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High-resolution laser Rayleigh imaging is used to
measure the detailed structure of the thermal dissipation
field in the near field of a turbulent non-premixed
CH4 /H2 /N2 jet flame with a jet-exit Reynolds number of
15,200. We focus on the near field (x/d=5-20) of the jet
flame where the primary combustion reactions interact with
the turbulent flow, and scaling laws for the relevant turbulent
scales are not known. The dissipation structures are
determined from measurements of the squared gradient of
the temperature fluctuations. Figure 1 shows an example of
the thin layers of high dissipation that are characteristic of
dissipation field.

Conditional PDFs of D are approximately log-normal
distributions that exhibit self-similarity at a given
downstream location when the layer widths are scaled by
(T/T0)0.75, where T0 is a reference temperature.
A fully resolved spectral analysis of the dissipation field
is feasible using an interlacing technique to suppress noise
(see Fig. 3). The interlacing technique exploits the lack of
correlation between the noise in alternate rows of pixels.
On average, there is a noise cancellation for temperature
gradients that are determined from neighboring rows of
pixels. The dynamic range of the power spectral density
(PSD) with interlacing spans three orders of magnitude and
without interlacing is limited to approximately 40.

Fig. 1: Single-shot measurement of | T |2 in a turbulent
jet flame at x/d=10 displayed on a logarithmic scale.
The measurement of | T |2 is quite sensitive to noise in
the temperature measurements. Adaptive smoothing is
used to suppress noise and minimize the degradation of
spatial resolution. This noise reduction technique enables
accurate measurements of the dissipation layer widths, D,
from single-shot measurements. Probability density
functions (PDF) of D conditioned on temperature are
calculated from a series of 600 images. The sample joint
PDF in Fig. 2 shows the progression of layer thicknesses as
a function of temperature at x/d=10.

Fig. 3: Power spectral density of radial temperature
gradient with and without noise suppression via
interlacing and adaptive smoothing (x/d=10, r/d=1).
The power spectra are used to determine the turbulent
microscales by measuring a cutoff wavelength, C , at 2% of
the peak PSD. This cutoff criterion is based on models of
1-D power spectra for non-reacting turbulent flows. The
Batchelor scale is estimated from C , and the results are
compared with Batchelor scales estimated from scaling laws
in non-reacting flows using the local Reynolds number. At
x/d=20, the different approaches to determining the
Batchelor scale are comparable. Closer to the nozzle, there is
a discrepancy between the two methods.
The measurement of length scales and dissipation
structures are important for developing accurate combustion
models and determining necessary detector resolutions for
experimental studies of turbulent flames. Further highly
resolved two-dimensional measurements of dissipation will
provide an improved understanding flow-flame interactions
in turbulent flames.

Fig. 2: PDFs of | T |2 -layer thicknesses conditioned on
intervals of temperature (x/d=10).
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