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Reconstruction of temperature and flow velocity fields
based on acoustic tomography
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Abstract: In order to effectively reconstruct the temperature and flow velocity fields of the liquid in a three—dimensional pipeline,
a formula of the sound wave travel—time is proposed, and the temperature and flow velocity fields are solved based on it. At the
same time, the sound wave refraction effect caused by the temperature gradient is considered to track the sound wave bending path.
Experiments are carried out to reconstruct the temperature and flow velocity fields in the main pipe of the HPR1000 reactor. It is
verified that the proposed method can effectively reconstruct temperature and flow velocity fields in the pipeline, and the accuracy of
the reconstruction can be further improved by considering the bending effect.
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Fig. 1 Original temperature and flow velocity field
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Fig. 2 Layout of transceivers and division of area
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Fig. 3 Reconstruction of the temperature and flow velocity field

based on straight lines
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Fig. 5 Reconstruction of the temperature and flow velocity field

based on curved paths
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Table 1 Reconstruction errors for temperature fields

Emax /K Emin /K Emean /K ERMSE /%
Hk 3.5225  6.108 0e-06  1.1195 0.224 46
25 3.5781  8.1958e-06  1.101 6 0.222 74

*x2 REHEWRE

Table 2 Reconstruction errors for flow velocity fields

E / E.in/ E e 7 Epus /

(m-sh) (m-sh) (m-sh) %
HEk 2.162 7 1.069 5e-05 0.470 2 5.2319
Z i 1.899 5 2.089 3e-06 0.452 7 5.007 0
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