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NOTE: This is a successor agreement to "Electric Field Control of Flames," grant NNX11AP42A, per D. Stocker, NASA
Glenn Research Center. 
This project at the University of California, Irvine explores the use of large electric fields in combustion for the purpose
of improving the performance of energy conversion systems. As an actuator, electric fields can affect flame stability and
soot formation, while, as a sensing device, the electrical response at saturation is an inherent flame characteristic. In
addition to preparing for the proposed ACME E-FIELD experiments aboard the International Space Station (ISS), we
have performed an evaluation of an experimental method of measuring ion number density in a flame using a Langmuir
probe, studied the dynamic interaction between the flame and chemi-ions, analyzed the source of increased saturation
ion currents found in I-V curves, used electric fields to control flames impinging on a surface, and begun to develop
computational models to predict chemi-ion concentrations in flames. This report summarizes recent findings. Specific
activities include: 
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Task Description:

1.) A study on the dynamic interaction between the flame and the electrical body force created by a flux of chem-ions.
This was done in several ways, by analyzing the dynamic response of the gaseous flow field in response to a sudden
application of an electric field, by comparing transient flame behavior using a high speed camera and the transient ion
current collected when an electric field is turned on. 

2.) A study of the interaction between the flame and the DC electric fields. This was done by studying the flame
geometry to varies steady electric field strengths and analyzing I-V curves for different burner geometries. 

3.) A study to construct a framework and approach for building computational models to predict ion concentrations in
the flame, including the effects of ion driven winds. Different burner geometries were tested. Different ion chemistry
models were used to test the current level of understanding of how ions are produced in the flames. 

Understanding electric field interactions with flames is central to combustion control, particularly in situations near limit
operation of the flame where small effects are amplified dramatically. Electric fields have been shown to modify
burning rates as well as to enhance and reduce flame propagation even to the point of flame extinguishment. Our
experiments provide a unique ability to make simultaneous measurements of both physical and electrical properties of
flames. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

The control of combustion has the potential to improve efficiency and reduce emissions from burning fuels. Since high
power density often requires combustion, these improvements will be important no matter what the fuel source. Electric
fields acting on flames have the potential to aid in combustion control. In addition, electrical properties of flames can
identify poor performing boiler flames that release poisonous carbon monoxide. Our studies show that a flame's electric
signature can capture incipient quenching before dangerous emissions result. Understanding the links between electrical
character and flame behavior may allow improved sensing of poor performing combustion systems. 
  

Task Progress:
New project for FY2017. 
Continuation of "Electric Field Control of Flames," grant NNX11AP42A. See that project for previous reporting. 
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