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ABSTRACT
The flame displacement speeds in turbulent premixed flames
have been measured directly by the CH double-pulsed planar
laser-induced fluorescence (PLIF). The CH double-pulsed
PLIF system consists of two independent conventional CH
PLIF measurement systems, and laser beams from each laser
system are lead to same optical pass using the difference of
polarization. The highly time-resolved measurements are
conducted in relatively high Reynolds number turbulent
premixed flames on a swirl-stabilized combustor. Since the
time interval of the successive CH PLIF can be selected to
any optimum value for the purpose intended, both of the
large scale dynamics and local displacement of the flame
front can be discussed.
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By selecting an appropriate time interval (100 µs~200µs),
deformations of the flame front are captured clearly. In Fig.
1, typical successive CH fluorescence images for Reλ = 63.1
are shown for three different realizations. In addition to
instantaneous features of flame front, dynamics of flame
front can be discussed from the successive images. As
shown in Fig. 1, ring-like flame fronts are found in the first
images (see circle A). The size of these flame fronts is
diminished or they disappear in the second images.
Isolating process of the unburned mixture from main flame
front is also observed as denoted by a circle B in Fig. 1.
These successive CH fluorescence images reveal the
burning/generating process of the unburned mixtures or the
handgrip structures in burnt gas, which have been predicted
by three-dimensional direct numerical simulations of
turbulent premixed flames (Nada et al. 2004).
To evaluate the local flame displacement speed directly from
the successive CH images, a flame front identification and
displacement vector evaluation schemes are developed.
Direct measurements of flame displacement speed are
conducted by selecting a minute time interval (≈ 30 µs) for
different Reynolds number (Reλ = 63.1~115.0). Figure 2
shows successive CH fluorescence images and vector map
of flame displacement speed for Reλ = 63.1. Here, red and
blue color represents 1st and 2nd CH fluorescence image,
respectively. White vectors represent the local flame
displacement speed evaluated from these successive images.
Directions of the flame displacement vectors coincide very
well with observations from the successive CH fluorescence
images. From the 120 pairs of successive CH images and
more than 5000 displacement vectors for each condition,
probability density functions of local flame displacement
speed are obtained. Local flame displacement speeds
coincide well for different Reynolds number cases, which
suggest the correctness of the flamelet concept.
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Fig. 1. CH double-pulsed fluorescence images of CH4-air
turbulent premixed flames (φ = 1.0, Reλ = 63.1, (a) and (b):
∆t = 100µs, (c): ∆t = 200µs). Black lines represent integral
length scale of turbulence.

Fig. 2. Successive CH fluorescence images and vector map
of flame displacement speed (red: 1st image, blue: 2nd
image, Reλ = 63.1).
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