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Research of methane volume fraction field reconstruction based on
tunable diode laser absorption spectroscopy detection technology
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Abstract: In order to realize 2-D distribution reconstruction of methane volume fraction field, based on tunable diode laser
absorption spectroscopy ( TDLAS) detection technology, methane was used as the target gas and the absorption spectrum signal of
methane and nitrogen mixture was detected by direct absorption method. Volume fraction of methane was simulated and
reconstructed by algebraic reconstruction algorithm. During simulation reconstruction, square reconstruction area with total 36
squares of 6 X 6 was used. By assuming volume fraction of a hole in a square area and simulating 24 beams through the
reconstruction region from 4 directions, the projection values under the simulated ray were obtained. The results show that root
mean square error of the repeated experiment is 2. 58% . After adding Gaussian white noise with different signal-to-noise ratio
(5% , 10% , 20% ) to the simulated projection signal, root mean square error is between 4. 17% ~9.30% . Surface source
leakage diffusion was adopted in the experiments. Artificial volume fraction hole was created and inhomogeneous volume fraction
field was formed after quartz a column was placed near the center. By comparing the reconstruction results before and after the
placement of quartz column, it can be seen that there is significant decrease of volume fraction in hole position. It is feasible to
detect local distribution of gas volume fraction by TDLAS technology and computer tomography, and has the potential to detect
volume fraction of toxic and harmful gas clouds.
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Fig. 1 ART flow chart
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Fig.2 Sketch of beam distribution
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Fig.3 Simulate distribution of preset volume fraction
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Fig.4 Results of simulation reconstruction
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Fig. 6 TDLAS signal detected by direct measurement method
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Table 1 Volume fraction distribution of Fig. 7a and Fig. 7b
volume fraction of methane
0 0.0002613 0.002157 0 0.003408 0
1.199 x10 ¢ 0.01037 0 0.003102 1.638 x 10 ~° 0
volume fraction 0.005740 0 0.01137 0.0006311 0 0
distribution of 1.382x10°° 0.0009636 0.006911 0 0. 0006864 0.002332
Fig. 7a 3.653 x10°° 0.004569 0 0.002429 0.0001081 0.001578
0.005721 3.653x107°  1.382x10°¢ 0 0.001555 0.0004072

volume fraction of methane

0.0002642  0.0002642  0.0002642 0.007122 0.01247 0.007085
0.01339 0 0 0.006233 0.006762 0
. 0.003168 0.01182 0.01704 0.01841 0 0.004573
volume fraction
distribution of 0.01162 0.01373 0.004707 0 0 0.005895
Fig. 7b 0.005415  3.391 x10°° 0 0.0003252 0.008037 0
0 3.610 x10 73 0.01378 9.827 x10° 0 0

Fig.7 Gradient graph of reconstruction results

a—with quartz column b—without quartz column
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