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ABSTRACT

A new technique that reconstructs the temperature and species-concentration fields by using tunable diode
laser absorption spectroscopy (TDLAS) and laser-induced breakdown spectroscopy (LIBS) is demonstrated
on axisymmetric combustion fields. For two-line thermometry, the uncertainties in linestrengths of the
absorption lines cause systematic errors in both temperature and species concentration estimations. Thus, in
the study, the radial profile of water vapor concentration is obtained first using LIBS, assuming that the
combustion is complete; then, the radial temperature profile is estimated from the radial profile of the
absorption coefficient, as reconstructed from the absorbance profile obtained using TDLAS. The spectral
line of water vapor at 7185.6 cm’” is selected because its linestrength showed a monotonic decrease with the
increase in temperature within the measuring temperature range. The radial profiles of temperature and
water mole fraction are well-reconstructed, and the measurement error is found to be as low as 3%.
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Fig. 1. Temperature dependence of the linestrength
of water vapor at 7185.6 cm .
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Fig. 2. Schematic of TDLAS and LIBS setups on flat
flame burner.

3.2. TDLAS A& M
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3.3. LIBS &gy M
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spectrometer(AvaSpec-ULS2048L)YE AR3f EE5H%
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Fig. 3. Radial temperature profiles measured by type

B thermocouple for equivalence ratios from
0.73 to0 1.01.
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Fig. 4. (a) Transmitted and incident laser intensities
near 7185.6 cm™'. (b) Spectral absorbances
near 7185.6 cm™" with the Voigt fit.
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Fig. 5. Integrated absorbances at 7185.6 cm™' as a
function of the closest distance between the
laser beam and burner axis for equivalence
ratios from 0.73 to 1.01.
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Fig. 6. Time-varying integrated absorbances at 7185.6
cm”' measured at the burner center for
equivalence ratios of 0.73, 0.84, 0.95, and 1.01.
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using LIBS for different equivalence ratios.
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