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A Combustion dynamics are a critical challenge in high
efficiency gas turbines
ACNI yagSNESE 4aONBSOKAy3E
problematic

A Target architecture”A Multi-nozzle can combustor
configuration with interacting flames

A Focus of theoroject A Highfrequency transverse
combustion instabilities in multinozzle can
combustor configurations.
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A Acousticwave motions perpendicularrelative
to mainflow direction

A intrinsicnon-axisymmetricexcitation

A No direct net massflow modulation of
reactants(althoughindirect effect canbe

Tech

| — I

Georgia &

large, R path on chart)

A Wavecan be spinningor standing nodallines
canmove
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A Acoustic wavelength of the order of heat
releasezoneextent

A Flamenot compact

A its spatialdistribution matters!
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A e.g, ideal heat releasefor 1-T mode

Transverse Acoustic Excitation

hasspatialintegralof zero

A Couplingnechanisms
A Velocity
A Equivalenceatio

A Directkinetic (pressureoupling?
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A Keyresearchquestions

(1) How do the conventionalcoupling mechanismsrom low-frequencytranslate to
high-frequency?

(2) How do coherentstructuresinteract with high-frequencyacousticforcing?

(3) What are the new mechanismghat are of importance at high frequenciesand
what are their relative roleswhen comparedto the conventionalmechanisms?

(4) How doesthe direct effect of pressurefluctuations influencethe thermoacoustic
stability of the system?
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TASKS & CONN ECTION&eorgia&
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A Task 1: PMP ecn)|

A Task 2: Experiments on self
excited transverse instabilities

A 2.1¢ Design of Experiment

A 2.2c¢ Pressure characterization

A 2.3¢ Flow and flame Task 2.1
characterization

A Task 3: Reduced order modeling
for thermoacoustic coupling

A 3.1¢ Flame response modeling Task 2.3

A 3.2¢ Hydrodynamic stability
modeling

Task 3.2

A 3.3¢Kinetic coupling
mechanism modeling

Lazqzzzz pn 77 g%’

COMEBUSTIONILAE



Georgla
Tech
A D=29 cm combustor | e -

M OF Lii dzZNB high® O i TES gorical WndowiEs
frequency acoustics ol

A Multiple nozzles

M OI LJi dzRdshe F € I
Interactions.

A Optical accessibility using quart
[hspatiotemporal  flow and

Water
. . Perforated Air Inlet  Outlet 54,55 Thermo
flame characterization plate_ swirler |1| ! H- herme
!____7 k. ’
age e — J\ﬁ/ \\ 1
A Ability to vary heat release = %—/ —-t

distribution in radial and

azimuthal direction *:I_#f\v\“ I / “;fv:/altir
M o FdzSt OANDdAGa® o il |1I_'1J ” "

Fuel Inlet

holder ressure

Air Inlet sensor

Y 2 ;7/
BEN 7. ZINN/



Georgia
Tech|)

A Acquired several hundred operating condition data points
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A Facility exhibits instability for a range of modes

A Today: Focuattention on 2T mode at 16061z
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Convectingvortical
structures

CH* phase averaged images
A Outof-phase oscillations between the top and the bottom
A Observed coherent structurenvectingdownstream
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A Pressure decomposition
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A Given multiple signals,
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A Magnitude of each wave (CW and CCW) and spin ratio (SR):
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A Phase difference between CW and CCW wa¥es,
A Anti-nodal line— (location where pressure mag. is maximum):

A Anti-nodal line velocityy — —

A Total pressure magnitudéc’O ¢'O) |
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|dentification of acoustic mode shapézimuthal dependency
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Reconstructed signal
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