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e L ean premixed combustion has been employed to reduce e To experimentally measure the air-forced flame transfer function Input Function: Output Function:
emissions, however It also increases a combustor’s (FTF) of an industry scale nozzle over a range of combustor V'OV oo E—— O'(HIO
susceptibility to self-excited instabilities. pressures, inlet temperatures, mean velocities, and equivalence mean

. - ratios.
e Athorough understanding of the flames response to periodic e A siren device Is used to create the input velocity fluctuation

flow disturbances is necessary to allow prediction of combustion e To determine the mechanisms through which velocity over a range of frequencies and the flame’s chemiluminescence
iInstabilities in the combustor design stage. fluctuations cause heat release fluctuations. emission is measured as an indicator of the fluctuation in the

g [ Pressure flame’s overall rate of heat release.
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\. J

Experiment Results Results
i Fluctuati
Representative Air-Forced FTF Gain and Phase Phase Averaged Time Averaged uctuation
j Image Image Image

g ¢

i ~+Gain =Phase

: -IHIEP.E- aly ?1 LT e 1 -wi-f : l;b" lll = = = 2_0 — — O ,eﬁi§
‘hﬁﬁ.\ll- "ll |l. - v 1.8 - - -100
—_— '_-—-?‘;'_-— 1.6 - - -200 . . .
Air Siren Injector Combustor Exhaust o o Phase—§ynchron|zed Images were analyzed to isolate the
| - -300 — fluctuating component of heat release.
m | m 5 | = ml 1.2 - )
% 1.0 A - 400 '% . 225Hz,0° . 225 Hz, 60°
Premixed air and s - 500 -
— (a
— /' natural gas 0.6 - - -600 Hz, 120° 225 Hiz, 150° 7, 180°
Quartz cooling / e - ' ~
N uartz cooling
N . 0.2 - - -800 : 5
pressurization air e -~
: | 0.0 -900 /
N i — 00 02 04 06 08 10 12 14 16
=(f* VvV . . . .
Operating Range Combustor St=(*Lame)/ Vinear e The series of fluctuation images show movement of regions of
» Combustor pressure: 1-4 atm « Double walled quartz o All measured FTFs exhibit the same characteristics: wrinkling within the tflame brush.
e |nlet temperature: 20-300 °C combustor o e These regions of wrinkling are caused by the vorticity generated
e Mean velocity: 20-35 m/s * Optically accessible | in the inner and outer shear layers, between which the flame is
e Equivalence ratio: LBO - 0.80 stabilized.
e Premixed air and natural gas Measurements e A further increase in frequency causes the gain to
e Static and dynamic pressure Increase to a second peak. 1s0Hz sz ok
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o Veloccl)ty fluctuation amplitude:  CH chemll_umlnescence o At the frequencies corresponding to minima in gain, % Y’ T v Low 1y
0-45% (Photomultiplier tube) the phase curve exhibits inflection points. ; o Gang e
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Injector e Phase-synchronized images were taken at 3 frequencies . . . . . .
. . . . . , e At high gain frequencies these regions of wrinkling are in
e |Industry scale injector to identify the mechanisms affecting the flame’s

o Swirl stabilized response. phase, and at low gain frequencies they are out of phase.
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