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2D reconstruction of combustion flow field temperature based

on multiple absorption lines
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Abstract: 2D distribution measurement on temperature and concentration of combustion flow field can be
obtained by tunable diode laser absorption tomography technique. A new method using multiple absorption
lines to reconstruct 2D temperature distribution was developed. In the method, different lines were
combined based on the property of temperature sensitivity. And the area interested were reconstructed by
the line pairs which were optimal for the temperature. In this paper, four H,O lines were selected to
reconstruct the temperature distribution using Gauss and random models in a range of 300—1 500 K. The
simulation results show that the new method improves the reconstruction quality with reconstructed error
of 0.039 6 comparing with two-line thermometry of 0.095 2. In engineering application, the multiple
absorption lines combination optimization method can effectively improve the reconstruction quality when
the temperature range of the area of interest can be predicted.
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Fig.1 Original temperature distribution model
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Fig.2 Schematic diagram of beam arrangement
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Tab.1 Absorption lines selected in this paper

No. yo/em™ E"/cm™ S$(296)/cm™- atm™!
1 7205.25 79 2.46x107!
2 7185.597 1045 1.88x1072
3 7454.445 1962.507 1.83x10™
4 7472.056 2952.394 5.25x107°
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Fig.3 Different linestrengthes (a) and the ratio of linestrength

versus temperature
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(d) Combinatorial optimization results 50
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Fig.5 Difference between the reconstructed and original temperature

distribution
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Tab.2 Comparison of temperature reconstruction

results between different absorption line pairs

. Asymmetri- Random distribution
Symmetri-

Line pair cal
cal Gauss . . .
distribution  Mean SD
7185.6+7 205.25 0.0327 0.1342 0.0952 0.0363
7185.6+7454.445  0.014 7 0.068 5 0.0505 0.0184
7185.6+7472.056  0.016 8 0.060 9 0.0436 0.0157
Combination results  0.013 3 0.0479 0.0396 0.0151
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Fig.8 Results of concentration field reconstruction
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