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Abstract

This paper proposes a new process tomography (PT) method based on computational fluid dy-
namics (CFD) and non-negative matrix factorization (NMF) for reconstructing flow fields. The CFD
sample database is established by CFD simulation, and the sample base matrix is extracted from
the sample database by using NMF. Then, based on the basis matrix, the sample matrix can be ob-
tained by inversely solving from a small amount of sensor measurement data, thereby reducing
the sampling points required for reconstruction and realizing rapid dimensional reconstruction of
the flow field. It can be seen from the reconstruction results that the method can accurately recon-
struct the flow field, especially the process parameters without large order of magnitude differ-
ence; compared with other multi-phase flow detection methods, the method avoids the complex
calculations of sensitive field in the multi-phase flow detection process. Meanwhile, compared to
simple CFD simulation methods and interpolation methods, the time required for reconstruction
is greatly reduced.
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Figure 1. MNR schematic diagram
1. MNR EL7TE
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Figure 2. Model size and boundary type. (a) Multi-tube space flow model; (b) Heating rod name;
(c) Top view of the geometric model; (d) Front viewof the geometric model; (e) Model in ICEM
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Figure 3. Volume fraction reconstruction result when the leakage velocity of 1 is 0.6 m/s. (a) Actual result; (b)
Reconstruction result
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Figure 4. Partial enlargement of the volume fraction reconstruction result when the leakagevelocity is 0.6 m/s.
(a) Actual result; (b) Reconstruction result
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Figure 5. Volume fraction reconstruction results when the leakage velocity of 1 is 0.7 m/s
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Figure 6. Partial enlargement of the volume fraction reconstruction result when the leakagevelocity is 0.7
m/s
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Figure 7. Reconstruction result of velocity
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Figure 8. Reconstruction result of different basis matrices
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Figure 9. Relative reconstruction error corresponding to different
sampling rates
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Figure 10. Average relative reconstruction error of 25 heating rods
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