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Abstract Tunable diode laser absorption spectroscopy ( TDLAS) combining with computer tomography (CT)
algorithm can realize 2D reconstruction measurement of temperature of flow field, concentration and so on. Two
different typical algorithms including algebraic reconstruction technique (ART) algorithm and simulated annealing
(SA) algorithm are implemented to study the influence of tomography algorithm on the 2D reconstruction quality of
temperature field. Reconstruction simulations of unimodal temperature field and bimodal temperature field are done
under different beam arrangements and absorption lines with two algorithms, and the reconstruction results of two
algorithms are compared and analyzed. The simulation results indicate that the reconstruction quality of ART
algorithms is mainly affected by the beam arrangement while the SA algorithm is more sensitive to the number of
absorption spectral lines. More specifically, for unimodal temperature field, the maximum deviation of the
reconstructed results of ART algorithm is 5. 6%, which is slightly better than 6.2% of SA algorithm using 6
absorption lines. For bimodal temperature field, the maximum deviation of the reconstructed results of SA
algorithm is 5.5%, whiles that of ART algorithm is up to 22% .
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Fig. 1 Schematic diagram of Boltzmann plot with 4 spectral lines
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Fig. 2 Schematic of grid partition of the area under test
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Fig. 3 Original temperature field model. (a) Unimodal temperature field; (b) bimodal temperature field
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Table 1 Parameters of the absorption spectral lines

No. Spectral frequency /cm ™' Line strength at 296 K /(cm ™ ?/atm) Lower state energy /cm '
1 7205.25 0.246 79.50

2 7416.05 0.0144 1114.55

3 7185.597 0.0197 1045.05

4 7444.37 0.00112 1806.67

5 7424.69 0.00115 1477.30

6 7432.31 0.00231 1050.16
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Fig. 5 Reconstructed results with ART algorithm under different number of beam lines.

(a) 20 beams; (b) 39 beams; (c) 58 beams
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Fig. 6 Relative mean square error changes with iteration number under different beam arrangements
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Fig. 8 Reconstructed results with SA algorithm using different numbers of absorption spectral lines.

(a) 2 absorption spectral lines; (b) 4 absorption spectral lines; (c¢) 6 absorption spectral lines
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