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Figure 3 : Pourcentages de consommation d’énergie primaire issue du pétrole, gaz, 
charbon et uranium dans le monde, l’Union Européenne et la France. 

(Source : rapport B. Tamain, MSTP)
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Primary energy sources

(Source : rapport B. Tamain, MSTP)

 
 
source Pétrole Gaz Charbon Nucléaire 

fission 
Nucléaire 
fusion 

Total 

Monde 37% 21% 24% 7% 0% 89% 
Europe 41% 24% 15% 14% 0% 94% 
France 39% 13% 6% 34% 0% 92% 
 Abondant Abondant Abondant Abondant T. abondant  
Avantages coût coût coût coût coût  
 liquide gazeux     
 Réserves Réserves Réserves Réserves   
 Effet serre Effet serre Effet serre    
Inconvénients Pollution  Pollution Déchets Déchets  
    Sûreté   
    Rendement   
     Non réussie  

Prouvées Prouvées Prouvées Prouvées  
40 ans  65 ans  220 ans  70 (3000*)  
Ultimes Ultimes Ultimes Ultimes  

Réserves (en 
années de 
consommation 
actuelle) 135 ans 230 ans 1400 ans 280 (12000*) 

 
infinies 

 
*ces chiffres ne tiennent compte que des réserves uranium terrestres. L’utilisation possible du thorium sera aussi 
possible ce qui multipliera ces chiffres par un facteur de l’ordre de 4: voir §4-c. 

Tableau I : Importance relative des énerg ies fossiles dans la production globale 
d’énergie; avantages et inconvénients ; réserves prouvées et ultimes.  
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Net calorific values

Fuel net calorific value 
(MJ / kg)

methane 
(major compent of natural gas)

49

gasoline 42-45

diesel fuel 41-42

kerosene 43

H2 120

Let’s start with the power ...
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Hydrogen ?
➢ liquid fuel

Liquid hydrocarbons
excellent energy/volume ratio

➢ Hydrogen

Problems :
• Production ?
• Storage ?
• Safety ?

• 8 l / 100 km
• Heat power 45 000 kJ / kg
• ρ = 900 kg / m3

500 km with a car

Total energy
1600 MJoules

• Heat power 120 000 kJ / kg
• ΜΗ2 = 2 g/mol

For the same total enery:
• 13.5 kg of hydrogène
• 150 m3 under 1 bar !!
• 200 litres under 750 bars !!!

Bio-fuels!
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Environmental effects

➢ Greenhouse effects
• Carbon dioxide (CO2 , H2O ,CH4)
• Climate change

➢ Pollution
• Unburnt hydrocarbons (HC)
• Carbon monoxide (CO)
• Nitrogen oxides (NOx)
• Sulfur oxides (SOx)
• Particles…

Directly linked to hydrocarbon consumption
• Reduce fuel consumption
• Burn fuels without carbon (H2,…)
• CO2 capture

Dangerous in small quantities
(ppm to few hundreds of ppm)

Combustion challenge

➢ Noise
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Applications

• Gas turbines

• Rocket engines

• Internal combustion engine

• Industrial furnaces

• Fire safety 
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New fuels ?
➢ Coal (only in power plants)

➢ Bio-fuels
• Cereals
• Sugar beet, .......
• Wood Problems :

• Efficiency ?
• Available quantities ?
•Pollution

Fuel dilution (15 % in 2015)
➢ Hydrogen

• Production ?
• Storage ?
• Safety ?
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Spark ignition engines
Technical challenges

•  Fuel and oxidizer premixing
‣ never perfectly premixed

• Ignition stage control
‣ At the right time
‣ Avoid auto-ignition phenomena 

during the compression stage (pinking)

• Combustion process
‣ full gas burning
‣ Wall heat transfers
‣ Pollutant formation
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Diesel engines
Technical challenges

• High pressure ratio
‣ increase efficiency (less CO2 production)

• Heterogeneous combustion (fuel and oxidizer are not 
premixed before combustion)
‣ High level of temperature (NOx formation)
‣ Combustion under rich conditions (soot, CO, un-burnt 
gases)

• Auto-ignition
‣ no need of igniter
‣ auto-ignition has to occur at the right time
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Toward Diesel engines with homogeneous 
combustion regimes (Homogeneous Charge 

Combustion Engines)
• Homogeneous combustion

• Either direct injection earlier during the 
compression stage
• Or direct injection during the admission stage

• Faster combustion
• Better efficiency

• Lower burnt gases temperature 
• Less Nox formation

…remains at the development stage
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Applications
➢ Internal combustion engines using new fuels

o Consumption / Efficiency

o Reduced pollutant emissions
• combustion
• post-treatment

  

o Stability

o Ignition
• auto-ignition (Diesel)
• spark ignition

   

o Weight / Size
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Aircraft engines
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Liquid fuel:
- atomisation
- vaporisation
- mixing

Chemistry:
- kinetics
- flammability
- stability
- pollutionFlow field:

- large scale motions 
   (dynamics, instabilities)
- small scale motions

Heat transfers 
- cooling
- materials behaviour

Depollution

Control
- monitoring
- optimisation
- instabilities
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CTR 2008 15

Ignitors

Burnt gas

Burnt gas

Ignition of an helicopter chamber :
- 20 M cells
- 2000 BG procs 
- kerosene/air 2 step scheme
- TFLES model
- ignition by two pilot flames

Collaboration between:
- CERFACS
- Argonne National Lab (Top 1 machine)
- Turbomeca
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CTR 2008 16
Axial velocity field + flame position (white line) 

CERFACS
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➢ Gas turbines using new fuels
o Consumption / Efficiency

o Reduced pollutant emission

o Stability

o Turbine inlet temperature profile

o Ignition / re-ignition (aeronautics)
• main combustion chamber

• post-combustion

o Versatility (ground turbines)
o Weight / Size (aeronautics)
o Life time

Main combustion 
chamber

Applications
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➢ Industrial furnaces using new 
fuels

o Consumption / Efficiency

o Reduced pollutant emissions
• combustion

• post-treatment

o Stability
o Fuel versatility 
o Lifetime

• operating 24 h / 24

• limited maintenance

o Co-generation

Applications
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  Laminar     Turbulent   

Premixed
combustion

Non
premixed
combustion

Partially
premixed
combustion

VARIOUS MODES OF COMBUSTION 
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Premixed / diffusion flames

Diffusion flame Premixed flame

Advantages
• No flame propagation
• Easy to design / build

• Efficiency
• Controled temperature

Drawbacks
• Efficiency (mixing)
• Maximal temperature

• Safety (flame propagation)
• Mixing
• Flamability limits

More and more devices use premixed combustion!
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Simulation

Theoretical
analysis

Physical 
modeling

Experiments

Combustion
problem
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Challenge: chemistry

CH4 + 2O2 = CO2 + 2 H2O
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Challenge: chemistry
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Challenge: chemistry

models required to reduce the chemistry

EM2C
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Challenge: flame stability

EM2C
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Challenge: two-phase flow

Liquid fuel
- atomisation
- vaporisation
- mixingCerfacs
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Challenge: supercritical 
conditions

Dense oxygen jet

OH* emission
Structure of 
cryogenic  
transcritical 
flames

Experiment

LOx
CH4

CH4

Temperature iso-surface EM2C
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Challenge: turbulence

Mass:

Momentum:

Species mass fractions: Unknown

Formally identical to classical Reynolds averaged equations

Models required

EM2C
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Counterflow flames
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Counterflow flames

25!

Premixed flames! Non-premixed flames!
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Counterflow flame
at FIUNA (PhD Dario Alviso, ITAIPU scholarship)

Air+Liquid Fuel! Air+Liquid Fuel!

Air+CH4! Air+CH4!

Air+liquid Biofuel Air+liquid Biofuel

The famous
Rolon Burner
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Counterflow flame
at FIUNA
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Typical expected results
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Typical expected results
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Perspectives for Biofuel studies

• Study the Chemical composition and schemes of bio-fuels 

• Analyze gaseous counterflow flame structure experimentally 
and numerically

• Analyze  spray counterflow flame structure experimentally 
and numerically

•  Analyze  pollutant emission mechanisms
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Thank you
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