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Background

Combustion dynamics is a major technical challenge to the development of efficient, low
emission gas turbines. Current information is limited to single-nozzle combustors operating
on natural gas and neglects combustors with configurations expected to meet operability
requirements using a range of gaseous fuels such as coal derived synthesis gas (syngas).
In this project, Pennsylvania State University (Penn State) in collaboration with Georgia
Institute of Technology (Georgia Tech) will use multiple-nozzle research facilities to recreate
flow conditions in an actual gas turbine to study complicated interactions between flames
that can aggravate the combustion dynamics in syngas-fueled multi-nozzle can or annular
combustion turbines.

This projectis managed by the U.S. Department of Energy (DOE) National Energy Technology
Laboratory (NETL). NETL is researching advanced turbine technology with the goal of
producing reliable, affordable, and environmentally friendly electric power in response to the
nation’sincreasing energy challenges. With the Hydrogen Turbine Program, NETL is leading
the research, development, and demonstration of these technologies to achieve power
production from high hydrogen content fuels derived from coal that is clean, efficient, and
cost-effective, minimizes carbon dioxide (CO,) emissions, and will help maintain the nation’s
leadership in the export of gas turbine equipment. This project was competitively selected
underthe University Turbine Systems Research (UTSR) Program that permitsacademicresearch
and student fellowships between participating universities and gas turbine manufacturers.

Project Description

Gas turbine combustors capable of meeting future emissions regulations must not
compromise overall system operability. Furthermore, they must be capable of operating
on a wide range of gaseous fuels, such as syngas and high hydrogen content fuels. One
of the most significant challenges to achieving these goals is the problem of combustion
dynamics, a phenomenon that arises from acoustic resonances in the combustion
chamber. This research develops an understanding of the coupling between acoustics
and flame behavior in multi-nozzle combustor configurations in order to better design
the fuel-flexible clean combustion systems of the future. This includes both transverse
acoustic excitation in multi-nozzle annular combustors and longitudinal acoustic excitation
in multi-nozzle can combustors. In the first phase of the study, single nozzle flame response
to both longitudinal and transverse acoustic excitation is studied in order to understand
the scope of the multi-nozzle problem. In the second phase, experiments are conducted
in two multi-nozzle combustor test facilities to simulate transverse acoustic forcing in an
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annular configuration and longitudinal acoustic forcing in a
can combustor configuration. Based on the design of industrial
gas turbines, these facilities allow for the investigation of the
underlying physics of flame-flame interactions, including the
measurement of the longitudinal and transverse flame response
functions (e.g., how heat release fluctuations are influenced by
fuel or velocity fluctuations) that can aid in the development of
new multi-nozzle flame response models.

Goals and Objectives

The goal of this study is to understand the coupling between
acoustics and flame behavior in multi-nozzle combustor
configurations. The expected results fall into three categories:
acoustic behavior, fluid mechanics behavior, and flame
behavior in a synergistic research approach. For example, the
new flame response models will be incorporated into thermo-
acoustic models for predicting instability frequencies and
amplitudes in multi-nozzle combustors, which are essential
tools for preventing or minimizing the incidence of detrimental
combustion instabilities in future gas turbines. To achieve
these goals, very comprehensive sets of both experimental
and modeling work will be conducted. Specific near term
objectives include:

« Continue transverse forced response tests in annular
combustor test rig.

« Measure flame transfer function for transversely forced
flame.

« Perform longitudinal forced response tests in multi-nozzle
can combustor test rig.

+ Develop flame response model of transverse forcing in
multi-nozzle annular combustor test rig.

- Compare transverse multi-nozzle flame response
predictions to measurements.

« Compare longitudinal multi-nozzle flame response
predictions to measurements.

Accomplishments

« Characterization of velocity disturbance field of a trans-
versely forced swirl-stabilized flame using high-speed
particle image velocimetry (PIV).

- Developed description of the flame transfer function for
transversely forced flame response.

+ Measured flame transfer function using global
chemiluminescence, PIV, and two-microphone techniques.

+ Developed flame response model of transversely forced
flame.

« Measured the velocity-forced flame transfer function in
the multi-nozzle can combustor over a range of operating
conditions.

- Demonstrated that multi-nozzle flame transfer function
gain results scaled with Strouhal number.

« Compared the flame transfer function in single- and multi-
nozzle can combustors showing qualitative similarities in
the gain and phase.

+ Developed a new flame imaging technique for
characterizing the three-dimensional structure of multi-
nozzle flames.

Benefits

This UTSR project supports DOE's Hydrogen Turbine Program that
is striving to show that gas turbines can operate on coal-based
hydrogen fuels, increase combined cycle efficiency by three to
five percentage points over baseline, and reduce emissions. This
project will aid in the design of fuel-flexible clean combustion
turbine systems of the future.

Figure 1. Photograph of
interacting flames in the
multi-nozzle can combustor.
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Figure 2. Pioneering a novel 3-D
imaging technique for multi-nozzle
flames.
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Figure 3. Horizontal cross-sections of multi-nozzle flames showing complexity of flame to flame interactions.

Figure 4. Velocity

disturbance mechanisms

present in a transversely
forced flame.
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Flame Response
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averaged response of flames to increasing levels of high amplitude transverse

acoustic forcing resulting from vortex breakdown bubble deformation.

Figure 6. Time



