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Flame Transfer Function Measurement in a Premixed Combustor

Daesik Kim, Kitae Kim, Seungbae Chen, Jong Guen Lee and Domenic Santavicca

ABSTRACT

An experimental study of the flame response in a turbulent premixed combustor has
been conducted with room temperature, atmospheric pressure inlet conditions using
premiged natural gas. The fuel is premixed with the air upstream of a choked inlet to
avoid equivalence ratio fluctuations. Therefore the observed flame response is only the
result of the imposed velocity fluctuations, which are produced using a variable speed
siren. Measurements are made of the velocity fluctuation in the nozzle using hot wire

anemometry and of the heat

release

fluctuation in the combustor using

chemiluminescence emission. The results are analyzed to determine the phase and gain
of the flame transfer function as a function of the modulation frequency. Of particular

interest
measurements.

is the effect of flame structure on the flame response predictions and
The results show that both the gain and the phase of flame transfer

function are closely associated with the flame length and structure, which is dependent
upon the upstream flow perturbation as well as equivalence ratio in the current study.

Key Words : Combustion dynamics, Flame transfer function, Lean premixed combustor,
Inlet velocity modulation.
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Alphabets Greeks
f  Modulation frequency ¢ Equivalence ratio
H Flame transfer function Subscripts
Q Heat release rate mean Temperal mean
Vv Mixture velocity in the nozzle rms Root mean square
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Fig. 1 Schematic diagram of experimental
apparatus
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Fig. 3 Schematic drawing of combustor and
nozzle assembly
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Table 1 Operating conditions

Mean velocity (Vmean) 30 m/s
Equivalence ratio 065 - 0.75
Inlet temperature 20T
Modulation frequency 70 - 300 Hz
Mixture Premixed
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Fig. 4 Maximum and minimum amplitudes of
velocity fluctuations at each modulation
frequency in the current modulation device
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Fig. 5 Typical examples showing time traces
and frequency spectra of CH*, OH+ and
velocity fluctuations under modulation (¢
=0.72)
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Fig. 6 Effects of modulation frequency and
equivalence ratio on CH+ fluctuation and
flame transfer function at a given modulation
amplitude (Vrms / Vmean =7%)
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Fig. 7 Effects of modulation frequency and
equivalence ratio on the flame structure
(Vrms / Vmean =7%)
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Fig. 8 Effects of modulation ampiitude on
CH+ fluctuations (¢=0.7)
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