group) in a new aircraft noise reduction initiative

To reduce noise at the source, by working on the design and shapTo reduce noise at the source, by working on the design and shape of aircraft enginese of aircraft engines

� Exhaust nozzle design

� Tubine speeds

� Bypass Ratio..

Interaction spinning mode generation

elsA computation

(DUCAT turbofan)

Mach = 0.25

Numerical Simulation of Fan Interaction Noise

Pressure field
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Hybrid grid Centaur / CFD code Hybrid grid Centaur / CFD code 

CEDRE: CEDRE: MultisolversMultisolvers, , MultiphysicsMultiphysics,                  ,                  

RANS, LESRANS, LES

1.5 million nodes

Mach number fields

Numerical Simulation of exhaust jet flow (SNECMA 
configuration) to predict engine noise

within the framework of the European program SILENCE® (2001-2006)
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ONERA Project MAPO: Cellular Structural Materials

Exhauster

Intended acoustic 

treatment

Plug

Material Choice - Superalloy hollow spheres based material (model material FCC)

- further non regular – compromise (costs/reproducibility)

Hot stream acoustic liner

acoustic involving 

Temp/pressure resistance, 

TowardsTowards «« systemsystem »» approachapproach multiscalesmultiscales andand multiphysicsmultiphysics

Understanding/Evaluating/

Predicting/manufactering

MaterialsMaterials by design  by design  
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Recent Applications of CFD CEDRE Code 
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Nacelle/Nacelle/IntegrationIntegration

• Aerodynamics, Heat transfer and Icing

i Acoustics and Aeroacoustics

i Materials and Structures

i Aeroelasticity and Vibration

i Combustion and Emissions

i Engine controls

CombustorCombustor

Compressor HP and LPCompressor HP and LP

Turbine HP Turbine HP andand LPLPFan rotorFan rotor

NozzleNozzle / / exhaustexhaust jetjet

ONERA Research Activities for Aero-propulsion System

Need for multidisciplinary scientific competencies

• Modeling  and CFD simulation

• Improving cycle and component efficiency

• New materials: thermal barrier coating

• New concept of combustors

• Controls and analysis tools : sensors<

• Alternative fuel

Fields of contribution


