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1.  ABSTRACT  

Program Introduction: Rationale and Objective  

The objective of this research is to develop tools that can predict flashback and combustion instability in lean premixed 

combustors operating on high-hydrogen fuels.  It utilizes state-of-the-art numerical simulations, experimental techniques, 

and reduced order modeling, and is based on a collaborative effort involving two universities. Such a design tool is 

essential for the successful development of gas turbine power systems that can operate on coal-derived high-hydrogen 

fuels in an environmentally acceptable manner.  In addition, the proposed research is structured to provide significant 

student involvement and therefore will make a significant contribution to the education of students who can provide the 

engineering expertise required for meeting our nations future energy needs in an environmentally friendly manner. 

Accomplishments Achieved During the Current Period of Performance  

Significant accomplishments were made in this reporting period in analytic, computational, and experimental analysis of 

combustion instability.  First, substantial improvements in physics-based models of the flame response to fuel/air ratio 

oscillations were made.  These analyses incorporated non quasi-steady and nonlinear effects into existing models, two key 

features that are needed for amplitude prediction in practical combustors.  Second, progress was made in the development 

of a technique for measuring heat release fluctuations in unsteady flames with equivalence ratio fluctuations.  This is a 

very challenging problem due to the inherent sensitivity of chemiluminescence to heat release, strain, and fuel/air ratio.  

Work focused on correctly subtracting background, including unsteady corrections, and measuring ratio’s of emissions at 

different wavelengths.  In addition, experiments were performed to study the influence of harmonic excitation on 

background turbulence.   Finally, development of tools for large eddy simulation of combustion dynamics were initiated.   

Plans for the Remaining Period of Performance  

Future work will continue toward developing predictive models and validating measurements of the flame response to 

fuel/air ratio oscillations over a range of amplitudes.  In addition, measurements and computations will be performed to 



 

 

improve understanding of the interactions between narrowband acoustic fluctuations and broadband turbulent fluctuations. 
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