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The use of gaseous fuels issued from waste products or
wood pyrolysis will help to fulfill the Kyoto targets
concerning Green House Effect gas emissions. However, the
use of these fuels in the actual dry low NOx lean premixed
combustors is difficult because of their low LHV level
(<25% natural gas) and of their composition variability. The
aim of the present work is to compare stability combustion
domains and flame structures between G20 (100%CH4) and
a biogas issued from waste methanisation (61% CH4,
34%CO2 and 5%N2) in a lean gas turbine premixed
combustion configuration. A parametrical study has been
conducted in a way to characterize the influence of
equivalence ratio variation (from 0.8 to 0.6) while mean
inlet velocity is kept constant (30 m/s). The experimental
burner is composed of a cylindrical quartz combustion
chamber (200x800mm) placed in a pressurized and cooled
casing with three large optical accesses. Downstream, a
converging nozzle with variable section allows the pressure
in the combustion chamber to rise up to 0.8Mpa. The
combustion air can be pre-heated up to 600°C. The fuel/air
mixture injector is an axial swirler injector of 20mm
diameter with a coaxial bluff-body. All presented
measurements are performed in atmospheric conditions.
Laser Doppler Velocimetry provides axial and radial
velocities profiles. CH* chemiluminescence measurements
are performed with an ICCD camera in order to characterize
structure and intensity of the reaction zone. Simultaneous
temporal acquisition of chamber pressure and global CH*
emission are performed in order to describe flame instability.
The unstable flame criterion is the appearance of a 16Hz low
frequency pressure fluctuation. When fuel is turned from
methane to biogas, it is observed that burner operating range
is decreased. The performed measurements allow a fine
description of the modifications of flame structure and
instability frequencies. In particular the reaction zone extent
is increased towards recirculation zones. The biogas-air
flame shape becomes the methane-air unstable flame one
even when the flame presents a stable pressure fluctuations
spectrum. The addition of CO2 a destabilization effect on the
flame structure. This result can be explained by burning
velocity modifications resulting from CO2 dilution. The
other effect of CO2 is the “quasi-disappearance” of the
unstable flame. The low frequencies pressure fluctuations
vanish as soon as the dilution rate value reaches 20%. This
diminution can be related to the laminar flame velocity
sensitivity to equivalence ratio fluctuations.
To conclude, the study of stability diagrams has shown that
• Whatever the fuel, three areas can be seen: one, at
high equivalence ratio, is a stable flame area. As the
equivalence ratio decreases, the flame becomes
unstable and shows low frequencies pressure

fluctuations. Finally, at low φ, the flame is stable
again, just before extinction
• Biogas-air flames (diluted methane-air flames)
show the same pattern, but with higher equivalence
ratio values in a narrower range of φ.
The flame structure study has shown that:
• Mean velocity fields don’t depend on φ or CO2
dilution rate
• For the same equivalence ratio, the addition of CO2
implies a strong modification of the reaction zone
location and of the reaction intensity. CO2 addition
has a destabilisation effect on flame structure.
• The main useful parameter to predict the flame
structure is the laminar flame speed, which depends
both on φ and on the CO2 dilution rate.
Finally, the study of the flame stability has shown that the
16Hz pressure fluctuation frequency can be correlated to:
• The cyclic penetration of the reaction zone in the
CRZ
• To the δ parameter, which is the laminar flame
speed sensitivity to equivalence ratio fluctuations:
∂S 0
δ= L
∂φ
Experimental and computed results show that the lower the
equivalence ratio, the more unstable the flame. CO2 addition
has a stabilisation effect on pressure fluctuations.
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Figure 1 : Abel inversion of (CH +αCO ) – air flames (cases lines 3 ,4 and 5)
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