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Characteristics of High-Frequency Combustion Instabilities
Occurring in Combustion Devices

Seonghyeon Seo

ABSTRACT

Dynamic characteristics of combustion occurring in various combustion devices have been extensively studied
since most of high-performance combustion devices are susceptible to hazardous, unstable combustion that
deteriorates combustor's lifetime. One of the most severe unstable combustion phenomena is high-frequency
combustion instability in which heat release fluctuations from combustion are coupled to resonant modes of
the combustor. Here in this study, characteristics of high-frequency combustion instabilities observed in three
different combustion devices have been presented. Lean-premixed combustion instability occurs mainly due to
equivalence ratio fluctuations which induce large heat release oscillations at lean conditions. Liquid-fueled com-
bustion also shows high-frequency instability from energy coupling between pressure and heat release oscil-
lations.

Key Words : Combustion instability, Dynamics, Lean-premixed, Liquid fuel, Injector, Bulk mode, High-frequency,
Coaxial, Impinging.

lNxTED

Alphabets p : density
C : concentration
¢ : speed of sound Subscripts
e' : acoustic energy density ¢ : combustion chamber
f: frequency cr : critical condition
L : Length f: fuel
p : pressure g :gas
g : heat release rate most : most energetic
t : time 0 : oxygen
U : unmixedness p : pressure

. velocity rms : root-mean square
x : axial direction 1T : first tangential
Greeks Superscripts
¢ : equivalence ratio ' : fluctuating quantity
¥y specific heat ratio - ! mean quantity
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Fig. 1. Schematics of combustion devices: (a) gas turbine
combustor, (b) thrust chamber, and (c) gas ge-
nerator, presents the locations of pressure fluc-
tuation measurements of x,/L. = (a) 0.78, (b) 0.22
and (c) 0.18.
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respectively.
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Fig. 3. Switch of the acoustic mode at the onset of high-
frequency combustion instability.
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Fig. 4. Variations of pressure fluctuations as a function
of time at the onset of high-frequency combustion
instability for chamber pressure of 14.4 bar and

O/F ratio of 2.43.
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