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Objective of the program is to understand, quantify, and
predict combustion instability during transient operation

— Two major deliverables for the program:

1. Fundamental understanding of flow and flame
behavior during combustion transients and
mechanisms for transition to instability

2. Development of a stability prediction or
guantification framework



The transients will be quantified using three different metrics:
amplitude, timescale, and direction
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Varying the transient timescales allows for different processes
to equilibrate during the transient, changing the path
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Project Management Plan — progress to date

—Task 1 — Project management and planning

—Task 2 — Modification of current experimental facility with monitoring
diagnostics and new hardware for transient control

—Task 3 — Map combustor timescales at target operating points

—Task 4 — Design of transient experiments

—Task 5 — Fuel split transients (multi-nozzle combustor)

—Task 6 — Equivalence ratio transients (single- and multi-nozzle)

—Task 7 — Fuel composition transients (single- and multi-nozzle)

—Task 8 — Data analysis and determination of prediction/quantification

framework



Three types of transients are being considered in both multi-
nozzle and single-nozzle combustors

— Fuel-staging transients
— Multi-nozzle only

— Equivalence ratio transients
— Multi- and single-nozzle

— Fuel composition transients
— Multi- and single-nozzle




Experimental facilities include both a single-nozzle and multi-
nozzle combustor, fuel splitting on multi-nozzle only

Combustor Can

Dump plate metal
temperature
(K-type thermocouple)

Dump
plate

Five Swirled
Nozzles

""""

<l Centerbody metal
temperature
(K-type thermocouple)

Combustor pressurném_
fluctuation
(PCB pressure transducer)

Manifold

Premixed NG-air mixture



Hardware modification focused on a valve with linear actuation
to control fuel flow transients for fuel-splitting studies
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Single-nozzle combustor is created by plugging four nozzles
and using a smaller quartz liner with the same dump ratio
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Major Result #1: Fuel staging works both in axisymmetric and
non-axisymmetric configurations
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Major Result #2: Analysis of local flame dynamics shows that
change in flame shape, dephasing drive stability suppression
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Major Result #3: While instability decay is smooth, instability
onset takes longer and is intermittent — direction matters!
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Major Result #4: Time-scale of a transient matters in the multi-

nozzle combustor, and heat transfer likely plays a role
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Major Result #5: Most significant difference between the
single- and multi-nozzle instability is transient timescales
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Analysis of the multi-nozzle cases showed that many
conditions displayed intermittency in the instability amplitude
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With three years of data, we were able to correlate key
parameters to understand the source of the intermittency
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Quantifying the thermoacoustic damping and driving of the
combustor indicates strength of instability

Thermoacoustic system model
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Thermoacoustic damping is highly correlated to centerbody
temperature, with long timescale cases having less damping
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Intermittency is higher in cases with lower thermoacoustic
driving, likely a result of the combustor thermal condition
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Single-nozzle studies were done first to baseline performance

and system stability was dependent on heat rate, %vol H,
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Transient behavior is most sensitive to direction and
amplitude; like NG results, timescale is not a factor
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Multi-nozzle stability has been mapped and transient tests are
on-going to understand the role of flame interaction
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Key findings from this program will have implications for
combustion instability research going forward

— Transient behavior is fundamentally different than steady-state
behavior —amplitude, direction, and timescale matter
— Implication: Both steady and transient studies are needed

— The impact of timescale on the final state after a transient event is
mostly driven by its comparison to heat transfer timescales, likely due
to its role in determining thermoacoustic damping

— Implication: Conjugate analysis of combustion systems is useful

— Multi-nozzle systems display different behaviors than single-nozzle,
particularly with respect to instability intermittency
— Implication: Need more understanding of what drives differences

— System behavior with H, is not fundamentally different
— Implication: Stability map changes, needs to be characterizeds



The work in this project has been widely disseminated to the
academic and industrial communities — Published papers:

1. Doleiden, D., Culler, W., Tyagi, A., Peluso, S., O’Connor, J., (2019) “Flame edge dynamics and interaction in a
multi-nozzle can combustor with fuel staging,” Journal of Engineering for Gas Turbines and Power, 141(10), p.
101009.

2. Doleiden, D., Culler, W., Tyagi, A., Peluso, S., O’Connor, J., (2019) “Flame edge dynamics and interaction in a multi-
nozzle can combustor with fuel staging,” ASME Turbo Expo, Phoenix, AZ.

3. Culler, W, Chen, X., Samarasinghe, J., Peluso, S., Santavicca, D., O’Connor, J., (2018) “The effect of variable fuel
staging transients on self-excited instabilities in a multiple-nozzle combustor,” Combustion and Flame, 194, p.
472-484.

4. Culler, W., Chen, X., Peluso, S., Santavicca, D., O’Connor, J., Noble, D., (2018) “Comparison of center nozzle staging
to outer nozzle staging in a multi-flame combustor,” ASME Turbo Expo, Oslo, Norway.

5. Chen, X,, Culler, W., Peluso, S., Santavicca, D., O’Connor, J., (2018) “Comparison of equivalence ratio transients on
combustion instability in single-nozzle and multi-nozzle combustors,” ASME Turbo Expo, Oslo, Norway.

6. Chen, X., Culler, W., Peluso, S., Santavicca, D., O’Connor, J., (2018) “Effects of equivalence ratio transient duration
on self-excited combustion instability time scales in a single-nozzle combustor,” Spring Technical Meeting of the
Eastern States Section of the Combustion Institute, State College, PA.

7. Sekulich, O., Culler, W., O’Connor, J., (2018) “The effect of non-axisymmetric fuel staging on flame structure in a
multiple-nozzle model gas turbine combustor,” Spring Technical Meeting of the Eastern States Section of the
Combustion Institute, State College, PA.

8. Samarasinghe, J., Culler, W., Quay, B., Santavicca, D. A., O’Connor, J. (2017) “The effect of fuel staging on the
structure and instability characteristics of swirl-stabilized flames in a lean premixed multi-nozzle can combustor.”
Journal of Engineering for Gas Turbines and Power, 139(12), 121504.

9. Culler, W., Samarasinghe, J., Quay, B., Santavicca, D. A., O’Connor, J. (2017) “The effect of transient fuel staging on
self-excited instabilities in a multi-nozzle model gas turbine combustor,” ASME Turbo Expo, Charlotte, NC.

30



Forthcoming papers for ASME Turbo Expo 2020

1.

Westfall, S., Sekulich, O., Culler, W., Peluso, S., O’Connor, J., (2020)
“Quantification of intermittency in combustion instability amplitude
in @ multi-nozzle can combustor” ASME Turbo Expo

Strollo, J., Peluso, S., O’Connor, J., (2020) “Effect of hydrogen on
steady-state and transient combustion instability characteristics”

ASME Turbo Expo

Howie, A., Doleiden, D., Peluso, S., O’'Connor, J., (2020) “The effect of
the degree of premixedness on self-excited instability,” ASME Turbo

Expo
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