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Fig. 1. Basic framework of on-line imaging algorithms.
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Table 1. Parameters of the selected transitions at around 7185.60 cm ™' and 7444.36 cm .

Line index wavenumber/cm ! S(Ty)/(cm %atm ™) &/ (cm t-atm 1) &/ (cm Latm 1) E'/cm™?! Thair
1 7185.596 0.00490 0.371 0.0342 1045.0583  0.63
7185.597 0.0147 0.195 0.0413 1045.058  0.65

2 7444.351 0.000541 0.366 0.0199 1774.750  0.44
7444.368 0.000154 0.250 0.0188 1806.670  0.41

7444.371 0.000462 0.194 0.0153 1806.669  0.41
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Fig. 2. Non-uniform temperature and HyO concentration distribution regions: (a), (b) Indicate the temperature, concentration distri-

bution of model 1; (¢), (d) indicate the temperature, concentration distribution of model 2; (e), (f) indicate the temperature, concen-

tration distribution of model 3, respectively.
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Fig. 3. (a) Position relationship of the optical path arrangement in the measurement system; (b) optical paths arrangement in the

measurement area.
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Table 2.  Detailed parameters of the three different dis-
tribution models.

S AR Ul (zF, y&)/em o/cm
1 0.40 (12, 8) 4
0.40 (6, 14)
2 0.35 (14, 6) 4
0.40 (6, 14)
3 0.35 (14, 14) 4
0.25 (9, 6)
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Fig. 4. Calculation results and relative error of integrated absorbance by R-WMS-TA and WMS-Fit algorithms for three different
distribution models: (a) Distribution model 1; (b) distribution model 2; (c) distribution model 3.
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Fig. 5. Reconstruction results of different methods in distribution model 1: (a) e = 5.34%; (b) e = 5.38%; (¢) e = 5.53%; (d) e =

5.42%; (e) e = 5.58%; (f) e = 5.00%.

054206-6



) 3B =% R Acta Phys. Sin.

Vol. 72, No. 5 (2023) 054206

Theoretical

value
w800
~
i
5 600
5
a
3
g, 400
g
= 200
20
20 16
12 8 0 4 33\0‘0
Q/Cm

Concentration/%
Concentration/%

886
806
726
646
566
486
406
326

Temperature/K

Concentration/%

B 6 MR 2 R JT L E LR (a) e = 5.74%; (b) e = 6.20%; (c) e = 5.91%; (d) e = 5.91%; (c) e = 6.33%; (f) e = 6.36%
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Fig. 7. Reconstruction results of different methods in distribution model 3: (a) e = 4.46%; (b) e = 4.70%; (c) e = 4.61%; (d) e =

4.74%; (e) e = 4.87%; (f) e = 4.40%.
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Abstract

Conventional calibration-free wavelength modulation spectroscopy generally requires complex absorption
spectrum simulations in combination with spectral databases and laser modulation parameters, placing high
demands on the accuracy of a priori spectral parameters and hardware parameters. Meanwhile, inappropriate
initial values can increase the computation time and even lead to local optimal solutions. In order to improve
the computational efficiency, a rapid calibration-free wavelength modulation spectroscopy to obtain the
integrated absorbance is presented in this work. First, this method is computationally efficient, requiring only
algebraic calculations by using the 2nd, 4th, and 6th harmonic center peak height parameters to obtain the
integrated absorbance, eliminating the need for computationally intensive harmonic fitting calculations.
Secondly, this method has low dependence on the spectral database, requiring only line intensity and low-state
energy level spectral parameters. Finally, this method is highly adaptable and does not require scanning the
complete absorption spectral line shape, which solves the problem of incomplete harmonic signals caused by the
conventional method at high temperature and high pressure due to the broadening of the absorption spectral
line. This method has previously been used only for line-of-sight measurements at low-frequency experimental
signals in stable environments, and for calculating the integrated absorbance at average temperature,
concentration and pressure states. In this work, the method is applied to non-uniform complex combustion field
tomography and combined with the proposed tomographic system to achieve online reconstructing temperature
and concentration distributions. The accuracy and computational efficiency of the method in obtaining the
integrated absorbance are verified by numerical simulations and experiments on the butane burner flame. The
results show that the presented method is consistent with the reconstructed distribution compared with the
conventional wavelength modulation method, with a maximum relative deviation of only 0.94% from the
measurement and 3.5% from the thermocouple measurement, verifying the accuracy of the method. The
computational efficiencies of the two methods for obtaining the integrated absorbance are analyzed. The average
calculation time per path is 0.15 s for the present method and 21.10 s for the conventional method. The
calculation efficiency of the present method is at least two orders of magnitude higher than that of the
conventional method, which provides a fast and reliable research method and technical means to realize the

industrial-grade online reconstruction of temperature and concentration distribution of combustion fields.

Keywords: online tomography, laser absorption spectroscopy, wavelength modulation spectroscopy, complex

combustion field
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