
Modelling Oxy-Combustion using Code_Saturne®

PULVERIZED COAL COMBUSTION 

MODELS IN CODE_SATURNE® :

•Modelling devolatilisation of coal using 2 

parallel reactions;

•Char combustion: global reaction scheme 

taking into account diffusion of oxydant at the 

surface of the coal particle and the reaction: C(s) 

+ 1/2 O2 CO;

•Radiative transfer modelled using a modified 

DOM or P1 method, Modak correlations or 

EWBM for gas radiative properties, particle 

absorption;

•Use of fast chemistry assumption for the 

combustion of volatiles with presumed PDF for 

the mixing rate and use of global kinetics for the 

reaction CO+1/2O2CO2

•Prediction of thermal NO (Zel'dovich) and fuel 

NO (De Soote);

•Coal blend or coal/biomass co-combustion

Incident heat flux along the furnace wall

Oxycoal project: Simulation of the E’ON UK combustion test facility
(air firing and oxy-firing)

Different flue gas atmosphere: higher CO2 and H2O 
concentrations for oxy-firing (recycled flue gas):

Change in radiative properties f(CO2 , H2O) 

 Heat capacities: CpCO2, CpH2O > CpN2

 Chemical reactions: 

C(s) + CO2  2CO

C(s) + H2O  CO + H2

Increase volatile yield

Increase char combustion

Change in Nitrogen partitioning (NOx)

Primary air 
(or O2+CO2)

+ coal

Secondary air (or 
O2+CO2+H2O)

Temperature [°K]

Partial pressure O2

Char combustion 
rate

Unburned carbon in 
ash

CO concentration 
[% mass]

Temperature along the furnace wall

Velocity and temperature in a vertical plane 
Air firing

Velocity and temperature in a vertical plane 
Oxy-firing (21% O2 enrichment)

Flame detachment observed for oxy-firing
(mesurements provided by E’ON UK)

Computations Measurements
Flame temperature 1447°C 1400°C

Outlet temperature 1000- 1167°C ~1000°C

NOx (ppm vol.) 395 ppm 305 ppm

Unburned (CIA) 1% 2%

CO outlet (ppm vol.) 80 ppm 20 ppm

CO2 outlet (% vol.) 14% 15%

Computations Measurements

Flame temperature 1230°C 1170°C

Outlet temperature 965-1100°C ~900°C

NOx 315 ppm 200 ppm

Unburned (CIA) 4% 7.5%

CO

2

outlet (ppm vol.) 165 ppm 70 ppm

CO outlet (% vol. 74% 70%

Kinetics obtained for El Cerrejon coal from DTF 
measurements in different atmospheres (University of 
Nottingham)

N2/10%O2

y = -94909x + 6,3119
R2 = 0,8276

-4,5

-4

-3,5

-3

-2,5

-2

-1,5

-1

-0,5

0
0 0,00002 0,00004 0,00006 0,00008 0,0001 0,00012

1/RT

LN
(K

c)

DTF measurements

Linéaire (DTF
measurements)

 

Char burnout (for 53-75 µm): assuming homogeneous 
particle size, temperature and O2 concentration in the DTF 
we get an approximate kinetics for O2 oxydation.

CO2 char oxydation is derived from CO2/10%O2 test 
assuming that CO2 and O2 contributions are not correlated.

26.9825C(s) + CO2  2CO

22.68551C(s) + 1/2O2 CO

E(kcal/mol)A(kg/m/s/atm)

26.9825C(s) + CO2  2CO

22.68551C(s) + 1/2O2 CO

E(kcal/mol)A(kg/m/s/atm)

Developments performed in Code_Saturne®

Difference between oxy-firing and air-firing

Possibility to deal with any gas 
composition at inlets 

Char oxydation by CO2

 On going implementation of char oxydation 

by H2O

Study of different configurations (air-firing and 
oxy-firing with 3 different gas compositions) 

on a simple coal jet flame

Primary inlet

Secondary inlet

Tertiary inlet

500 000 Cells

Mesh of the E’ON UK 1MWth combustion test facility

Sandro Dal Secco, EDF, 6 quai Watier, 78400 Chatou, France

For oxy-firing, the gas composition at the 
different inlets is  a mixture of O2/N2/H2O/CO2

Profiles along the furnace vertical axis

Air-Firing Oxy-Firing
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