Convective Waves
in Thermoacoustic Combustion Instability
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Feedback interactions between a wide variety of acoustic and convective waves

contribute to thermoacoustic combustion instability
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Fluctuations of pressure or velocity at the fuel injector modulate after a time

delay the equivalence ratio at the flame and thereby heat release rate
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The relative phases between pressure, fuel supply rate, equivalence ratio and

heat release rate determine the sign of the Rayleigh index

For a compliant fuel injector: e .
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or or an

will result in a distribution of fuel transport time lags
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or or an

will result in a distribution of fuel transport time lags
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A distribution of time delays reduces the response at higher frequencies

Unit Impulse Response hi Flame Transfer Function
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A distribution of time delays reduces the response at higher frequencies

Unit Impulse Response hi Flame Transfer Function
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Distributed delays tend to stabilize combustion instabilities

— but the mean delay is more important

Gaussian distribution
of time delays: | | |
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Fluctuations of equivalence ratio at the flame will give rise to entropy waves,

which may contribute to thermoacoustic instability or combustion noise
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Shear dispersion or distributed fuel injection or an elongated / distorted flame

will result in a distribution of entropy transport time lags
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Shear dispersion or distributed fuel injection or an elongated / distorted flame

will result in a distribution of entropy transport time lags

molecular diffusion (shear) dispersion

4}:///////////////////

T T

Sattelmayer, 2003
Morgans, 2013
Wassmer, 2018

TI.ITI W. Polifke | Convective Waves | POLKA 6 Network Week, Montestigliano | March 2023 11



Q/
Don’ be fooled by the 2nd Law of Thermodynamics — S # -

Polifke et al., 2001,
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Flow oscillations across a swirl generator will result in ,,swirl waves”,

which may induce fluctuations of heat release rate
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Con-/destructive superposition of the respective responses to swirl and velocity

perturbations shapes the overall flame response (FTF) of the BRS burner
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Swirl waves are not ,,convective waves”, but

with non-convective propagation speed and axial as well as radial components
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Front Kinematics
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An flow perturbation disturbs the kinematic balance between

, diffusion and reaction in a flame

After the perturbation, the original
flame shape is restored convectively,
which results in a delayed response
of heat release rate
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A premixed flame front is not merely convected by the flow,

but also acts on the flow: decrease in density & generation of vorticity
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Flame-flow interactions have a significant impact on the flame response

Harmonic forcing:
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Feedback interactions between a wide variety of acoustic and convective waves

contribute to thermoacoustic combustion instability
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