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Fig. 1. The 12 candidate absorption transition lines.
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Table 1.  Spectral parameters of 12 H,O absorp-
tion lines.
vo/em~1 S(Tp)/(em™2-atm™1) E"
7294.12 0.4041 23.7944
7306.75 0.4463 79.4964
7327.68 0.4612 136.7617
7343.85 0.3298 173.3658
7368.41 0.1731 447.2523
7381.61 0.0999 586.2435
7393.85 0.0516 744.1626
7405.11 0.0247 920.1680
7416.05 0.0142 1114.4030
7426.14 0.0042 1327.1096
7444.35 0.0005 1774.7503
7452.41 0.0002 2073.5139
Zone 1 Zone 2
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|| o
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Fig. 2. The basic simple two-zone distribution and its fur-
ther division.
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Fig. 3. Temperature and concentration distribution of simulated combustion flow field.
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Fig. 5. Flow chart of two-stage simulated annealing algorithm: (a) Main flow of algorithm; (b) subprocess of algorithm.
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Fig. 8. Three different modes of combustion field distribution: (a) Single Gaussian peak; (b) two Gaussian peaks; (c) multiple Gaus-
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sian peaks; (d) concentration distribution.
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Fig. 9. The inversion accuracy of three different modes of combustion field distribution.
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Fig. 10. The inversion accuracy of the optimal 5, 8 transition lines combinations, the non-optimal 5, 8 transition lines combinations

and all 12 transition lines combinations under different noise levels.
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Fig. 11. Under zero noise level, the reconstruction results of two algorithms. Top: SA algorithm reconstruction results, Bottom: ISA

algorithm reconstruction results.
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Fig. 12. Comparison of reconstruction accuracy between the two algorithms.
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Table 2.  Comparison of running time of two algorithms applied to hyperspectral tomography.
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Fig. 14. The combustion distribution of Mckenna flat flame furnace before and after placing the steel ruler.

R3O ERPEL IO E S
Table 3.  Spectral lines and spectral parameters

used in the experiment.

vo/em~1 S(Tp)/(em™2 - atm™1) E”

T467.77 1.093 E-5 2551.48
7444.36 1.100 E-3 1790.04
7185.60 1.905 E-2 1045.06
7179.75 5.814 E-3 1216.19
6807.83 6.032 E-7 3319.45

Jti, FE S Pl — AN B S R P A
R, WEE 2 XG5 A, AnlEl 14 PR,
S AR AT B Y B B R TR 2R
9773, I 2 U O E LA BRI IR R 2Z.
TR AR, SEgEE A SEBRA 2 E] o R AN
o, EAR T AU B R B A — A A PR RS REAR 4
b SR JERBEIRAS, B LI H A 2 pO IR s ) 73

PR HEAT T AR (E AL TR, AT LS B0 W2 )
k. 15 B T 24 S RS 71 x
71 PRSI o BRI B R R AR A

E 15 AT LA, 2 AR kB
BRI B T R RS N E S, T
S DN P b A T R 2 AT S BBtk
ADHHIE, BB TR 298 270 s, 7R B2
{4, B RO i ) B -4 o o el 2 SR ok 2 L E R
TE R AR T, SCa A e il DI N 30T
FOR LB FIE FIaY, MR L E S TR
D DX 3 PN B S A3 HR o o A RIS AT 15 p i mT LA
i, ECE SR, B3R T PIE D A AR
FRP LR, BT —2 B HL, WK S A
AHES TR A 32 2 s, Bl TRITEF
YO TR SE e 5, I LU H A A2 AN R
R PR e Ay W

1574
)57

134205-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021)

134205

Temperature reconstruction ~ Concentration reconstruction
2400
2200
2000
1800
1600
1400
1200
1000

10 20 30 40 50 60 70 10 20 30 40 50 60 70

Temperature reconstruction  Concentration reconstruction
2400
2200
2000
1800
1600
1400
1200
1000

10 20 30 40 50 60 70 10 20 30 40 50 60 70

B 15 RRUBCE RS T AR, b T R R R KRR
AR, R AR O T R A R

Fig. 15. Reconstruction results before and after steel ruler
placement. Top: Reconstruction results before placing the
steel ruler; Bottom: Reconstruction results after placing the

steel ruler.
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Distribution reconstruction of non-uniform combustion field
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Abstract

In this paper, a method of selecting the optimal transition lines’ combination is analyzed to measure the
absorption spectrum of the non-uniform combustion flow field, which is used to solve the basic two-region
distribution, and an improved simulated annealing algorithm (ISA) is proposed for reconstructing the field
distribution of the combustion flow field, in order to solve the problems of slow convergence speed and low
efficiency of the traditional simulated annealing algorithm. By modifying the model perturbation mode and
annealing strategy, the efficiency of the algorithm and the chance to jump out of the local optimal space are
further improved. According to the numerical simulation results, more transitions are helpful in improving the
accuracy of combustion field reconstruction and making the reconstruction less sensitive to noise. It is worth
noting that the optimal transitions’ combination is better than the non-optimal transitions’ combination with
more transitions included. In this paper, three different combustion models are constructed to verify the
effectiveness of the improved algorithm. A comparison between the reconstruction results of the traditional
simulated annealing algorithm and the improved simulated annealing algorithm shows that both algorithms
have the same precision but the latter algorithm has a higher operating efficiency, and a faster running time
(nearly 40 times faster than the former algorithm). At the same time, the simulation results also show that the
reconstruction accuracy will decrease slightly with the complication of combustion flow field. By building the
TDLAS-HT measurement system in the laboratory and using 8 x 8 orthogonal optical path arrangement, the
two different combustion states formed before and after placing the steel rod in the flat flame furnace are
reconstructed, the results show that the reconstruction distribution is basically consistent with the original
distribution, and the reconstructed distribution well shows the combustion characteristics of the original
distribution of the flame field. The effectiveness of the proposed method is verified by numerical simulation and
verification tests. Under the condition of the same reconstruction accuracy as the reconstruction accuracy of the
traditional simulated annealing algorithm, the higher operating efficiency is helpful in reconstructing the rapidly
changing turbulent field, which has some guiding significance for the hyperspectral reconstruction of

temperature and concentration distribution in the combustion flow field.

Keywords: combination of transition lines, field distribution reconstruction, simulated annealing algorithm,

hyperspectral
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