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ÅCombustion dynamics are a critical challenge in high 
efficiency gas turbines

Å ¢ǊŀƴǎǾŜǊǎŜΣ άǎŎǊŜŜŎƘƛƴƎέ ƛƴǎǘŀōƛƭƛǘƛŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ 
problematic

ÅTarget architecture ĄMulti-nozzle can combustor 
configuration with interacting flames

ÅFocus of the projectĄHigh-frequency transverse 
combustion instabilities in multi-nozzle can 
combustor configurations.

MOTIVATION FOR RESEARCH

Realistic multi-nozzle 
experiments and high 

frequency 
modeling capabilities 

needed



ÅAcousticwave motions perpendicularrelative
to mainflow direction

Åintrinsicnon-axisymmetricexcitation

ÅNo direct net massflow modulation of
reactants(althoughindirecteffect canbe
large,FTLpath on chart)

ÅWavecanbe spinningor standing; nodal lines
canmove

DISTINGUISHING FEATURES OF 
TRANSVERSE INSTABILITIES
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ÅAcoustic wavelength of the order of heat
releasezoneextent

ÅFlamenot compact

Åits spatialdistributionmatters!

Åe.g., ideal heat releasefor 1-T mode
hasspatialintegralof zero

ÅCouplingmechanisms

ÅVelocity

ÅEquivalenceratio

ÅDirectkinetic(pressure)coupling?

ÅNegligibleatάƭƻǿŦǊŜǉǳŜƴŎƛŜǎέ

DISTINGUISHING FEATURES OF 
HIGH FREQUENCY, TRANSVERSE 
INSTABILITIES
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ÅKeyresearchquestions:

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

(2) Howdo coherentstructuresinteract with high-frequencyacousticforcing?

(3) What are the new mechanismsthat are of importance at high frequenciesand
what are their relative roleswhencomparedto the conventionalmechanisms?

(4) How doesthe direct effect of pressurefluctuations influencethe thermoacoustic
stability of the system?

RESEARCH FOCUS



Å Task 1: PMP

Å Task 2: Experiments on self-
excited transverse instabilities

Å 2.1 ςDesign of Experiment

Å 2.2 ςPressure characterization

Å 2.3 ςFlow and flame 
characterization

Å Task 3: Reduced order modeling 
for thermoacoustic coupling

Å 3.1 ςFlame response modeling

Å 3.2 ςHydrodynamic stability 
modeling

Å 3.3 ςKinetic coupling 
mechanism modeling

TASKS & CONNECTIONS

Task 1

Task 2.1

Task 2.2

Task 2.3

Task 3.1Task 3.2 Task 3.3



RESEARCH TASK 2
TASK 2.1 PROGRESS (EXPERIMENTAL COMBUSTOR)

ÅD=29 cm combustor
Ҧ ŎŀǇǘǳǊŜ ŀŎŎǳǊŀǘŜ high-

frequency acoustics

ÅMultiple nozzles
Ҧ ŎŀǇǘǳǊŜ ŦƭŀƳŜ-flame 
interactions.

ÅOptical accessibility using quartz
Ҧ spatio-temporal flow and 

flame characterization

ÅAbility to vary heat release 
distribution in radial and 
azimuthal direction
Ҧ о ŦǳŜƭ ŎƛǊŎǳƛǘǎΦ
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RESEARCH TASK 2
TASK 2.2 PROGRESS (PRESSURE CHARACTERIZATION)

1T 1L 1T

Å Acquired several hundred operating condition data points

Ҧ tǊŜƘŜŀǘ ¢Σ Ǝƭƻōŀƭ ŜǉǳƛǾŀƭŜƴŎŜ ǊŀǘƛƻΣ Ǉƛƭƻǘ Ǌŀǘƛƻ όὖὙ ), air mass flow rate.

Å Facility exhibits instability for a range of modes

Å Today: Focus attention on 1-T mode at 1600 Hz 

Parameter space



RESEARCH TASK 2
TASK 2.3 PROGRESS (FLOW AND FLAME CHARACTERIZATION)

CH* phase averaged images
Å Out-of-phase oscillations between the top and the bottom
Å Observed coherent structures convectingdownstream

t=0 t=T/8 t=2T/8 t=3T/8

t=4T/8 t=5T/8 t=6T/8 t=7T/8Convectingvortical
structures

Pilot

Outer

Outer



RESEARCH TASK 2
TASK 2.2 PROGRESS (PRESSURE CHARACTERIZATION)

Å Pressure decomposition
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Å Given multiple signals,
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Å Least squares fit
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RESEARCH TASK 2
TASK 2.2 EXTRACTED PARAMETERS

Å Magnitude of each wave (CW and CCW) and spin ratio (SR):
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Å Phase difference between CW and CCW waves, ‰:

Å Anti-nodal line, — (location where pressure mag. is maximum):

Å Anti-nodal line velocity, ɱ

Å Total pressure magnitude: ςὊ ςὋ ϳ



RESEARCH TASK 2
TASK 2.2 EXAMPLE- EXTRACTED PARAMETERS

S4                    S5                    S3

Identification of acoustic mode shape- Azimuthal dependency


