A Unique Camera System
To Study the High-Speed
Dynamics of Premixed Flames

by Michael Gorman

ABSTRACT —
Instabilities of the
reacting front of com-
mercial combustion
systems limit their
performance, de-
crease their efficien-
cies, and increase
their pollution. We
have assembled a
unique, high-speed
camera system with a
micro-channel plate
intensifier to study
this dynamics.
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for research in combustion dynamics continues to play a crucial
role in our studies. The combustion front of an engine or a gas
turbine combustor near its lean burn limit can become unsta-
ble to dynamic modes of prop-
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these dynamics studies. These frames show counter-propagat-
ing hot spots, which collide and annihilate between frames 1
and 2. In frames 2-4, two free hot spots propagate in the clock-
wise direction and one bound hot spot.

Figure 2 shows the dynamics of unusual pulsating states.
These states form N-lobed structures which break along their
mid-line into counter-propagating spiral arms, rotate, and
annihilate with spiral arms from adjacent lobes.

This dynamics is qualitatively different from other dynam-
ics of pulsating flames in which the circular flame front oscil-
lates in modes similar to those of a vibrating drumhead or in
spirals rotating in a circular domain. These two examples are
a fraction of the pulsating dynamic states that we have
observed in these studies.
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agation in which the steady
front is replaced by a front that
varies in both space and time.

The characteristic oscillation
frequencies are 2575 Hz, which
are above the Nyquist frequency
of videotape, 15 Hz. As the
frame rate of the camera is
increased, the light per frame
decreases. A micro-channel plate
image intensifier, capable of
gains adjustable to 60,000, is
used to amplify the signal so that
the images are clearly visible to
the operator. The ISSO funds
were used to repair this image
intensifier, which had been dam-
aged.

Figure 1 is a sequence of
images of the dynamics of an
annular state taken at 60 Hz in
(a) and 250 Hz in (b), demon-
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strating the importance of
using a high-speed camera in

Figure 1. Dynamics of Annular States

Figure 2. Dynamics of Unusual Pulsating States
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