9 ENUERGY

EN The Second International Energy 2030 Conference

Active Control for Fuel-Flexible Volumetrically-Efficient Combustion
Ken H. Yu! and Ashwani K. Gupta?

IDpepartment of Aerospace Engineering, University of Maryland, College Park, U.S.A.
’Department of Mechanical Engineering, University of Maryland, College Park, U.S.A.
yu@umd.edu

1. Introduction

Air pollution is one of the key issues facing the combustion of fossil fuels. In gas turbine combustors,
there is only a small range of air-fuel ratios where both NOx and CO emission levels can be kept very low,
i.e., concentrations below a single-digit ppm. One problem of operating the combustors at these air-fuel
ratios is, however, that it also makes them susceptible to combustion instability. This problem is further
complicated when different types of fuels are used as the occurrence of combustion instability becomes
even more unpredictable.

Active combustion control (ACC) could be an ideal solution for addressing this problem, as it allows
the gas turbine combustors to operate at desired air-fuel ratios while actively suppressing combustion
instabilities [1]. By actively controlling the combustion dynamics, ACC would make it possible to use
different types of fuels without sacrificing reliability or emissions compliance. The objectives of this study
are (i) to study various pollutant reduction mechanisms that can be used for in situ dynamic control
strategy, (ii) to investigate various enabling technologies for environmentally-safe fuel-flexible combustor
operation, and (iii) to develop a closed-loop active-combustion-control technique designed to minimize air
pollution in fuel-flexible combustors.

2. Key Features

Two examples of active combustion control are to be presented. The first example concerns active
instability suppression using a small amount of secondary fuel injection [2]. A closed-loop feedback
control technique was used to dynamically pulse the secondary fuel at proper timing with respect to
pressure oscillations. This resulted in suppression of combustion instability, reducing peak spectral
amplitude of pressure by nearly 20 dB while breaking up large coherent structures associated with
combustion instability (see Figure 1).

The second example concerns active control of turbulent diffusion flames to minimize soot formation
[3]. By acoustically forcing both the fuel flow and the air flow separately and controlling the timing
between the fuel injection and air flow oscillations, dynamic interaction between the two reactant streams
was controlled. This resulted in drastically different flame characteristics depending on the fuel injection
timing. Figure 2 displays and contrasts the flame structures obtained by two different injection timings.

3. Conclusions

Active combustion control technology offers a definite possibility of drastic performance improvement
in gas turbine combustors by integrating rapid development in electronic timing control with enhanced
understanding in the multidisciplinary areas of fluid physics, combustion chemistry, engine performance,
control algorithms, and actuator/sensor diagnostics. Strong scientific basis covering combustion dynamics,
flow physics, adaptive control, flow diagnostics and sensing associated with small-scale active combustion
control experiments will help develop the active combustion control into a critical enabling technology in
next-generation fuel-flexible environmentally friendly energy conversion devices.
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Figure 1. Comparison of uncontrolled and controlled pressure oscillation amplitudes [2].
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Figure 2. Actively controlled diffusion flames, a) efficient and b) sooty flames [3].
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