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An Experimental Study on the Self-excited Instabilities

in Model Gas Turbine Combustor
Min Chul Lee, Jung Goo Hong and Hyun Dong Shin

ABSTRACT

Most of gas turbines is operated by the type of dry premixed combustion to reduce NOx
emission and economize fuel consumption. However this type operation, combustion induced
instability brought failure problems cause by high pressure and heat release fluctuations. Though
there has been lots of studies since Lord Rayleigh to understand this instability mechanism and
control the instabilitics, none of them made matters clear. In order to understand the instability
phenomena, a simple experimental study with dump combustor was conducted at the moderate
pressure and ambient temperature conditions. From this model gas turbine combustor self-excited
instabilities at the resonance mode(200Hz) and bulk mode(10Hz) were occurred and observed at
the three points of view; pressure, heat release and equivalence ratio which are acquired by
peizo-clectric transducer, HICCD camera and acetone LIF respectively. From this results we
could see the instability mechanism clear with the account of time scale analysis which
explained by the propagation of pressure wave to the upward of mixture stream and
convectional transfer of the equivalence ratio fluctuation by this pressure fluctuation.
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P pressure fluctuation T interior temperature of combustion chamber
Q' heat release rate fluctuation Lye distance from dump plane to the fuel
m, mass flow rate fluctuation of air injection location
¢' equivalence ratio fluctuation HICCD High speed Intensified Charge
T mean velocity of fuel and air mixture Coupled Device
c speed of sound LIF  Laser Induced Fluorescence
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Table. 1 Experimental conditions

fuel/oxidizer LPG / air
equlva_lence 05~0.9
ratio
. geometry | H700 * D80mm
combustion L .
material : quartz and stainless
chamber
steel
equivalence ratio(9),
parameters | distance from dump plane to
fuel injection location (L)
inlet —
velocity U= 2122 m/s
inlet moderate pressure &
conditions ambient temperature
external no (self-excited instability)
force
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